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PREFACE 


In  the  process  of  revising  the  "Text-Book  6i  Pharmacology,"  it  became 
apparent  that  the  extensive  development  and  applications  of  Pharma- 
cology justified  a  somewhat  more  ambitious  treatment  of  the  subject. 

Pharmacology  comprises  some  broad  conceptions  and  generalizations, 
and  some  detailed  conclusions,  of  such  great  and  practical  importance 
that  every  student  and  practitioner  of  medicine  should  be  absolutely 
familiar  with  them.  It  comprises  also  a  large  mass  of  minute  details, 
which  would  constitute  too  great  a  tax  on  human  memory,  but  which  can- 
not safely  be  neglected.  It  is  the  ambition  of  this  book  to  present  both 
types  of  information  without  confusion.  The  matter  in  the  larger  print 
aims  to  give  a  connected  and  concise  statement  of  the  essentialsbf  pharnia- 
cology.  The  smaller  print  need  not  be  consideredTiy  the  reader  who 
wishes  to  obtain  merely  a  general  knowledge  of  pharmacology.  It  con- 
tains more  detailed  data  for  consultation.  Side  headings  have  been  intro- 
duced liberally  to  facilitate  this  use.  The  bibliographic  references  are 
intended  to  put  the  investigator  on  the  track  of  further  details. 

The  volume  can,  therefore,  serve  both  for  study  and  reference. 
There  may  be  some  question  as  to  the  general  advisability  of  combining 
text-books  and  reference  books;  but  in  Pharmacology  this  appears  to  be 
necessary,  since  every  student  may  need  more  detailed  information  at  any 
time. 

These  objects  necessitated  a  complete  rearrangement,  and  fairly 
extensive  enlargement  of  the  book,  and  as  the  work  progressed,  it  appeared 
plain  that  it  meant  not  merely  a  revision,  but  the  making  of  an  entirely 
new  book. 

With  this  enlargement  of  the  text,  it  became  necessary  to  practice  the 
utmost  economy  of  matter,  in  order  to  bring  the  contents  within  a  single 
volume.  This  and  other  considerations  prompted  the  separation  of  the 
Laboratory  Guide  In  Pharmacology,  which  will  be  issued  as  a  companion 
volume.  The  illustrations  have  also  been  omitted  wherever  the  text  could 
be  understood  without  them.  A  further  economy  was  effected  by  cur- 
tailing the  discussion  of  the  drugs  of  slight  importance,  thus  leaving  more 
space  for  the  relatively  few  really  important  drugs.  This  is  in  line  with 
the  modem  movement  for  the  restriction  of  the  "Materia  Medica." 

I  am  greatly  indebted  to  ray  friend,  Dr.  R.  A.  Hatcher,  for  valuable 
help  in  reading  the  proofs. 
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Definitions. — Pharmacognosy  deals  with  the  origin  and  the  anatomic 
and  chemic  structure  of  crude  drugs. 

Materia  Medica  is  an  older,  obsolescent  title,  which  was  used  to  include  also  the 
actions,  "uses  anddosage.  OrgSHU  Staieria  Medica  is  limited  to  the  drugs  derived 
directly  from  the  v^etable  and  animal  kingdoms. 

Inqwrtance  of  PhaimacognoGfy. — An  accurate  knowledge  of  this 
branch  is  necessary  to  the  pharmacist  to  insure  the  quality  of  his  wares. 
It  is  much  less  important  to  the  physician.  However,  it  is  useful  to 
know  the  appearance,  odor,  taste,  solubility,  and  perhaps  the  origin,  at 
least  of  the  more  important  drugs. 

Vegetable  Drugs.— The  crude  organic  drugs  are  derived  mainly  from 
plants,  either  wild  or  cultivated;  collected  at  the  proper  season  to  insure 
the  maximum  activity;  and  properly  dried  or  otherwise  prepared. 

Parts  Used. — ^The  active  principles  are  often  diffused  throughout  the 
plant;  but  they  are  generally  more  abundant  in  one  particular  part, 
which  is  then  used.  The  parts  are  designated  by  their  usual  botanic 
names.  The  following  are  the  most  important,  with  some  characteristic 
examples. 

Root  (Radix). — The  underground  part  of  the  plant,  generally  devoid 
of  chlorophyl  (green  coloring  matter),  and  which  does  not  produce  leaves 
(Dandelion,  Belladonna,  Ipecac,  Rhubarb). 

Tuberous  Roots. — Roots  swollen  with  accumulation  of  reserve  food 
material  (Sweet  Potato,  Aconite,  Jalap).  They  are  often  called  tubers; 
but  true  tubers  (Potato)  are  similar  formations  on  rhizomes. 

Corm. — A  thickened  underground  stem  (Colchicum). 

Bulb. — Very  fleshy,  closely  crowded  leaves,  enfolding  the  underground 
base  of  the  stem  (Onion,  Squills). 

Rhizome. — Underground  stems  which  bear  leaves  (Podophyllum, 
Hydrastis,  Ginger,  Aspidium). 

Wood  (Lignum). — The  wood  of  trees,  in  fragments,  chips  or  coarse 
powder  (Quassia,  Hematoxylon,  Sandalwood). 

Bark  (Cortex). — The  outer  layer  of  the  stem  (Cinchona,  Cascara, 
Wild  Cherry),  or  of  the  root  (Sassafras,  Cotton-root).  Sometimes  only 
the  inner  bark  is  collected  (Ceylon  Cinnamon,  Elm). 

Leaves  (Folia). — Digitalis,  Uva  Ursi,  Belladonna,  Senna. 

Herb  {Herha  or  Species) . — The  smaller  leafy  and  flowering  or  fruiting 
stems  (Peppermint,  Cannabis  Indica,  Savin). 
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Flowers  {Flores). — Chamomile,  Arnica.  Unexpended  flowers  are: 
Cloves,  Santonica. 

Fruit  (Fructus). — The  ripened  ovary,  with  any  persistent  parts  of  the 
flower,  and  containing  the  seeds  (Pepper,  Cardamom,  Hops,  Colocynth, 
Anise). 

Seed  (Semen). — The  essential  part  of  the  fruit  (Nux  Vomica,  Strophan- 
thus,  Physostigma,  Mustard,  Linseed). 

Microscopic  Structure  of  Plants. — ^This  differs  from  the  animal  cells, 
especially  by  the  thick  cell  walls,  and  by  the  frequent  presence  of  proto- 
plasmic enclosures,  starch,  fats,  calcium  oxalate,  protein  crystals,  etc. 
The  cell  walls  are  chiefly  responsible  for  the  shape  and  physical  properties 
of  the  celt.  They  consist  primarily  of  cellulose,  variously  modified 
by  certain  allied  substances  (lignin  in  wood,  suberin  in  cork).  These 
are  all  insoluble  in  ordinary  solvents  and  in  the  alimentary  canal  of  man. 
They  are  therefore  so  much  useless  "ballast'"  in  the  administration  of 
the  drugs.  The  processes  of  pharmacy  consist  largely  in  isolating  the 
active  constituents  from  this  useless  material. 

Phannacognostk  Importance  <tf  Microscopic  Structure. — ^The  appearance,  ^e  and 
arrangement  of  the  cells  and  their  inclosures  (starch  grains,  etc.)  is  often  the  most 
important  aid  in  identifying  a  (Jnig,  particularly  when  in  the  form  of  powder.  The 
pharmacopeias  therefore  include  microscopic  descriptions,  whenever  these  are  importanL 

IMPORTANT  PLANT  CONSTITDENTS 

Elementary  and  Proximate  Constituents. — The  elementary  or  ultimate, 
constituents  of  plants,  as  of  animals,  are  mainly  C,  H,  O,  and  N.  The 
chemical  compounds  formed  from  these  are  called  the  proximate  principles 
or  constituents  of  the  plant.  These  belong  to  the  chemical  groups  of 
proteins,  fats,  carbohydrates,  tannins,  resins,  alkaloids,  glucosids,  acids, 
terpenes,  etc.    Plants  also  contain  inorganic  salts. 

Cellulose. — This  is  found  in  the  cell  walls.  It  exists  in  almost  pure 
form  in  cotton.  It  is  chemically  an  isomer  of  starch,  having  the  ele- 
mentary formula  (C8HioOs)n.  It  is  insoluble  in  all  the  ordinary  solvents, 
and  is  not  affected  by  boiling  water.  It  dissolves  without  change  in 
Schweitzer's  reagent  (ammoniated  solution  of  copper  sulphate).  In 
older  cells  it  is  often  modified  by  the  introduction  of  allied  molecules: 
wood  (lignin)  or  cork  (suberin).  Cork  is  very  resistant  to  reagents  and 
impermeable  to  water,  and  hence  protects  the  plant  against  evaporation 
and  chemic  injury.  The  cellulose  may  also  undergo  a  retrograde  meta- 
morphosis into  gum  or  pectin. 

Starch  (CeHio06)n« — This  is  produced  as  one  of  the  first  stages  in  the 
assimilation  of  COj.  It  occurs  in  the  form  of  granules,  usually  showing 
a  laminated  structure  around  a  center  (hilus).  The  character  of  this 
lamination,  as  well  as  the  average  shape  and  size  of  the  granules,  are 
important  in  distinguishing  between  different  plants. 

Starch  can  be  easily  recognized  by  the  blue  color  which  it  gives  with 
iodin.  It  is  insoluble  in  all  the  ordinary  solvents,  but  with  boiling  water 
swells  and  forms  a  peculiar  colloidal  solution  (paste). 

Gums. — These  are  colloidal  carbohydrates,  swelling  or  dissolving 
in  water  to  viscous  adhesive  fluids  (mucilages  or  pastes).  They  are  pre- 
cipitated by  alcohol.  They  are  formed  in  the  plant  by  the  transformation 
of  cellulose  and  cell  contents,  especially  as  the  result  of  pathologic  proc- 
esses.   Pectins  are   closely  related  substances,  occurring  in  fruits,  and 
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causing  the  boiled  fruits  to  set  into.jelly.  Gums  and  pectins  do  not  color 
'with  io(Jin;  they  reduce  copper  only  after  inversion. 

Sugar.— The  various  forms  of  sugars  have  a  wide  distribution  in  the 
vegetable  kingdom.  Some  reduce  copper  in  alkaline  solution;  others 
do  so  only  after  inversion.  All  turn  the  plane  of  polarized  light.  They 
are  soluble  in  water;  much  less  so  in  alcohol.  The  most  important  types 
are: 

Glucose  {Dextrose  and  Levulose),  CeHiaOe;  Maltose  and  Saccharose, 
CijH„Oii;  Mannite  CftHuOi. 

Glucoads. — These  are  ester-like  combinations  of  sugafs  with  various 
other  substances,  frequently  with  phenols.  Acids  or  appropriate  ferments 
hydrolyze  them  into  sugar  and  the  other  substance.  Many  do  not  con- 
tain nitrogen.  Most  glucosids  are  neutral  or  weakly  acid;  a  few  are 
alkaloidaL  They  are  widely  distributed  in  plants,  and  include  active 
principles  such  as  the  digitalis  constituents,  saponins,  tannins,  etc. 

Saponins. — These  are  neutral,  non-nitrogenous  substances  distin- 
guished by  foaming  with  waters,  emulsifying  oils,  and  laking  red  blood 
corpuscles.  Many  have  the  formula  CnHjn-sOio.  Some  are  glucosids. 
Those  which  are  markedly  toxic  are  sometimes  called  sapotoxins.  The 
saponins  are  also  of  wide  occurrence. 

Tannins. — This  term  is  applied  to  a  group  of  phenol  derivatives, 
distinguished  by  giving  a  bluish  or  greenish  color  with  ferric  salts.  The 
greater  number  also  form  insoluble  compounds"  witH  other  metallic  salts, 
with  alkaloids,  proteins,  etc.  This  precipitation  leads  to  an  astringent 
action. 

Tannins  occur  in  many  plants,  especially  in  the  leaves  and  bark,  and 
in  pathologic  formations  (nut-galls).  They  are  non-nitrogenous;  some  are 
glucosids.  They  are  soluble  in  water  and  in  alcohol;  but  since  they  form 
insoluble  compounds  with  so  many  substances,  they  often  occur  in  plants 
in  granular  form. 

The  taimirts  have  been  classified  by  theii  chemic  composition.  More  convenient 
is  the  older  classification  into: 

1.  Physiologic  Tannins. — Occurring  in  normal  plant  tissues;  giving  a  green  color 
with  iron;  yielding  pyrocatechin  on  dry  distillation.  Most  of  these  tannins  iorm  with 
connective  tissue  an  extremely  insoluble  and  impermeable  compound,  and  are  therefore 

"used  in  lanmngT 

2.  Paikotogic  Tannins. — Occurring  in  pathologic  tissues  (galls);  giving  a  blue  color 
with  iron  (cbeuiged  to  green  by  acid) ;  yielding  pyrogallol  on  dry  distillation;  unsuited  for 

tanning. 

FlilolM]dieil8. — ^Tannins  are  easily  decomposed  into  resin-like  substances  called 
pidobaphens.  These  exist  naturally  in  plants,  out  are  usually  formed  as  artificial  de- 
composition products  in  all  extracts.  They  are  dark-colored,  soluble  in  alcohol  and 
in  a&aline  liquids,  insoluble  in  water. 

Tannins  and  phlobaphens,  as  well  as  most  other  plant  constituents,  are  easily  con- 
verted into  a  group  of  substances  called  htimins.  These  do  not  exist  in  living  tissues, 
and  arise  on  the  death  of  the  cells,  by  the  action  of  air  and  moisture.  They  cause  the 
brown  color  which  plants  assume  on  drying;  they  are  also. present  in  the  brown  bark. 

Tannins,  phlobaphens,  and  humins  form  a  series,  without  sharp  demarcation.  They 
are  not  subject  to  tne  action  of  bacteria,  and  in  this  way  protect  plants  against  putre- 
faction. 

Alkalies. — These  comprise  many  of  the  most  active  and  important 
plant  constituents.  They  may  be  defined  as  natural  nitrogenous  organic 
bases  (generally  tertiary  amins);  i.e.,  they  are  organic  substances,  contain- 
ing nitrogen,  of  basic  character,  combining  with  acids  without  the  elimina- 
tion of  hydrogen,  forming  well-defined  and  usually  crystalline  salts.    The 
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ftjt*^"*'^Sis  with   halogens  arc  called  hydrochlorids,  hydrobromids,  etc  (not 
^^h!orids,elc.).  ^ 

The  lumM  of  alkaloidii  arc  often  spelled  vnth  a  &niil  e,  to  distinguish  them  from 
neutral  principals  (ihus  morpJiiwr,  an  alkuloid;  wilicin,  a  glucosid).  This  distinctioo 
is  rather  arbitrary,  and  is  not  EuIIoweti  here. 

Discovery  of  the  Alknioids. — This  is  an  achim-ement  of  the  igth  ccntuo'  (Morphin, 
by  Serluerner,  1805  to  1817;  Strychnin,  1818;  Qulnin  and  Caffein,  1820;  Nicotin.  1829; 
Alropin,  1S35). 

Occurrenf^. — Only  a  few  alkaloids  occur  in  the  animal  kingdom,  the  mn»t  important 
example  beios  epinephrin,  the  active  principle  of  the  suprarenal  gland.  Alkaloldal 
principles  arc  also  formed  by  the  action  ui  biictttria,  and  are  tJilled  fitomttins.  Amonfcst 
the  higher  plants  the  occurrence  of  alkaloids  is  very  common,  the  same  plant  containing 
UMialiy  several  alkaloids  which  are  often  formed  from  one  another.  They  are  often 
found  in  all  parta  of  the  plants,  but  sometimes  they  are  strictly  localized  in  certain 
portions.  Amongst  seeds,  e.f-,  in  aconite,  in  the  central  part;  in  iihysiMligma  in  the 
cotylcdona;  in  datura,  hyoscyamua  and  atropa.  In  the  layer  beneath  the  epidermis;  in 
DUX  vomica,  both  strychnin  and  hrucin  occur  in  the  cado^enn,  bnicin  alone  in  the 
embrvo. 

The  all^aloidal  content  of  plants  varies  considerably  accordinj;  to  the  climate,  culture 
ami  other  conditions,  Individu-al  planU  also  show  consirlcr.-ihIc  variation*  {Sirvers, 
10 1  j).  They  can  al^o  be  improved  by  sclccLivc  breeding,  although  Ibis  U  technically 
rather  dilTicult  (Sievers,  iijtfi). 

Some  alkaloids  contain  oxygen,  others  do  not.  Those  containing  ox>'gea  are  solid 
and  comnarativcly  non-volatile,  whereas  those  free  from  oxygen  (nicotin  and  coniio) 
are  Hquiii  and  volatile. 

Properties  of  .Alkaloids. — AU  alkaloids  have  certain  properties  in  com- 
mon: bitter  taste,  alkalinity  to  litmus,  nitrogen  reaction;  generally  pro- 
found physiologic  action,  without  poslniorlem  lesions. 

Solubility  Characters. — Free  alkaloids  are  soluble  in  ether,  chloroform, 
and  oils,  much  less  soluble  in  alcohol,  and  comparatively  insoluble  tn 
water.  Alkaloidal  salUs,  on  the  otJier  hand,  have  just  the  opposite  solu- 
bility: They  are  soluble  in  water  and  alcohol,  insoluble  in  chloroform  and 
ether.  With  the  alkaloidal  salts,  the  combined  acid  plays  a  prominent 
rdle  in  the  solubility. 

Frtcifntation  Reactions. — .Mkaloidal  salts  arc  precipitated  by  compound 
solution  of  iodin,  mercuric-potassic  iodid  (Mayer's  reagent);  phospho- 
molybdic  acid;  picric  acid;  gold  chlnrid,  platinic  cblorid,  etc.  Many  also 
precipitate  mercuric  chlorid,  potassium  bichromate,  tannin,  etc. 

Color  Reactions. — Many  alkaloids  give  characteristic  colors  with  con- 
centrated acids,  with  or  without  the  addition  of  oxidizing  or  reducing 
agents. 

Chemic  Constitution. — The  structure  of  many  alkaloids  is  well  under- 
stood; others  are  still  obscure.  The  greater  number  are  fairly  complex 
derivatives  of  pyridin  (coniin,  nicotin ) ;  pyrrolidin  (cocain,  atropin) ; 
quinolin  (quintn,  cinchonin,  strychnin,  brucin);  isn-quinolin  (hydrastin, 
narcolin,  cotarnin,  berberin);  morpholin  or  pkaiatUhrtn  (morpbin,  codein, 
the  bain). 

Neutral  or  Bitter  Principles. — ^This  class  comprises  a  heterogeneous 
collection  of  substances,  which  have  not  been  assigned  to  other  classes. 
The  principles  usually  have  a  bitter  or  sharp  taste,  and  are  usually  crys- 
talline and  non- nitrogenous.  A  number  are  'lactones,  i.e.,  derived  from 
alcohol-acids,  by  the  elimination  of  IlyO. 

Resins. — ^These  are  also  a  heterogencoiLS  collection;  including  solid, 
non-volatile,  amorphous  substances  of  obsctire  com[)osition,  generally  non- 
nitrogenous.  The  distinguishing  character  is  their  insolubility  in  water^ 
and  solubility  in  alcohol,  most  fat  solvents  (except  petroleum  ether)  and 
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Strong  alkalies.  The  resins  are  contained  in  special  vessels,  from  which 
they  are  usually  obtained  as  exudations  after  incising  the  plant. 

Mixed  Resms. — When  the  resins  occur  mixed  with  essential  oils,  they 
are  natural  oUoresins;  when  mixed  with  gums,  gum-resins.  If  they  contain 
aromatic  acids  (cinnamomic,  benzoic,  etc.,  or  essential  oils),  they  are  called 
balsams, 

Resinoids. — These  are  artificially  isolated  principles  soluble  in  alcohol 
and  insoluble  in  water.  They  are  generally  mixtures,  often  containing 
true  resins. 

Volatile  Oils  (Essential  Oils). — These  are  odorous  principles,  of  the 
physical  characters  of  fatty  oils,  from  which  they  differ  by  being  volatile 
and  soluble  in  alcohol.  They  are  responsible  for  the  odor  of  plants. 
Chemically,  they  are  mixtures  of  esters,  aldehyds,  alcohols,  ketones,  and 
e^>ecially  the  terpens  (Kremers,  1898). 

The  constituents  may  separate  on  cooling,  the  liquid  part  being  called  eUopten, 
the  solid  stearopten.  Camphors  are  analogous  substances,  but  solid  at  ordinary  tempera- 
ture.    Rubber  (caoutchouc  and  gutta-percha)  is  also  related  to  the  terpens. 

Plants  also  contain  many  other  alcohols,  aldehyds,  organic  acidsi 
aromatic  derivatives,  etc. 

Fats  and  Fixed  Oils. — Typical  fats  (esters  of  fatty  acids  and  glycerin) 
are  abundant  especially  in  seeds,  occurring  within  the  cells  as  drops  or 
crystals.  The  fats  are  greasy  liquids  or  soft  solids;  when  heated,  they 
undergo  decomposition,  denoted  by  acrid  acrolein  vapors.  They  are  in- 
soluble in  water  or  glycerin,  sparingly  soluble  in  alcohol,  and  freely  soluble 
in  ether,  chloroform,  benzin  (petroleum  ether),  carbon  disulphid,  turpen- 
tine, etc.  {Jai  solvents). 

Waxes. — These  are  more  solid  substances  with  the  solubility  charac- 
ters of  fats.  Chemically,  they  are  esters  of  fatty  acids  with  alcohols  other 
than  glycerin. 

Proteins. — These  are,  of  course,  represented  in  all  vegetable  cells,  but 
are  especially  abundant  in  seeds,  sometimes  as  crystals  (aleuron).  Several 
classes  of  the  proteins  are  peculiar  to  plants. 

Chlorophyl. — This,  the  green  pigment  of  plants,  is  insoluble  in  water, 
soluble  in  alcohol  and  fat  solvents.  It  is  allied  to  blood  pigment,  but  con- 
tains no  iron.    It  is  readily  changed  and  discolored  by  reagents. 

The  chlorophyl  occurs  in  the  cells  as  granules  (chloroplasts),  made  up  of  a  colorless, 
spongy,  protem  groundwork,  containing  in  its  meshes  the  chlorophyl  pigment.  The 
latter  consbts  really  of  a  mixture  of  green  and  yellow  colors  (chlorophyl  and  xantho- 
phyl).  These  chlorophyl  granules  are  found  mainly  in  the  higher  plants,  and  serve  in 
the  presence  of  light  to  assimilate  COt,  and  consequently  to  form  starch,  etc.  During 
the  process  of  drying,  especially  if  this  occurs  slowly,  the  pigment  is  acted  on  by  acids, 
etc.,  developed  under  these  conditions,  and  undergoes  various  changes,  usually  be- 
coming  brown. 

OHier  Pigments. — Plants  are  rich  in  colors,  belonging  to  various 
chemic  groups,  often  unidentified.  Many  alter  with  changes  of  reaction. 
The  brown  coloring  matter  of  barks,  etc.,  is  allied  to  the  tannins  and 
phlobaphens. 

&izjrmes. — Different  plants  contain  almost  every  imaginable  kind 
of  ferment,  a  few  being  used  in  medicine. 

Extractive  Blatter.' — This  term  is  applied  to  the  mixture  of  unidentified 
organic  constituents;  especially  to  the  colloidal  smeary  mass  which  remains 
after  evaporating  any  extract  from  which  the  important  constituents 
have  been  removed. 
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Mineral  Salts. — These  are  fairly  abun<iant  in  plants,  o^nstiluling 
the  ash  which  remains  on  incineration.    Ca  aud  K  arc  especially  important. 

Tlicsc  soJu  Mxm  to  be  cotnbim'd  targely  vnlh  the  protoplasm,  and  exist  partly 
dis&olvL-fl,  partly  as  crysb^s.  Grovrlng  iJ&^ues  arc  always  richer  iu  salts  ibun  thoac 
fully  developed. 


PHARMACEUTIC  STANDARDS 

Object s.^Pharmacy  deals  with  the  preparation  and  compounding 
of  drugs  for  the  purpose  of  administration.  It  has  for  its  objects  the 
separation  of  the  active  principles  of  drugs,  their  combination,  and  the 
putting  of  them  In  a  pleasant  form. 

Tlie  ITe«d  of  Ptumucy. — The  lu-ccssity  for  such  an  art  will  be  readily  understood. 

Drug^  may  be  divided  according  to  Uicdr  origin  into  miocral,  vegetable,  and  animal 
drugs.  The  last  two  arc  often  loo  liulitv  to  Iw  convcnirnlly  used,  and  Uic  substances 
which  determine  their  action  are  oflen  in  such  a  condition  tbat  Ihi*y  can  no:  n-adily 
be  separated  in  the  body,  and  so  can  not  develop  their  action.  Often,  one  drut;  alone 
docs  not  meet  all  the  indicntiuns  in  a  dist-a^e,  and  when  several  arc  given  it  is  necessary 
to  combine  them  in  such  a  way  that  they  may  not  Interfere  nith  one  another,  either 
chemically  or  mechanically.  Lastly,  having  chosen  and  prepared  the  drugs  in  a  proper 
manner,  and  hjiving  decided  how  to  combine  them,  it  is  hi);h1y  desirable  lo  give  them 
in  such  a  form  as  will  be  iea*t  objectionable  lo  the  taste,  smell,  or  sight  of  the  patient. 

Official  Drugs. — A  certain  degree  of  uniformity  in  the  strength  and 
preparation  of  pharmaceutic  products  is  absolutely  indispensable.  Ac- 
cordingly, practically  all  civilized  countries  have  standards  established 
by  law,  lo  which  drugs  and  preparation*^  in  the  shops  must  conform. 
The  book  in  which  these  standards  are  published  is  usually  called  the 
Pharmacopeia.  Preparations  listed  in  these  official  books  are  termed 
"official."  A  Pharmacopeia,  therefore,  is  an  official  book  of  standards 
for  official  drugs. 

Intematloiutl  Uniformity. — ^The  first  efTectJve  step  in  this  direction  was  taken  by 
the  Brusscl-s  Conference  of  1006,  the  "International  Conference  for  the  L'nifitation  of 
the  Formui.is  for  Potent  Medicines,"  This  Ciuifcrcinv  drew  up  a  list  of  the  potent  drugs 
for  which  unift>rmily  wa»  most  important,  and  established  standards  of  itrenjjth  for 
them  and  their  preparations.  Thi-5C  have  been  adopted  essentially  by  most  of  the 
dvilizrd  n.ilion3.  These  formulas  of  the  Conference  are  designated  as  "T.A."  (Intcr- 
aatioaal  .\greement)  by  the  B.F.;  as  "P.L"  (Protocol  International)  by  the  U.S.P. 

Scope  of  the  Pharmacopeias. — These  usually  aim  In  include  only 
"standard  drugs,"  i.r.,  those  oi  Lstablished  value,  including  some,  however, 
which  have  little  lo  recommend  them  except  extensive  use.  Proprietary 
drugs  are  generally  excluded, on  the  pica  that  it  might  be  difTicult  to  inforce 
their  compliance  with  the  official  standard.  There  is  also  a  healthy 
tendency  to  restrict  the  admission  of  complex  mixtures. 

Galenic  Preparations. — "Galenicals"  are,  strictly  speaking,  medicines 
prepared  after  the  formulas  of  Galen.  The  term  is  now  used  10  designate 
standard  pre  para  t  ion. i*  containing  one  or  several  organic  ingredients, 
as  contrasted  with  pure  chemic  substancea. 

Proprietary  Drugs. — Drugs  which  are  protected  by  a  monopoly — 
by  patenLs,  Irade  marks,  secrecy,  clc.^arc  generally  not  admitted  into 
the  pharmacopeias,  and  are  therefore  non-official.  They  are  thus  not 
subject  to  legal  control,  and  are  often  advertised  under  extra\-agant, 
misleading  and  false  claims.  However,  some  of  ihe  most  valuable  drugs 
are  proprietary,  and  many  arc  marketed  in  a  strictly  ethical  manner. 
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PfttMlt  Medicinfts. — This  term  is  used  to  cover  proprietary  dni^  that  are  advertised, 
directly  or  indirectly,  to  the  laity.  They  are  not  usually  patented,  as  the  name  would 
imply;  most  manufacturers  preferring  to  rely  upon  secrecy  to  impose  on  the  public. 
The  medical  profession  is  generally  opposed  to  patent  medicines  as  a  dass,  and  to  lay 
advertising  in  particular.  "The  impossibility  of  controllii:^  the  irresponsible  claims 
which  are  usually  made  in  advertisements  to  the  public,  the  well-known  dangers  of 
suggesting  by  descriptions  of  symptoms  to  the  minds  of  the  people  that  they  axe  suffer* 
iug  from  the  many  diseases  described,  the  dangers  of  the  unconscious  and  innocent 
formation  of  a  drug  habit,  and  the  evils  of  harmful  self-medication,  including  the  dangers 
of  the  spread  of  many  infectious  and  contagibus  diseases  when  hidden  from  the  physician, 
and  similar  well-known  considerations,  are  the  reasons  for  discouraging,  in  the  interest, 
and  for  the  safety,  of  the  public,  this  reprehensible  form  of  exploitation"  (N.N.R.). 

The  United  States  I^iannacopeia. — The  U.S.P.  DC  (ninth  revision)  was 
issued  in  September,  1916.  It  furnishes  mainly  the  standard  definitions, 
tests  and  formulas.     It  is  a  legal  standard. 

The  U.S.P.  was  first  published  in  1820,  and  is  revised  every  ten  years,  by  a  Pharma- 
copeial  Revision  Committee,  appointed  by  the  United  States  Pharmacopeial  Conven- 
tion, which  consists  of  delegates  from  pharmaceutical  and  medical  organizations. 
The  current  committee  of  revision  consists  of  50  members,  mainly  pharmacists,  and  is 
divided  into  15  subcommittees,  and  headed  by  an  executive  committee. 

The  British  Pharmacc^ia. — The  B.F.,  fifth  edition,  was  issued  in 
1914.     It  resembles  the  U.S.P.  in  scope  and  arrangement. 

The  B.P.  is  published  by  the  General  Medical  Council,  and  revised  at  irregular 
intervals. 

ITatioiial  Fonnolary  (NJ.)< — This  ts  a  collection  of  formulas  for  less  important 
preparations,  issued  by  the  American  Pharmaceutical  Association.  It  is  also  a  legal 
standard. 

New  tnd  Noa-<^icial  Remedies  (N.N^). — ^This  contains  descriptions  of  the 
characters^  actions  and  uses  of  those  proprietary  drugs  that  are  marketed  in  a  proper 
manner.  It  is  issued  by  the  American  Afedical  Association  and  revised  armually  by 
its  Council  on  Pharmacy  and  Chemistry. 

Diq>eii8atories. — These  are  commentaries  which  enlarge  and  explain 
the  official  texts,  and  generally  also  describe  unofficial  preparations. 
The  National  Dispensatory  and  the  U.S.  Dispensatory  are  principally 
used  in  the  U.S.  The  British  Pharmaceutical  Codex  (B.P.C.),  and 
Hager's  Praxis  are  similar  works. 

Useful  Drugs. — This  is  a  smalt  manual  issued  by  the  American  Medical 
.\ssociation,  which  contains  only  the  most  useful  drugs  with  such  informa- 
tion as  is  of  especial  interest  to  physicians. 

Physicians'  Epitome  of  U.S.P.  and  N.F. — This  is  another  A.M.A. 
publication,  giving  a  brief  but  critical  abstract  of  all  U.S.P.  and  N.F. 
preparations. 


PHARMACEUTIC  METHODS 

In  the  making  of  pharmaceutic  products  very  different  methods  must 
be  used,  depending  upon  the  physical  and  chemic  nature  of  the  crude 
drug,  and  upon  the  character  of  the  desired  product. 

These  may  be  roughly  classified  into  those  used  in  the  making  of  many 
different  preparations — general  methods — and  those  used  in  only  a  very 
limited  number  of  cases — special  methods. 

The  methods  can  be  best  understood  when  studied  in  the  order  in 
which  they  are  usually  applied  to  the  drug. 
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PREPARATORY  PROCESSES 

Desiccation  or  Drying. — This  is  usually  the  first  operation  to  which 
the  crude  drugs  are  subjected  after  their  collection.  It  serves  a  three- 
fold purpose:  It  reduces  the  bulk,  assists  presen'ation,  and  facilitates 
comminution. 

Formerly  the  dryioR  was  done  by  sprrading  or  hanging  the  drugs  in  airy  lofts.  At 
present  tlury  are  usually  placed  on  pcrfi>riit5d  trays  in  special  drying  closets  and  hca.tcd 
artiRriaDy  (steam,  etc.}.  They  arc  often  cut  into  ■imallcT  pkrce*  before  this  drying. 
The  degree  of  heat  mu<it  not  he  so  high  as  to  injure  the  sometimes  very*  unstable  in- 
gredients.    The  U.S.r.  designates  ja  to  ^q'C.  as  '"gentle  heat." 

Conuninution. — The  next  stqj  is  comminution,  or  reducing  of  the  sub- 
stance to  smaller  pieces. 

This  is  usually  done  by  machinery.  Crude  vegetable  drugs  are  first  sliced  or 
chopped,  often  before  drying.  They  are  then  bruised  by  pounding  in  a  raorlar  and 
finally  ground,  the  finer  grades  ol  powders  often  .si'veral  times,  the  grinding  surfaces 
being  brought  closer  tOf^ether  each  timr.  The  mill*!  for  tins  purpose  are  constructed 
on  the  same  general  principles  att  flouring  milU,  employing  stones,  rollers,  etc.  The 
detaiU  of  the  process  used  dcpeiui  up<jn  the  physical  character  of  the  drug.  A  fibrous 
material  like  bcoricc  root  requires  a  different  process  from  a  friable  substance  like  gum 
acacia. 

On  the  small  scale,  drug  mills,  constructed  more  or  less  on  the  principle  of  the  coffee- 
mill,  arc  used  for  librous,  and  mortar  and  pestle  for  friable  drugs.  Mortars  are  nude 
of  iron,  wedgewood,  porcelain,  and  glass. 

Pulverization  is  cummliiution  to  a  powder. 

Trituration  is  the  process  of  rubbing  (not  pounding)  a  substflnce  to  a 
powder  in  a  mortar. 

Some  points  deser\'e  special  mention.  Often  a  substance  will  not 
powder  by  itself,  but  will  do  so  when  mixed  with  another  substance — 
e.^.,  sugar  of  milk.  This  is  called  '"pulverization  by  intervention."  Some- 
times it  is  well  to  moisten  the  drug — e.^.,  camphor  with  alcohol,  nux 
vomica  with  steam,  etc. 

PincMCSs  of  Pmeder. — In  the  proceis  of  pcrcoUition,  presently  to  he  described,  it  is 
often  essential  to  use  a  powder  of  a  certain  degrtrc  of  tinene&s.  The  powders  are  there- 
fore sifted,  and  are  classtlkd  according  to  tiie  size  of  the  me»hct>  of  the  sieve  through 
which  they  pass,  thus: 

No.  80  =  80  iDCshes  to  linear  inch,  very  fine. 
No.  bo  =  tia  me^hen  to  linear  inch,  line. 
No.  50  -  moderately  fine. 
No.  40  s  moderately  coarse. 
No.  30  -  coarse. 

Since  the  different  structures  in  a  crude  drug  do  not  powder  with  equal  readiness, 
it  is  essential  that  the  whole  of  the  drug  to  be  powdered  should  Ix-  passed  through  the 
sieve,  cUc  the  di/Icrcnt  piirliiniN  will  n*»l  Imve  uie  same  compiwilion, 

I.evt|attOD. — ^Thb  is  employed  to  obtain  very  fine  powders  of  insoluble  substances, 
by  making  them  into  a  thick  paste  with  water,  and  rubbing  this  between  polished 
slabs. 

Blutriation  i%  used  to  separate  fine  insoluble  powders  by  suspending  them  In  water 
and  decanting. 

PROCESSES  OF  SEPARATION 

For  the  separation  of  the  desired  ingredients  from  the  inert  material 
three  methods  are  in  vogue,  depending  upon  the  nature  of  the  active  con- 
stituents. If  volatile  constituents  arc  to  be  separated,  this  may  be  readily 
done  by  the  applUation  of  heat — distillation  and  sublimation.    H  they 
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are  not  volatile,  the  separation  is  usually  effected  by  exposing  the  drug 
to  the  action  of  some  sulvfiU  in  which  the  desired  principles  are  soluble, 
and  the  rest,  as  far  as  may  he,  are  insoluble.  In  certain  cases  some 
mechanical  means  are  sufficient,  as  in  the  separation  of  fixed  oils  from 
seeds,  etc.,  by  pressure:, 

Sepftratioa  by  Means  of  Heat— This  may  be  done  whenever  the  sub- 
stances to  be  separated  have  a  different  boiling-point,  and  are  not  them- 
selves destroyed  by  tlie  necessary  degree  of  heat.  The  methods  used 
must  vary  according  to  whether  the  fixed  or  the  volatile  portion  is  desired, 
and,  if  the  latter,  according  to  whether  it  is  liquid  or  solid. 

Desiccation,  Torrefaction,  CarbonizatioD,  Ignition.— With  all  these, 
the  object  is  to  drive  off  some  volatile  constituent  from  a  solid,  the  fixed 
residue  being  the  pwrtion  desired. 

When  the  heat  employed  is  of  such  degree  as  not  to  change  the  chemic 
composition^  the  process  is  spoken  of  as  desucation.  • 

Torrefaction. — The  procefA  of  roasiing;  the  object  being  to  employ  such  n  degrer 
of  hcttl  a»  will  ailrr  some  of  the  conatituenta  without  affecting  others.  The  roastinx 
of  ooffce  is  a  familiar  example. 

Curfr«»»iKdliOTt.— The  healing  of  orsaaic  substances  uoder  exclusion  of  air.  The  ob- 
ject u  ti>  destroy  the  chemic  compositiun  without  oxidation;  carbon  results  in  ihe  pro- 
«W  (vegetable  or  animal  charcoal). 

t(itiiiaii. — ThU  u  the  procc&s  of  heating  a  substance  stron^y.  usually  in  a  crucible, 
whh  faQ  access  of  air,  >o  as  to  effect  complete  oindation;  DOlhing  but  the  ashes  remain. 

Evaponttion  consists  in  vaporizing  the  solvent  from  a  solution,  the 
object  being  the  concentration  of  (he  dissolved  substance. 

Since  the  rapidity  of  the  evaporation,  aside  from  the  quantity  of  heat  applied, 
depends  upon  the  extent  d[  the  liquid  exposed  to  the  air  and  to  the  beat,  dishes  as  flat 
M  puuible  are  chasen.  For  urdin^iry  pharmaceutic  and  chemic  purposes,  those  made 
of  porceUin  are  of  moat  frequent  service.  Vc«cU  made  of  glass,  iron,  platinum,  etc., 
find  application  in  special  cases.  The  heat  mav  be  applied  directly,  say  by  means  of  a 
Bumen  flame,  only  a  piece  of  wire  gauicu  ur  a  plate  of  asbestos  or  iron  bring  interposed- 
This  method  can  be  u^cd  only  nben  there  is  no  danger  of  injuring  the  solution  by  exces- 
sve  heat,  either  the  substance  being  incapable  uf  change,  or  the  solvent  sufficient  in 
■laount  so  that  the  temprraiure  can  out  n.se  murh  beyond  its  botling-point.  If  this  h 
not  the  case,  some  method  muiit  he  used  of  regulating  the  amount  of  heat  applied,  and 
this  is  done  by  appl>'ini;  (he  ht-at  indircrtly  through  a  bath.  This  consists  of  an  outer 
Tcsoel  filled  with  water  fstcanj).  nil,  ?and.  or  .tir. 

Tlie  rapidity  of  evajjomlinri  may  be  considerably  inrreai«ed  by  slirrin^,  thus  exposing 
aooQStantly  renewed  surface  to  the  air. 

In  cues  where  the  evaporation  must  be  carried  on  at  a  temperature  below  the  boiling- 
point  ai  the  solvent,  thid  may  be  done  either  by  evaporation  over  H^SOt,  or  In  a  vacuum, 
or  hj  passing  a  current  of  dried  air  through  the  hquid. 

The  cvaporatiiin  which  occurs  from  the  surface  of  aliquid  exposed  to  air  at  ordinary' 
tcnperaturc  is  called  "surface  etapcratiott."  It  varies  in  quantity  with  the  nmuunt  of 
Mfface  exposed  and  with  the  temperature  and  dn,'nc:ss  of  the  air. 

Wheo  very  inflammable  linuirls  rpiht-ri  are  bcinR  evaporated,  this  should  be  done 
4B  a  Urge  water. bath,  and  the  Uunsen  flame  should  be  protected  by  wire  gauze. 

Snbtimation. — The  process  of  separating  a  volatile  from  a  non-volatile 
iolid  by  heat. 

This  may  be  done  in  a  distilling  apparatus,  provided  that  the  cooling 
tube  has  sufficient  lumen  to  prevent  its  clogging  by  the  condensation 
d  tbe  sublimate.  The  apparatus  is,  however,  usually  modified.  .\ 
simple  illustration  of  this  process  is  the  old  method  of  manufacturing 
benzoic  .uid  fmm  gum  benzoin,  a  paper  hood  being  used  as  condenser. 

DistiUation.^ — The  process  of  separating  a  volatile  liquid  from  a  less 
volatile  liquid  or  solid.     (The  difference  between  sublimation  anddJslilla- 
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tion  conasts  in  this,  that  the  producrt  is  sdGd  in  the  ftxmer.  liquid  in  the 
latter.  J 

Altbough  distjllstioo  is  such  a  ready  and  qmpl^  w*^*!**  ot  separatioD  th&t  one 
would  think  it  must  have  been  disctn'ered  at  a  vay  caily  time,  such  docs  not  appear  to 
have  been  the  case.  We  find  the  first  record  of  it  in  the  writiogs  of  the  fourth  tentuiy 
alchemists. 

The  typical  a[^>aratus  used  for  distillation  consists  ctf  three  parts. 
The  siUl  (retort  or  flask),  the  vessel  in  wiiich  the  \'apor  is  genoated. 
The  condenser  (stnu^t  or  spiral),  the  apparatus  in  which  the  \-apor  is 
cooled. 

The  receiver f  for  receiving  the  condensed  product. 

The  alembic  is  the  old-time  still,  and  differs  from  the  retort  in  ha\-ing  a  chamber 
(helm  or  hood)  where  the  vapor  is  partly  condensed.  By  fitting  the^hdm  on  the  body 
with  a  flange  joint  a  very  wide  opening  can  be  secured,  which  is  of  use  in  cleaning. 

Pradionai  distillation  is  the  process  of  separating  a  miztnre  of  liquids  of  different 
boiling-points  by  distillation. 

Destructive  distillation  is  the  name  applied  to  tfie  process  of  heating  a  substance  so 
strongly  as  to  decompose  it,  and  collecting  the  volatile  products  arising  from  this  de- 
composition:  i.e.,  in  the  case  of  orgamc  b«>dies,  tar. 

Solution. — This  consists  of  incorporating  a  solid  into  a  liquid  in  a  state 
of  "molecular  subdivision." 

That  is,  the  molecules  of  the  solid  diffuse  themselves  in  the  liquid  and  become  so 
widely  separated  that  no  solid  particles  are  by  any  means  discernible.  In  other  words, 
the  Holid  m  liquefied  and  its  molecules  intermingle  with  those  of  the  solvent. 

A  simple  solution  is  one  occurring  in  the  manner  described,  the  change  in  the  solid 
being  phyKical.  When  a  chemic  change  takes  place,  the  process  is  called  ckemtc  sotmtio» 
(ftuch  as  the  Holution  of  a  metal  in  an  add). 

A  solvent  is  capable,  under  given  conditions,  of  dissolving  but  a  limited  amount  of 
A  given  solid.  A  solution  which  contains  as  much  of  the  solid  as  the  liquid  can  dissolve 
undiT  thcHe  conditions  is  called  a  saturated  solution.  The  condition  which  has  the 
ftreAleftt  influence  upon  solubility  is  the  temperature.  A  liquid  can  usually  dissolve 
thn  m»Te  of  the  solid,  the  higher  the  temperature.  There  are,  however,  a  few  exceptions 
U*  thin  rule. 

If  a  milution  saturated  at  a  high  temperature  is  allowed  to  cool,  the  originally  dis- 
M>lvrd  HtibHtuncc  will  be  in  excess  of  saturation.  Under  certain  conditions  it  may  still 
rriiinlri  In  milutinn  at  the  lower  temperature,  this  being  a  supersaturated  solution. 
(  Jr'lliiarity,  li(>W4!v«-r,  the  excess  will  separate,  usually  in  crystalline  form.  This  process 
|«  I  nlird  ify\liitlisitli<>n.     It  in  frequently  used  as  a  means  of  purification. 

A  Mttitliiin  which  lontains  less  of  the  solid  than  it  is  capable  of  dissoK'ing  is  an  un- 
Mndirittril  ■olnllon.  A  Holution  which  is  saturated  with  one  substance  is  still  capable 
i.(  illaMilvliiK  I'thrrN,  tliciuKh  not  as  much  as  if  it  were  the  pure  solvent. 

Siitiilion  Ih  rdri'trd  liy  placing  the  solvent  in  contact  with  the  substaiux  to  be  dis- 
■4*lvr<l,  'Mir  prncfNn  niny  !»■  hastened  by  applying  heat,  or  by  exposing  the  largest 
|ri><*"iblr  Bill  (art!  (u  thr  lulidn  of  the  solvent.  The  latter  may  be  done  by  using  the  sub- 
■  litiKt'  It)  It  |iulviTl/.n|  I'oiidition,  and  by  constant  stirring.  With  circulatory  sottiium 
I  Ihi  Bul'xiiirii  ('  U  niin|irriilr(l  m-ar  the  surface  of  the  solvent.  As  this  takes  up  the  sub- 
•  IrtHii',  Ir  unliit  III  ii|iniru'  gravity,  and  hence  sinks  to  the  bottom,  a  new  portion  of 
||i|iilil  trtkliiK  111  |itmf  .  Tiu-  siimK  object  may  be  secured  by  a  process  analogous 
(It  |<MiiitiHloii,  the  powikr  bring  placed  in  a  funnel  partly  ocduded  by  a  pledget  of 
I  itllMii.  i>ti  .  iiihI  Oil*  lohriil  itllowvd  to  percolate  through  it, 

I  ho  >>lhi|ttt>  MoliMlon  of  »  siibHtunce  always  causes  a  depres^on  of  temperature. 
Ilttf  I'  ■!  <  hriiili  I  tiitiiHo  o4Vtir<4,  tile  temperature  may  be  raised. 

riih  pMit  (■«»  ii(  dilution  upplicd  to  crude  drugs  has  for  its  purpose  the 
H«iiiiiiiiliMii  iif  ilic  lulivi'  iiiKft'dientH  from  the  insoluble  inert  material. 
'I'lic  I'litttl  li  III  iJliMilvr  mil  llu-  greatest  possible  amount  with  the  least 
|iii>t>tll<li'  hirhahmiin.  This  lUTomplishes  two  results:  We  obtain  a 
■Ut'XM  t'«l)'M  I,  itntl  wt'  wuhU'  neither  drug  nor  menstruum.    There  are  a 
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number  of  methods  of  accomplishing  this,  each  with  its  advocates.  They 
are  combinations  of  two  extremes :  maceration  and  percolation.  Neither 
of  these  is  commonly  used  alone  in  this  country,  the  practice  being  to  com- 
bine the  two. 

BCaceration  is  by  far  the  simpler  process.  It  consists  in  simply  leaving 
the  solvent  in  contact  with  the  drug  under  suitable  conditions  for  a  suffi- 
cient length  of  time. 

When  maceration  alone  is  employed,  a  given  quantity  of  the  dnig  is  put  in  a  bottle 
or  other  suitable  vessel  with  a  definite  proportion  of  the  solvent  (called  menstruum) 
and  left  a  certain  time,  usually  a  week  or  two.  The  liquid  is  then  strained  oS,  the  residue 
(marc)  is  expressed  and  the  mixed  extract  filtered.  The  details  of  the  process  are 
influenced  by  the  fineness  of  the  powder,  the  time  of  maceration,  and  the  temperature. 

Different  names  are  ^ven  to  the  process  according  to  the  temperature  at  which  i( 
is  carried  out  Maceration  proper  =  room  temperature;  30"  to  4o''C.  =»  digesUon: 
boiling  ==  decoction.  Possible  injury  to  some  constituents  by  heat,  or  evaporation  o{ 
a  constituent  or  of  the  solvent,  are  objections  to  the  application  of  heat  in  certain  cases. 

This  process  of  maceration  is  the  one  almost  excLusively  employed  in  Europe;  and 
it  offers  certain  advantages,  not  the  least  being  its  simplicity  and  the  constant  results 
which  it  gives.  Its  main  disadvantages  are  the  required  time  and  the  loss  of  the  extract 
retained  in  the  insoluble  residue  or  "marc."  Certain  drugs  are  physically  unfit  for 
percolation,  since  the  moistening  causes  them  to  form  into  a  tough  mass,  as  good  as 
impenetrable  to  the  solvent. 

The  loss  of  menstruum  does  not,  of  course,  weigh  when  an  aqueous  solvent  is  used 
and  only  small  quantities  are  prepared.  Hence  maceration  is  used  in  making  infusions 
and  decoctions. 

Peicolatioa  consists  in  passing  a  solvent  through  a  thick  layer  of  the 
powder  to  be  exhausted.  This  exposes  a  large  surface  of  the  latter ;  the 
nearly  saturated  solvent  flows  off  and  fresh  unsaturated  portions  contin- 
uously replace  it,  insuring  very  rapid  solution. 

The  principle  of  the  method  is  to  pack  the  powder  into  a  tall  vessel, 
with  an  opening  at  the  bottom,  and  to  let  the  solvent  trickle  through  it. 
Usually  the  process  is  combined  with  a  short  previous  maceration. 

The  U.  S.  Pharmacopeia  defines  percolation  as  consisting  in  "subjecting  a  substance 
or  a  mixture  of  substances,  in  powder,  contained  in  a  vessel  called  a  percolator,  to  the 
wivent  action  of  successive  portions  of  a  certain  menstruum,  in  such  a  manner  that 
the  liquid,  as  it  traverses  the  powder  in  its  descent  to  the  receiver,  shall  be  charged  with 
the  soluble  portion  of  it,  and  pass  from  the  percolator  free  from  insoluble  matter." 

The  details  are  as  follows: 

The  powder  (the  fineness  of  which  depends  upon  the  nature  of  the  drug  and  is 
directed  for  each  case  by  the  Pharmacopeia)  is  moistened  10  a  jar  with  some  of  the 
menstruum.  This  moistening  is  for  the  purpose  of  swelling  the  drug,  for  if  this  took 
place  in  the  percolator,  the  drug  would  become  so  firmly  impacted  that  the  menstruum 
could  not  penetrate  through  it;  or  it  could  even  burst  the  percolator.  The  moistened 
powder  is  then  passed  through  a  coarse  ^eve  and  transferred  to  the  prepared  percolator, 
which  it  should  fill  about  two-thirds. 

The  choice  of  the  shape  of  the  percolator  depends  upon  the  nature  of  the  drug. 
Should  the  drugs  have  a  tendency  to  swell  particularly  if  they  are  in  fine  powder  or  if 
weak  alcohol  menstruum  is  used,  a  conical  percolator  is  employed;  otherwise,  the 
cylindrical.     The  size  corresponds  to  the  quantity  of  the  powder. 

Arrangement  of  Percolator. — The  percolator  is  prepared  in  the  following  manner 
(Fig.  i):  Into  the  small  end  there  is  inserted  a  cork  perforated  by  a  short  glass  tube 
which  projects  about  i  cm.  inside  the  percolator.  The  outer  end  of  this  tube  is  attached 
to  a  piece  of  rubber  tubing,  about  one-fourth  longer  than  the  percolator,  and  this  to  a 
U-shaped  glass  tube.  This  is  held  to  the  percolator  by  a  rubber  band  in  such  a  way 
that  it  can  be  raised  and  lowered.  The  percolator  is  then  set  In  the  stand.  A  pledget  of 
absorbent  cotton  is  loosely  packed  in  the  neck  of  the  percolator  and  thb  is  covered  by 
t  layer  of  clean  sand,  and  over  this  goes  a  well-fitting  disk  of  filter-paper.  Then  the 
moistened  drug  is  pressed  in — and  this  is  the  part  of  the  process  which  requires  the 
greatest  skill  and  judgment,  and  on  it  depends  the  success  of  the  product.  It  should  be 
done  very  evenly,  else  the  menstruum  will  choose  the  path  of  least  resistance  and  some 
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portions  of  the  puwder  will  be  entirely  exhausted  whilst  others  are  still  scarcely  ailected. 
The  firmness  of  ihe  packing  h  aUo  of  great  importance;  if  not  firm  enough,  the  men- 
struum will  run  tlirough  tixi  rapidly  and  the  percolate  will  consequcnll}-  be  weak.  If 
too  firm  it  can  not  run  ul  all;  and  if  any  swdling  fiirurs  the  pi^rcolator  will  l*e  broken. 
DruRs  in  coarse  powder  should  be  packed  more  lirmiy  than  fine  powders.  An  alcoholic 
menstruum  requires  firmer  packing  than  a  tvntery  une. 

The  packing  being  n.>inpleted,  the  merstruum  i*  poured  on  until  it  stands  an  inrli 
or  two  above  the  drug;  the  percolator  is  then  covered  and  set  aside  (or  maceration 
for  A  spedticd  time,  the  tube  being  rjiisi-d  so  that  no  liquid  flaws  out.  A^Tien  the  time 
of  maceration  is  completed,  the  tube  is  lowered  and  fixefl 
at  such  a  level  that  tiie  oulllow  occurs  at  the  rate  of  2  to 
15  drop^j  per  minute.  New  menstruum  is  poured  on  in 
the  measure  that  the  old  lion's  ouL  Care  should  be  taken 
always  to  maintain  the  layer  of  liquid  above  the  powder; 
else  cracks  may  appear  in  the  latter,  necessitating  re- 
packing. 

The  proceMi  is  continued,  in  the  ca»e  of  tinctures,  until 
a  certain  volume  of  percolate  is  obtained.  The  quality  of 
the  perculate  will,  of  course,  depend  upon  the  care  and  skill 
of  the  operator,  and  the  product  is  apt  to  var>".  Macera- 
tion would,  therefore,  be  a  belter  proceiis  for  tinctures. 
This  difficulty  is  avoided  in  the  case  of  extracts,  for 
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here  the  percolation  is  cvntirucd  "until  the  drug  is  ex- 
hausted; i.f.,  until  the  active  ingredients  have  become 
coraplelcly  dissolved  out.  This  is  recognized  b_y  testing 
the  Ia.sl  portions  of  the  percolate  in  the  approjiruite  man- 
ner, such  as  Mayer's  reagent  for  alkaloids,  water  for  resins, 
etc.  It  may  here  bt;  remarked  that  a  drug  is  usually 
more  rapidly  exhausted  of  its  active  ingredients  tlian  ot  its  coLoring-matter,  so  that  the 
last  portion*  of  percolate  may  be  colored  and  Vfl  devoid  of  activity. 

th<  tluiice  ojd  mcmtntum  must  be  determined  by  the  nature  of  the  constituents.  The 
object  is,  to  extract  alt  the  active  inRrcdients  and  the  minimum  ot  inactive.  Alkaloitts 
and  Tpsins  require  strong  alcohol;  gums,  weak  alcohol;  Ucorice,  alkaline  alcohol:  san- 
Buinaria  and  ergot,  acidified  alcohc^;  gentian  and  quassia,  water  plus  alcohol  enough  to 
keep. 

Phaimaceutic  Solvents.^The  mwX.  useful  arc  the  following: 

Water  or  Glycerin. — Dissolve  salts  (including  those  of  alkaloids), 
sugar,  gums,  tannin,  acids,  and  aUcalie.*^,  etc. 

Dilute  Acetic  Acid. — Especially  for  alkaloids. 

Alcohol. — Dissolves  alkaloidal  sails,  neutral  principles,  resins,  volatile 
oils.     Precipitates  gums  and  most  inorganic  salts. 

ElhfT,  Chloroform,  Acetone. — Dissolve  free  alkaloids,  neutral  principles, 
resins,  volatile  and  fixed  oils,  and  fats. 

Petroleum  Bettzin. — Solvent  properties  as  the  preceding,  except  resins. 

AromatU  Spirits  of  .immoniu. — Dissolves  resins  and  organic  acids. 

In  the  case  of  very  velatUz  men^ruo,  such  a^  ether,  chloroform,  or  petroleum  elhcr, 
some  means  mu$t  be  employed  to  collect  and  return  the  evaporated  solvent.  One  of  the 
best  apparatus  of  this  kind  is  the  familiar  Soxhiet  extractor. 

Expression.^The  process  of  separating  a  liquid  from  a  solid  by 
pressure. 

Its  principal  employment  in  pharmacy  is  for  the  recovcr>'  o(  tinctures  from  Ihe 
"marc,  '  i.e..  the  liquid  retained  by  the  drug  residue  after  maceration  and  [lertolatiun. 
It  is  also  a  process  of  separating  fixed  oils. 

The  drug  is  put  in  a  coarse  strong  cloth  and  subjected  to  pressure  in  a  press.  These 
are  of  various  patterns;  screw,  lever,  hydraulic,  or  centrilugal.  The  pressure  must 
be  applied  gradually  to  prevent  the  bursting  of  the  cloth.  Small  quantities  can  oflm 
be  pressed  jutiicicntly  by  putting  them  into  a  cloth  and  tighlly  Imsting  the  end. 

Straining  or  Colation. — The  process  of  separating  solid  coarse  particles 
from  a  liquid  by  pouring  it  through  a  cloth  or  strainer. 
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FUtratkm. — The  process  of  separating  solid  particles  (fine  or  coarse) 
from  a  liquid  by  pouring  it  through  a  finely  porous  material,  such  as 
filter-paper. 

The  usual  material  for  filtration  is  pure  unsized  paper,  "filter-paper,"  which  is  made 
of  various  grades — white  and  gray — and  of  varying  texture  and  thickness  according  to 
the  purpose  for  which  it  is  to  be  used. 

There  are  two  principal  methods  of  folding  a  filter — plain  and  plaited.  These  two 
filters  have  different  uses.  The  plaited  filter  offers  a  much  larger  surface  for  filtration 
and  is  therefore  more  rapid;  it  is  the  form  usually  employed  in  pharmacy.  The  plain 
filter,  on  the  other  hand,  facilitates  washing  and  removal  of  the  precipitate,  and  is  of 
more  frequent  use  in  chemistry. 

Other  materials  are  sometimes  employed  instead  of  paper.  A  very  useful  filter  for 
large  quantities  of  liquid  is  made  from  felt.  A  plug  of  glass-wool  or  asbestos  placed  in 
the  tube  of  the  funnel  is  especially  useful  for  strong  acids  or  alkalies.  A  cell  of  porous 
day  is  also  employed,  as  in  the  various  forms  of  the  Chamberiand  filter.  With  this 
a  vacuum  is  indbpensable. 

Dialysis. — This  is  sometimes  used  to  separate  crystalloids  (alkaloids, 
salts,  etc.)  from  colloids  (extractives). 

Decolorizatioa. — It  is  often  desirable  to  remove  the  coloring<matter  from  a  solution. 
This  may  sometimes  be  accomplished  by  choo^og  appropriate  solvents.  More  often, 
however,  the  solution  is  filtered  through  recently  calcined  animal  charcoal.  This  very 
often  retains  some  of  the  active  constituents  as  well  as  the  coloring-matter. 

Clariflcatioit. — ^The  process  of  rendering  turbid  mixtures  clear  and  transparent,  by 
removing  the  suspended  solid.  When  filtration  does  not  suffice,  the  object  is  accom- 
plished by  agitating  the  mixture  with  insoluble  powders  (talcum,  phosphate  of  lime, 
aluminum  hydrate)  or  by  adding  egg-albumen  and  boiling;  or  sometimes  by  the  cen- 
trifugal machine. 

Sterilization. — The  destruction  of  bacteria  and  their  spores  is  accom- 
plished by  the  various  customary  methods. 

Glass  and  meial  utensils  maybe  sterilized  by  dry  heat  of  160  to  I70°C.  for  two  hours; 
by  superheated  steam  of  115  to  i2o°C.  for  fifteen  minutes;  heating  in  a  current  of  steam 
for  thirty  minutes  or  boiling  for  fifteen  minutes,  especially  in  o.  i  per  cent,  sodium  bicar- 
bcMiate.     Kills  all  non-spare-bearing  organisms.  , 

Solutions  that  are  not  readily  decomposed  by  heat  may  be  boiled  in  a  current  of  steam 
for  one-half  or  better  one  hour. 

Solutions  that  are  readily  decomposed  by  heat  are  either  prepared  aseptically  or  filtered 
through  porcelain. 

Emulsions  in  glycerin  or  oil  are  prepared  aseptically,  the  solvent  being  first  sterilized 
by  heat. 

PHAItKACEUTIC  ASSATING 

Different  samples  of  vegetable  drugs  may  vary  widely  in  the  quantity  of  active 
constituents  which  they  contain.  These  variations  are  most  undesirable  from  a  thera- 
peutic standpoint,  especially  when  they  occur  in  potent,  so-called  "heroic"  drugs. 
Inorganic  drugs  or  other  definite  chemic  compounds  are  not  subject  to  this  variation; 
but  in  many  cases  the  removal  of  the  last  traces  of  innocuous  impurities  would  greatly 
increase  their  cost  without  adding  to  their  therapeutic  usefulness.  The  pharmacopeia 
has  therefore  aimed  to  furnish  quantitative  methods  of  estimation,  assays,  wherever 
possible,  and  to  establish  practical  standards  to  which  medicinal  substances  must 
conform.  With  Tnorganic  drugs,  it  states  the  largest  permissible  quantity  of  innocuous 
impurities  (usually  less  than  2  per  cent.).  With  crude  vegetable  drugs,  it  states  the 
lowest  permissible  percentage  of  active  ingredient,  wherever  practical  methods  for  their 
deterrmnation  are  available.  Assayed  galenic  preparations  are  directed  to  be  diluted 
so  as  to  contain  a  definite  proportion  of  active  constituents,  corresponding  to  the 
minimum  permitted  in  the  crude  drug.  These  preparations  should  therefore  be  pre- 
ferred to  the  crude  drug  whenever  accurate  dosage  is  desired. 

The  assay  of  inorganic  drugs  involves  the  well-known  methods  of  ordinary  quan- 
titative analyas,  volumetric  processes  being  preferred.  Special  tests  are  furnished  for 
determining  the  permissible  limits  of  accidental  impurities,  and  the  presence  of  harmful 
substances,  such  as  metals. 
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A  scries  of  volatile  oils  are  A&saycd  far  Uicir  most  important  ingredient.     FaU  iDdi] 
fixed  oils  are  tested  for  their  "iodin  abM>rpLion"  and  "saponification  valacs;"  resfni 
(or  the  "acid  number;"  some  vegetable  pnKlucts  for  their  ash.     These  tests  serve 
maitily  for  identitication  and  the  cxcludon  of  vi-illful  adulterations. 

Pepsin  is  aisayt'd  for  its  di^fstive  |K>wer  fur  protidna,  pancrealin  for  starch.     la, 
resirKiUi  dniRS,  such  as  Jalap,  Scanrimony,  or  Guaiac,  the  ppopiirtian  of  ether-  or  alcohol- 
soluble  maltc-r  is  determined. 

The  must  Important  cUsa  of  assays  refers  to  drugs  containing  alkaloidai  principles, 
utilizing  the  method  of  immiscible  solvents,  as  in  tosicolopic  analysis.  This  rests  on 
the  fact  that  free  alkaloids  are  scncrally  soluble  in  chlornforin  or  ether,  whilst  their  aalts 
are  insoluble  in  these,  but  soluble  in  water.  In  principle,  aJIcaitMda  arc  extracted  by 
chloroform  or  ether,  or  a  mixture  of  both,  in  alkaline  reai-tioD.  This  solution  is  theaj 
shaken  in  a  separator  with  acidulated  u-atrr,  u'hich  converts  the  alkaloids  into  salti  and'< 
duAoIves  them,  leaving  the  impurities  behind.  For  further  purification,  the  watery 
solution  is  again  rendered  alkaline  and  extracted  with  chloroform  or  ether.  ThU, 
on  evaporation,  leaves  the  fairly  pure  alkaloid  which  may  be  weighed;  or  titrated*,  by 
dissolving  it  in  a  known  amount  of  acid,  and  tilniling  back  with  alkali.  Each  cubic 
centimeter  of  atid  corresponds  lo  a  definite  t|uantity  of  each  alkaloid.  It  is  important 
to  obscr\'c  the  directions  minutely  to  obtain  reliable  results.  The  process  for  extracts 
and  (lui (lex tracts  differs  merely  in  details  (the  percolation  lunng  omitted,  etc.).  Tinc- 
tures are  first  concentrated  by  cvajioration. 

This  method  estimates  the  sum  of  all  the  alkaloid-t  present  in  the  drug,  and  suffices 
when  the  important  one  predominates  very  largely  over  the  others.  When  this  is  not  the 
case,  it  ui  necessary  to  continc  the  assay  to  the  particular  alkaloid  desired,  generally  a 
very  difHcult  matter.  In  Hydr.i;<.iis,  advantage  is  taken  of  the  companilively  greater 
solubility  of  hydrastin  in  cihcr;  in  Opium,  of  the  comparative  insolubility  of  the  morphio 
in  this  solvent.     In  Xux  Vomita.  the  brucin  is  removed  by  o<cidizinK  it  with  nitric  acid. 

Bia-Assay. — Drugs  which  depend  for  their  actiWty  on  neutral  principles  arc  un- 
fortunately unsuitable  for  chemic  assay;  there  being  no  reliable  rhcrnic  method  for 
estimating  the  consUluenU  of  Apocynum,  Cannabis  Indica,  Convallaria,  DiKitatif, 
t^rgot,  Scdta,  etc.  Attempts  have  been  made  to  supply  this  deficiency  by  physiologic 
stAndiirdizatioD — estimating  the  strength  of  a  preparation  by  comiwring  ils  effects  on 
animaU  with  those  of  a  standard  product.  A  >ust  fatal  dose  is  generally  the  best  cri- 
terion for  quantitative  work.  Individual  diffcrencci  of  susceptibility  and  absorption  in 
different  animals  can  he  largely  eliminated  by  using  an  extensive  series  of  animals. 
The  e\i>cn4c  and  lalior  i*  scarcely  w.T,rranied  by  the  results,  except  in  a  very  few  case*, 
for  instance  with  Digitalis.  Qualitative  phj-siologic  tests  of  drags  of  verj-  uncertain 
activity,  such  as  Cannabis  Indica  or  Ergot,  are  more  simple.  The  U.S.r.  describes  the 
most  important  bio~a5says,  but  leaves  their  employment  optional  with  the  ^nufactuier 
(except  111  the  case  of  Cannabis). 


CLASSES  OF  PHARMACEUTIC  PREPARATIONS 

The  pharmaceuticals  are  gruupt.-d  into  certain  definite  classes,  estab- 
lished by  long  usage,  such  as  Waters,  Spirits,  Tinctures,  Extracts,  Pil!s, 
Plasters,  Ointments,  etc.  The  student  should  learn  to  distinguish  clearly 
between  these  preparations,  according  to  the  defliulions  given  below. 

WATERY  SOLUTIONS 

These  include  the  Waters,  Liquors,  Mucilages  and  Syrups.  Their 
advantage  lies  in  the  fact  that  water  is  a  cheap  solvent  of  very  wide 
applicability,  itself  devoid  of  any  therapeutic  property.  In  the  case  of 
substances  which  are  insoluble  in  it,  it  can  not  of  course  be  employed. 
The  greate<it  drawback  lies  in  the  fact  tliat  waterj'  solutions  of  organic 
substances  lend  to  spoil  rapidly  by  the  development  of  bacteria  and  infu- 
soria. Solutions  of  chemic  substances  are  less  subject  to  this  change,  as 
they  do  not  furnish  a  pabulum,  and  arc  often  themselves  antiseptic. 

Aqua,  Waters  (singular,  Aqua;  abbreviated,  Aq.).~Clear  aqueous 
solutions  of  volatile  substances.  Two  ver>'  dissimilar  classes  of  prepara- 
tions come  under  this  heading: 
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Asput  Aromaticfle,  Aromatic  WaterSf  U.SJ*.  (Flavored  Waters).— 
Saturated  solutions  of  volatile  oils  (Aqua  Cinnamomi,  etc.).  These  are 
alone  included  under  Aquse  in  the  B.V.  They  are  prepared  either  by 
distilling  the  plant  or  oil  with  ^ater  (B.P.);  or  by  triturating  the  oil  with 
an  absorbent  substance  (talc,  etc)  until  it  is  finely  subdivided,  and  then 
extracting  this  with  water. 

The  quantity  of  active  substance  in  them  is  just  large  enough  ' 
to  give  them  a  pleasant  flavor  without  imparting  to  them  any  noticeable 
therapeutic  properties.  The  absence  of  alcohol  makes  them  good  sol- 
vents for  salts,  which  are  generally  insoluble  in  this  liquid.  Hence  their 
main  use  is  as  a  pleasant  vehicle  (a  vehicle  being  the  substance  which 
serves  for  the  conveyance  of  another  substance). 

The  dose  of  flavoring  waters  is  practically  unlimited  (15  c.c,  4  drams, 
U.S.P.);  except  Aqua  Amygdelse  Ainarse,  4  c.c. 

Waters,  as  a  rule,  do  not  keep  well.  Their  keeping  qualities  may  be  improved  by 
adding  to  them  some  of  the  oil  of  which  they  are  solutions.  This  floats  on  the  surface, 
mod  in  this  way  excludes  air  and  bacteria,  and  at  the  same  time  insures  permanent 
saturation. 

The  second  class  of  Waters  (included  under  Liquores  by  the  B.P.)  are 
fairly  strong  solutions  of  gases  (ammonia,  etc.)  prepared  by  passing  the 
gas  into  water.    Their  doses  are  relatively  small. 

Liquores  (Liquor,  Ltq.) ;  Solutions. — Aqueous  solutions  of  solid  chemic 
salts  or  hydrates,  made  either  by  dissolving  the  pure  salt  directly  in  water 
by  trituration  or  heat;  or,  more  often,  by  chemic  decomposition  (simple 
and  chemic  solution).  (The  British  Pharmacopeia  includes  solutions  of 
gases  under  this  heading.) 

The  advantage  of  the  solutions  consists  mainly  in  the  convenience  of 
measuring  the  relatively  large  volumes  of  the  solution  against  weighing 
the  small  quantity  of  salt.  Water  is  chosen  as  the  solvent  because  salts 
are  but  little  soluble  in  alcohol,  and  because  the  therapeutic  qualities 
of  the  latter  are  not  desired. 

Solutions,  when  used  for  special  purposes,  receive  special  names,  thus: 
Injectiones  (Hypodermicae ;  Urethrales),  Collyria  (Eyewaters),  Lotiones 
(Washes),  Gargarismse  (Gargles),  etc. 

Injectiones  Hypodennics  (B.P.)  (Inject.  Hyp.). — These  are  watery  solutions  of 
active  drugs,  intended  for  subcutaneous  administration,  and  of  such  strength  as  to  be 
used  in  the  dosage  of  0.3  to  0.6  cc,  5  to  10  minims.  They  are  sometimes  preserved 
sterile  by  the  addition  of  phenol  or  salicylic  acid.  Manufacturers  also  market  a 
variety  of  unofficial  hypodermic  solutions  in  asejjtic  ampouls,  i.e.,  small  sealed  glass 
vials  containing  a  single  dose  of  the  sterilized  solutions. 

Hucilagines,  (MucUago,  Muc.);  Mucilages. — Aqueous  solutions  of 
gummy  substances.  They  are  used  as  vehicles  and  demulcents.  Since 
gums  are  insoluble  in  alcohol,  mucilages  are  incompatible  with  this  sub- 
stance. They  should  be  recently  prepared  because  they  are  very  apt  to 
mold. 

Mucilages  are  made  by  either  hot  or  cold  process;  the  former  being  solution  by 
heat,  the  latter  by  percolation.  Heat  should  be  used  only  when  necessary  (tragacanth), 
as  it  usually  causes  discoloration  of  the  product. 

Syrupi  (Syrupus;  Syr.) ;  Syrups. — Dense  saccharine  solutions  of  medic- 
inal substances.  The  syrup  serves  mainly  as  a  vehicle  and  preservative. 
The  dose  of  flavoring  syrups  is  practically  unlimited  (15  c.c,  4  drams,  U.S.P.). 
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Simple  s>'Tup  is  procticaUy  a  saturated  sotutioo  of  cane-sugar,  containiflg  85  Gm. 
in  100  C.C.,  U.S.P.  (66.7  Gm.  of  sugar  in  100  Gm.  of  syiup,  B.P.)-     S>TUps  arc  usually 

Ercparcd  by  &rst  making  an  infusion,  and  di<»olviiig  in  this  the  sugar,  either  Uy  beat  or 
y  percolation,  according  to  whether  or  not  the  drug  is  injun-d  by  a  hi]{h  lemi>efalure. 
In  special  cases  modilicaUons  may  be  introduced.    .Some  ayruiw  arc  prepared  by  mixing 
the  fluidextract  and  5>-nip.     lloncy  is  sometimes  used  instead  of  cane-sugar,  making  a 
class  of  prenanttiuns  called  mfltiia.     If  acetic  acid  U  added  to  this,  vk  have  oxymrltita. 
Confectioag  {Conf^-ain;  Caitf.)  arc  thick  medicated  jams. 

They  u-crc  formerly  ver>'  [xinular,  but  have  now  been  almost  abandoned.  EUciunries 
were  similar  but  fiomewhat  ttiianer  preparatiooa. 

Elixirifi  {Elixir;  EIix.)\  Elixirs. — Sweetened  aromatic  alcoholic  liquors, 
used  as  flavoring  vehicles,  similarly  to  the  syrups.  Their  conienl  in 
alcohol  (about  35  per  cenL)  is  apt  to  lead  to  abuses,  which  must  be  kept 
in  mind. 

The  ofHcial  Aromatic  Elixir  is  flavored  with  orange  peel,  lemon,  cori-J 
ander  and  anise.     This,  mixed  with  licorice,  constitutes  Elixir  Adjuvans. 

Glycerites  (Glyceriluttif  U^.P.;  G'/yfwmwm,  B.P.;  Giyc). — Solutions 
in  glvLL-rin.  Glycerin  is  a  good  solvent  for  many  substances.  It  keeps 
well,  and  is  useful  especially  for  external  application  on  account  of  its 
adhesiveness.  Glycerin  is  also  less  irritant  than  alcohol  and  devoid  of 
the  pharmEtcologic  action  of  the  latter  agent. 


ALCOHOUC  SOLUTIONS 

Alcohol  \si  a  .specific  solvent  of  certain  substances  [volatile  oils,  alka- 
loids, resins^.  In  pre:»cribing,  these  should  nut  be  mixed  with  an  aqueous 
solution.  Alcohol  is  also  a  good  preservative;  but  it  has  distinct  thera- 
peutic qualities,  which  may  or  may  not  l>c  useful. 

Spirits  {.Sfyiriltis,  genitive  Spiritus;  Sp.). — Alcoholic  solutions  of  vola- 
tile drugs.  They  are  all  fairly  strong.  They  are  prepared  by  simple  or 
chemic  solution  or  by  distillation.  Flavoring  spirits  contain  10  per  cent, 
of  the  respective  \'o!ati[e  oils.  Their  dosage  is  a  c.c,  30  minims,  U.S.P. 
(0.3  to  1.2  c.c,  5  to  ao  minims.  B.P.).  Spirits  other  than  flavoring  vary 
in  strength  and  duse. 


PREPARATIONS  MADE  BY  EXTRACTION 


In  these,  only  a  part  of  the  crude  drug  is  dissolved.  They  comprise 
the  at|ueous  Infusions  and  Decoctions;  and  the  alcoholic  Tinctures  and 
Fluid  and  Solid  Extracts. 

Infusions  {Infitsum;  Inf.), — Aqueous  solutions  of  the  soluble  principles 
of  vcRcLable  drugs,  obtained  by  brief  maceration  in  hot  or  cold  water. 

Decoctions  (Drcotium;  Dec). — Analogous  preparations,  in  which 
the  ingredients  have  been  boiled  with  water  for  at  least  fifteen  minutes. 

Infusions  and  decoctions  are  esiK'cially  useful  when  it  is  wished  to 
extract  some  principle  which  is  more  soluble  in  water,  or  when  the  ther- 
apeutic effect  of  alcohol  or  the  mechanical  incompatibility  of  alcohol 
with  salts  is  to  be  avoided.  There  are  some  inconveniences  connected 
with  their  use:  They  take  a  long  time  to  prepare.  Like  all  watery  solu- 
tions, they  spoil  quickly,  and  must,  therefore,  be  made  fresh.  The  decoc- 
tion can  only  be  used  if  there  are  no  delicate  constituents  to  be  destroved 
by  boiling. 

The  solvent  being  so  very  cheap  and  having  no  action,  it  is  ijsuat  to 
make  decoctions  considerably  weaker   than  tinctures.    In   prescribing 
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infusions  or  decoctions  of  potent  drugs,  the  proportion  should  always  be 
stated  by  the  prescriber.  When  the  strength  is  not  stated,  the  pharmacist 
is  supposed  to  use  5  per  cent,  of  the  drug.  The  dose  of  non-poisonous 
infu^ons  and  decoctions  lies  between  15  and  120  c.c.  (^  to  4  ounces). 

Type  FommUs  (U.S.P.).— /»/iua. — 1,000  cc.  of  boiling  water  are  poured  on  50 
Gm.  of  the  coarsely  comminuted  drug,  the  vessel  is  covered  tightly,  and  allowed  to 
stand  for  half  an  hour  in  a  warm  place.  It  is  then  strained  with  expression,  and  enough 
water  ts  poured  through  the  strainer  to  make  the  infusion  measure  1,000  c.c. 

Dtcocta. — 50  Gm.  of  the  coarsely  comminuted  drug  and  1,000  c.c.  of  cold  water  are 
bcoled  in  a  covered  vessel  for  &fteen  minutes,  cooled  to  about  4o°C.,  strained  and 
expressed,  and  cold  water  added  through  Uie  strainer  to  make  the  decoction  measure 
1,000  c.c 

PresemtiTU. — The  amount  of  preservative  which  must  be  added  to  a  watery  solu- 
tion to  insure  its  keeping  qualities  must  vary  with  its  nature,  and  in  the  same  direction 
as  the  amount  of  "extractive."  The  proportions  generally  necessary  are:  Alcohol, 
20  to  35  per  cent.;  glycerin,  10  per  cent.;  sugar,  66  Gm.  to  100  cc.  of  finished  product 
Alcohol,  20  per  cent.  +  glycerin,  5  per  cent. 

A  bibliography  of  the  deterioranoii  of  drugs  and  pharmaceutic  products  is  given 
by  Eberhardt  and  Eldred,  1914. 

Tinctures  {Ttnctura,  Tr.). — Alcoholic  or  partly  alcoholic  solutions  of 
the  useful  constituents  of  such  drugs  as  are  not  wholly  soluble  in  the  mens- 
truum. 

Exceptions  of  this  definition  are  tincture  of  iodin,  tincture  of  chlorid  of  iron,  and 
tincture  of  tolu,  in  which  the  solution  is  complete. 

The  drug-strength  of  the  tinctures  varies  from  0.4  to  50  per  cent. ; 
but  those  containing  potent  drugs  conform  to  an  international  standard 
of  ID  per  cent. 

The  tinctures  are  in  many  respects  the  most  useful  therapeutic  prepa- 
rations: The  dose  is  relatively  large  and  uniform  (about  2  to  4  c.c. 
for  the  non-toxic) ;  the  quantity  of  solvent  is  sufficiently  large  to  keep  the 
principles  in  solution;  the  use  of  heat  in  the  preparation  is  avoided. 

The  greater  number  of  tinctures  are  prepared  by  percolation;  a  few 
by  maceration.  The  menstruum  is  alcohol  or  alcohol  and  water;  acetic 
add  or  glycerin  are  added  in  a  few  cases;  aromatic  spirit  of  ammonia 
is  used  in  the  ammonialed  tinctures. 

Tne-|iroceM  foe  Percolation  Tinctures  (TJ.SJ*.).— The  powdered  drug  is  moistened 
with  the  menstruum,  transferred  to  a  percolator  without  pressing,  and  allowed  to  stand 
covered  for  six  hours.  It  is  then  packed  firmly,  and  menstruum  poured  on  to  more 
than  cover  the  powder.  When  the  liquid  begins  to  drop,  the  lower  orifice  of  the  per- 
colator is  dosed,  and  the  maceration  prolonged  for  twenty-four  hours.  The  percola- 
tion is  then  allowed  to  proceed  slowly,  gradually  adding  sufficient  menstruum  to  the 
percolator  until  the  percolate  measures  tbe  required  volume. 

Type-orocesa  for  Maceration  Tinctures  {tT.S.P.)- — The  drug  is  macerated  in  a 
moderately  warm  place  with  the  menstruum,  using  four-fifths  of  the  final  volume. 
This  is  continued,  with  frequent  shaking,  for  at  least  three  days.  It  is  then  filtered, 
the  filter  being  washed  with  menstruum  sufficient  to  make  the  required  volume. 

Ddannated  tinctures  arc  tinctures  from  which  the  tannin  has  been  removed  (as  by 
powdered  skin).     They  do  not  precipitate  with  iron  salts. 

Eikereal  tinctures  are  made  with  ethereal  spirit,  a  mixture  of  7  parts  of  ether  and  3 
parts  of  alcohol. 

Green  Tinctures. — Since  some  drugs  are  supposed  to  lose  part  of  their  activity  by 
drying  and  keeping,  a  class  of  tinctures  made  from  the  freshly  collected  green  drugs  has 
b«n  introduced  under  the  name  of  Tincture  Herbarum  Recentium.  The  directions 
are  to  macerate  500  Gm.  of  the  fresh  herb  with  1,000  c.c.  of  alcohol  for  fourteen  days, 
to  express  and  filter.  These  preparations  are  justly  unpopular.  They  are  of  very 
inconstant  strength,  since  the  natural  moisture  of  plants  is  variable.  Again,  they  can 
be  prepared  only  in  the  localities  where  the  plants  are  native  and  where  there  often 
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are  no  reliable  fadlities  for  their  manufacture  These  remarks  apply  equally  to  the 
Jiiica  {Succiis;  Swc.)  of  the  British  Pharmacopeia,  made  by  using  i  part  alcohol  and. 
J  ports  of  Ihe  freshly  expressed  juice. 

WlnM  (ViniiM;  Vin.}. — These  are  tincture*  in  which  wines  have  been  substituterl 
for  alcohol.  They  have  a  more  pleasant  taste,  but  inferior  keeping  qualities,  and  are 
DOW  very  little  u!>ed. 

Acfta  {Acct.)  are  medicated  vinegars,  prepared  by  maceration  with  dilute  acetic 
arid. 

Fluideitracts,  U.S.P.;  Liquid  Extracts,  B.P.  {Fluidextraclum: 
Fldext. — Extraitum  Liquidum;  Ext.  Luf.). — These  are  liquid  alcoholic 
extracts,  loo  c.c.  representing  approximately  loo  Gm.  of  the  drug.  TTie 
menstruum  is  in  certain  cases  modified  by  the  addition  of  jjlycerin,  acetic 
acid,  etc.  They  are  the  most  concentrated  fluid  preparations,  and  were 
supposed  to  possess  considerable  advantages,  but  many  are  of  doubtful 
value. 

The  simple  ratio  of  drug-atrenglh  has  no  special  adx'anu^c  in  therapeutics,  and 
has  led  to  serious  abuse*  such  ns  the  practice  of  preparing  tinctures;  inlusions,  etc., 
bv  the  dilutiun  of  ihc  d  aide  attracts.  Thi«  is  hlKbly  reprehensible,  mhcc  these  dilutions 
oitco  dilTcr  materially  from  the  orthodox  preparations. 

Concentration  may  tomeliraes  be  deMrablr  to  reduce  iJie  hulk  of  the  dn»e,  but  it  ib 
often  secured  at  the  cost  of  ef&dcncy.  The  heat  which  must  necessarily  be  used  in 
their  preparation  h  never  beneficial.  Prcdpilatcs  are  apt  tu  form  on  iitaadinK.  and  while 
these  are  often  inactive,  they  may  contain  the  active  principles.  They  are  also 
much  more  subject  to  precipitation  on  misture  with  other  liquids,  and  the  dose  is  usually 
so  small  that  thc-y  require  M>me  such  admixture. 

Fluidextracts  are  usually  prepared  by  percolation,  the  first  four-fifths 
of  the  percolate  being  set  aside,  the  remainder  evaporated  to  the  consist- 
ency of  a  soft  extract,  dissolved  in  the  reserved  portion,  and  menstruum 
added  tu  make  the  rt-quired  volume. 

T>pe-processes  for  Fluidextracts. — The  following  are  described  by  the  U.S.r.: 

Type  .■!.— The  powdered  drui;  ib  moistened  and  macerated  n'ilh  the  menstruum  as 
described  under  tinctures,  thi-  maceratinn  brinx  prolonccd  tii  fnrty-cight  hours.  The 
percolation  is  then  started,  and  continued  by  the  addition  of  menstruum,  until  S50 
c.c.  of  pcTculiitc  have  been  cullcirted  for  1,000  Gm.  of  dru^.  This  is  reserved  and 
percolation  continued,  with  adiiilional  menstruum,  until  the  drug  is  exhausted.  These 
later  percolates  arc  evaporated  to  a  soft  lyctract,  below  6o''C.,  dissolved  in  the  re*cr\"ed 
portion,  and  diluted  with  menslruum  to  make  1,000  c.c. 

Typt  li. — This  is  employed  when  two  successive  menstrua  arc  used,  the  first  con- 
taining glycerin,  arid,  etc.  In  thii^  ciise.  the  powdered  drug  is  moistened  and  macerated 
with  the  first  menstruum.  The  ptrrcolalion  is  then  started,  and  continued  with  the 
plain  alcoholic  mcmlruum.     Othcrwist-.  the  process  is  identical  with  Type  A. 

Type  C. — Fractional  or  Divided  Prrcolitiion. — This  is  used  for  drugs  containing  con- 
ititucnts  that  are  volatile  or  injured  by  heat.     It  may  also  be  used  in  place  of  Type  A. 

The  drug  is  divided  into  three  portions  of  *fio  Gm.,  100  Gm,  and  300  Gm.  The  first 
portion  b  then  moistened  and  macerated,  as  usual.  ./The  first  ]oo  cc.  of  percolate  are 
reser\'ed;  and  the  percolation  then  continued,  collecting  five  additional  portiorts  of  300 
cc  each. 

The  second  300  Gm.  portion  of  drug  is  moistened  with  the  first  300  c.c.  percolate 
©f  the  preceding  perailation;  and  materatt-d  and  pcKtilalctJ.  as  usual.  The  first 
300  c.c.  of  percolate  arc  reserved;  and  the  percolation  continued  with  the  successive 
portion!*  of  Iht;  pvrcobte  from  the  tirst  drug,  until  exhausted.  These  weaker  percolates 
are  collected  in  200  c.c.  portions. 

The  third  200  Gm.  portion  of  the  drug  Is  mobtcncd  with  the  first  aoo  c.c.  percolate 
of  the  second  drug,  macerated  and  percolated  with  the  succesirive  weak  portions  of  the 
percolate  of  the  second  drug,  until  500  c.c.  arc  obtained.  This  is  mixed  with  the  reserve 
portions  of  the  two  first  drugs. 

Type  /).  — In  ihi^.  the  drugs  arc  exhausted  with  water  and  preser\*ed  by  the  subse- 
quent addition  of  nlcohol.  1.000  Gm.  o[  the  ground  drugs  arc  mixed  with  5,000  cc. 
of  boiling  water  and  macerated  for  two  hours.  They  arc  then  transferred  to  a  P*r- 
cotator,  gradually  adding  boiling  water  until  the  drug  is  practically  exhausted.    The 
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pera^te  is  evaporated  on  a  water-bath  to  the  specified  volume.    It  is  then  cooled, 
uid  su£Bcieiit  alcohol  added  to  make  1,000  cc 

Solid  Extracts  (Exlraclum;  Ext.,  USJ'.  Extractum  Siccum;  Ext. 
Sice.;  BJ*.). — -Must  not  be  confused  with  the  fluidextracts.  They  are 
solid  or  semisolid  preparations  obtained  by  evaporation  of  solutions  of 
the  medicinal  principles  of  drugs.  Some  of  the  solid  extracts  are  dry, 
others  of  a  "pilular"  consistency,  i.e.,  like  a  pill-mass.  They  are  con- 
venient for  a(hninistration  in  solid  form,  e.R.,  in  pills,  ointments,  plasters, 
etc.  Nearly  all  the  potent,  and  most  of  the  other,  extracts  are  adjusted 
to  four  times  the  strength  of  the  fluidextracts. 

"Powdered  Extracts"  are  dried,  and  mixed  with  sufficient  diluent 
(milk-sugar)  to  give  them  the  same  strength  as  the  solid  extracts.  Most 
extracts  are  prepared  by  percolating  and  subsequent  evaporation;  the 
last  and  weaker  pwrtions-  of  the  percolate  being  evaporated  first,  to  avoid 
the  deleterious  actions  of  prolonged  heat  on  the  main  pwrtion.  Some  of 
the  extracts  are  obtained  by  evaporating  the  fluidextract.  The  menstruum 
is  sometimes  water,  or  alcohol,  or  a  mixture  of  both;  acetic  acid  being 
added  in  some  cases.  The  finished  product  is  assayed,  if  possible,  and 
adjusted  to  a  definite  standard  by  the  addition  of  sugar  of  milk. 

Artificial  resins  are  precipitates  obtained  by  mixing  alcoholic  solutions 
with  water.  Wliere  they  constitute  the  active  principle,  this  is  a  conven- 
ient method  of  isolating  it  in  a  concentrated  although  somewhat  impure 
form.  Their  strength  is  fairly  constant.  They  are  practically  identical 
with  the  eclectic  "resinoids." 

Oleoresitts  {Oleoresina,  Oleores),  are  extracts  containing  the  resinous 
and  oily  constituents  of  the  drug  obtained  by  evaporating  ethereal,  acetone 
or  alcoholic  percolates. 

MIXTURES 

Mixtures,  in  the  wider  meaning  of  the  word,  are  fluids  resulting  from 
the  mixture  of  fluids  with  other  fluids  or  with  solids.  They  comprise: 
Linimenta,  Misturas,  Emulsa. 

Laniments  {Linimentum,  Lin.). — These  are  solutions  of  irritant  drugs 
in  oily,  soapy  or  alcoholic  solutions,  intended  to  be  rubbed  on  the  skin  as 
counter  irritants. 

Mixtures  (Mtstura;  Mist.). — In  the  narrow  meaning  of  the  term, 
these  are  generally  suspensions  of  a  solid  in  a  liquid,  sometimes  by  the 
use  of  a  gummy  substance;  for  heavy  powders  can  not  be  evenly  distrib- 
uted in  a  light  liquid  without  this  aid.  The  B.P.  also  includes  some 
emulsions  under  this  title. 

Emulsions  (Emulsum,  Emtd.). — These  are  mixtures  of  a  milky  appear- 
ance, made  by  suspending  fats,  oils,  or  resinous  substances  in  aqueous 
liquids  by  the  intervention  of  some  viscid,  usually  gummy,  substance. 

The  object  of  emulsification  is  to  break  up  the  insoluble  oil  into  the 
finest  particles  and  to  envelop  each  of  these  in  a  coating  of  the  emulsi- 
f>-ing  agent,  which  will  keep  them  from  reuniting.^  This  allows  of  dilution, 
<rf  the  admixture  of  other  substances,  and  it  facilitates  absorption. 

Milk  is  a  natural  emulsion  in  which  the  butter-fat  is  kept  in  emulsion  by  the  casein. 
It  may  be  taken  as  a  type  to  which  artificial  emulsions  must  conform.  The  globules 
must  be  uniform  and  of  about  the  same  size  as  those  in  milk. 

Emubions  may  be  dixnded  into  the  following  classes: 

'See  also  Rooa,  1916,  Physical  significance  of  emulsions. 
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NdtttnU  emulsions,  auch  a?  are  found  ready  fonned  tn  nature.  Instances  of  these 
are  milic.  ihi-  yullc  uf  egg.  and  sumc  plant  juices. 

Crum-roitt  (iNi/  Trr^  rmuhtons;  thai  b,  emulsions  made  from  such  substances  as  con- 
tain their  own  cmtiUifier.  Rxamplcs  oi  f.uc\\  gura-re^ins  are  ammoniAr,  a.^etida,  and 
myrrh.  'I'hc  dnig^  are  reduced  to  a  coarse  powder  and  water  is  added  gradually.  Seeds 
which  yield  such  emuUiuiis  arc  poppy,  hemp,  and  almond. 

In  artificial  emulsions  an  emulsifier  must  be  added.  Quite  a  num- 
ber of  substaiices  may  be  used  for  this  purpose,  the  principal  ones  being 
gum  acacia,  tragacanlh,  yolk  of  egg,  Irish  moss,  soap  bark,  and  extract 
of  malt.  The  substance  most  commonly  used  Is  gum  acacia.  This 
emulsifier  is  incompatible  with  large  quantities  of  alcohol,  borax,  tincture 
of  iron,  or  glycerin.  It  may  be  used  by  either  the  Continental  method, 
where  a  nucleus  is  first  formed  from  gtmi,  oil,  and  water,  and  to  which  the 
remainder  of  the  water  may  then  be  added;  or  by  the  English  method, 
where  a  mucilage  is  first  made,  to  which  the  oil  and  water  are  added  in 
alternate  small  pwrtions. 

The  CoHtiurHtnl  mtihed  dcser\'es  the  preference.  To  form  a  nucleus  there  should  be 
used  fur  each  part  of  oil  ^  to  H  P'*' ^  "^  acacia  and  i  part  of  water.  Stir  the  oil  with  the 
acacia  in  granular  powder,  then  add  the  n'atcr  at  once.  The  mixture  of  the  oil  and  the 
gum  must  not  bo  allowed  to  stand  loo  long  before  adding  ihc  water,  othcrwiM-  it  will 
cake.  In  the  Knglish  mftkad  the  acacia,  the  amount  of  which  should  be  half  that  of  the 
oil.  is  rubbed  up  with  an  equal  volume  of  water  and  then  small  portions  of  oil  and 
water  are  added  alternately.  If  lliis  addition  should  be  dune  too  rapidly,  there  h  danser 
that  the  emulsion  n-ill  separate  or  "crack."  This  docs  not  necessarily  spoil  it.  for  it 
may  lie  re-cmubionized  by  adding  it  to  a  fresh  portion  of  acacia  and  repeating  ihc 
process. 

In  making  medicated  eraiilw>iu  the  ingredients  should  be  mixed  in  the  following 
order:  First  the  nucleus,  then  the  flavoring,  then  the  syrup,  and,  lastly,  the  water  tn 
which  the  solids  have  been  dissolved. 

In  ytdk  enntljions.  the  yolk  of  egg  is  ui>cd  in  place  of  the  nucleus  in  the  Continental 
method.  The  yolk  is  triturated  !n  a  mortar  ana  the  oi)  and  water  arc  added  iltcmatety 
in  small  portions.  One  yolk  suffices  for  from  i  to  3  ounces  of  oil.  The  yolk  emulsions 
are  Incompatible  with  the  same  substances  as  gum  emulsions  and  do  not  keep  nearly 
as  well. 

Svap  bark  has  saponin  for  its  emulsifying  tgcat.  It  is  not  incompatible  with  any 
of  the  above-named  substances,  but  possesses  very  decided  therapeutic  properties, 
which  preclude  iu  use  in  niany  cases.  It  is  used  in  the  proportion  of  i  part  of  the 
tincture  to  8  parts,  of  the  oil:  Place  the  tincture  in  a  dry  liottle,  add  the  oil  in  portions, 
and  shake  after  each  addition.  Finally  add  the  water.  Crude  saponin  (o.jct  00  of  oil) 
can  also  be  employed. 

Extract  of  malt  emulsifies  its  own  weight  of  oil.  It  is  used  as  the  nucleus  in  the 
Continental  method. 

SoiutioHj  of  atkaiits  may  also  be  used  for  emtUsification,  since  they  form  soaps,  but 
they  arc  usuafly  not  desirable. 


SOLID  PREPARATIONS 


These  comprise  the  Powders  and  the  various  dosage  forms,  Pills,  etc.,  for 
internal  use;  and  Ointments,  Plasters,  for  external  applications. 

Powders  {Puhis;  Pulv.,  Gen.,  Pidveris)  are  finely  powdered  drugs 
intended  for  either  external  or  internal  administration. 

When  intended  for  internal  u.**,  they  are  generally  folded  in  papers 
{chartiUce;  charlul.).  It  must  be  borne  in  mind  that  hygroscopic  (deli- 
quescent) substances,  such  as  pota-ssium  acetate  or  citrate,  can  not  be 
prescribed  as  powders,  nor  such  substances  as  become  a  fluid  when 
mixed  (e.g.,  camphor  and  chloral). 

tn  making  compound  powders,  one  should  begin  with  the  sm-illest  ingredient  and 
idd  the  others  to  the  order  of  their  amount,  triturating  thoroughly  after  each  addition. 
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In  i£vidmg  the  powder,  it  u  not  always  necesaary  to  u-eigh  out  eacli  powder.  The  object 
it  often  accomplished  tvith  junicient  accuracy  by  tlatteiiint;  the  powder  on  a  pieof  of 
paper,  squaring  oA  the  cdi;«s,  and  diviilinK  into  a  number  nf  equal  parts  by  means  of 
aipatala.  In  the  case  of  more  bulky  ponders,  such  aa  Sddlilz  powders,  measures  arc 
ued. 

When  intended  for  external  use,  as  for  dusting  powders,  extreme  fineness  is  the 
nun  desidrralum.  They  should  in  this  case  be  ntixed  with  a  spatula  and  not  in 
a  mortar,  since  the  former  insures  greater  smoothness. 

ItHoratiiOns  {THiuratio:  rril,).— These  arc  powders  obtained  by  trituratinR  ihe 
active  suhsUnces  with  some  inert  material  such  as  *.UKar  of  milk.  Their  advantafic 
lies  in  Uic  Bteater  ease  in  weighinR  out  u  nimpara lively  lar^c  amount  of  wihsiance. 
When  DO  special  directions  are  given,  triturations  are  made  of  a  strength  of  lo  per  cent. 
The  trituration  of  clatcrin  is  the  only  one  ofiicial. 

EUosatxkara  arc  tritumtiuns  of  volatile  oil^  u-ith  sugar  in  the  proportion  of  1:30. 
They  arr^sed  for  the  purpo^  of  flavoring  other  powdera. 

Effervescent  {Eff.)  Salts. — These  are  dried  salts,  mixed  with  sodium 
bicarbonate  and  tartaric  acid,  etc.,  so  as  to  evolve  carbonic  acid  when  they 
we  dissolved  in  water.    This  aids  in  disguising  the    taste. 

DOSAGE  FORMS 

PilU,  capsules,  tablets,  lozenges,  cachets,  etc.,  are  used  lo  di\'ide  the 
drug  into  definite  doses,  to  avoid  the  inconveniences  of  dr)"  powders,  and 
to  reduce  the  bulk.  Care  must  be  used  in  prescribing  the  dosage  forms 
so  as  not  to  make  them  too  large  lo  be  swallowed. 

The  administration  of  drugs  in  compact  solid  form  delays  solution  and 
absarption.  This  is  especially  true  of  old  pills,  in  which  the  cxcipient  may 
become  so  impervious  (hat  Ihey  pass  luichangcd  iiito  tiic  feces;  but  il 
applies  also  to  many  tablets.  A  mere  delay  in  solution  may  be  an  advan- 
tage if  an  intestinal  action  is  to  be  procured;  but  difficultly  soluble  sub- 
stances (aalol,  bismuth,  etc.)  should  not  be  administered  in  these  compact 
lorms.     Corrosive  substances  arc  al.su  unsullt'd  for  solid  administration. 

Pills  {PUula;Pil.,  t'.5J'.).^Thcsc  are  definwl  as  spherical  or  elongalcd 
masses  of  medicinal  substances,  of  such  size  as  to  be  convenient  for 
swallowing;  that  is  to  say.  containing  up  to  5  gr.  (o.^^5  Gm.)  of  active  sub- 
stance. If  the  pill  is  of  larger  si?c.  it  is  called  a  Wms.  Very  small  coated 
pills  are  spoken  of  a.s  granules.  Tbe  quantity  of  drug  in  the  ttf&cial  pills 
U  adjusted  so  as  to  make  the  average  dose  two  pills. 

Pin-Masses  (Massa;  Mass.,  V.S.P.  Piluh;  PH.,  B./*.).— These  are 
ioft  solid  preparations  of  such  consistencv  that  thev  can  be  formed  into 
pills. 

A  pill  consists  of  the  active  ingrwiient  and  of  the  exdfnetU  (cohesive). 
Iq  order  to  make  pills,  the  substance  is  first  made  into  a  mass  by  means 
of  this  excipienL  The  ma.ss  must  be  sufficiently  soft  lo  admit  of  mold- 
but  on  the  other  hand  it  should  be  sufficiently  consistent  not  to  lose 

&hape.     It  should  neither  harden  nor  soften  nor  crumble  on  keeping. 

The  quantity  nf  dnq;  in  the  B.p.  pills  is  adjusted  so  as  tn  make  their  dow,  with  few 
cxcentions,  0.2$  to  0.5  dm..  4  to  8  irr.  (The  exceptions  are  Pil.  Phospbori;  Pil.  Fcrri; 
Ml.  Hufflbi  c.  Opio;  Pil  Saponin  Co.). 

Exc^ients. — Syrup,  glycerin,  acacta,  vegetable  extracts  (Extx.  Gen- 
tianxj,  and  a  great  variety  of  other  substances  arc  used,  according  to  the 
chamctcTs  of  the  active  drug.  The  choice  may  usually  be  left  to  the 
phannadst. 

Liquid  PjcipitnU. — OlyceriU  of  acacia  or  tragacanth,  thick  flour  paste,  glycerin 
Ipiip,  confections,  or  extracts. 
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Soiid  ExcipifiUs. — .-Vcacia,  trugacaatfa,  sta.rch,  ulthca.  licorice  powder,  soAp. 

For  chemicals  which  arc  destroyed  by  organic  substances  the  l>est  eicipient  »  formed 
by  a  mitture  ul  pclruhiiam  and  kaolin. 

Absorption  Influenced  by  Excipiencs. — ^Thesc,  bcinf;  coUoidsl,  all  deUy  absorption 
somewhat.  For  iodid  pills,  Rieben,  1907,  found  the  greatest  delay  with  wax>-  and  oily 
cxcipicnts,  the  least  with  vu-gctable  etlracls  and  synips.  Silver-foil  coating  produced 
considerable  delay. 

PrepvatiOQ  of  Pills. — The  ingredients  arc  first  triturated  to  a  fine  powder.  la 
case  crystalline  salts  arc  uwd,  these  must  lit  desiccated.  The  cxcipient  is  then 
added  in  small  portioiu  and  thoroughly  triturated  with  the  powder  until  the  proper 
consistency  is  obtained.  If  accidentally  too  much  excipient  is  added  this  can  he 
remedied  by  the  addition  of  some  inert  powder,  such  as  starch,  gum  acacia,  or  powdered 
licorice. 

The  mass  having  been  formed  by  thorough  trituration,  it  b  placed  on  a  glass  or 
porcelain  slab  marked  •mth  equal  divisions.  It  is  well  to  put  a  httic  dusting -powder 
on  the  slab  to  prevent  the  nmss  from  sticking  to  it.  The  best  du»trng-powacrs  are.' 
starch,  lycopodium,  or  licorice,  according  to  the  color  of  tlie  pili-mass..  This  mass  i»' 
then  R^lcd  out  by  mcan»  of  a  broad  spatula  into  a  cylinder  of  uniform  diameter,  and. 
this  is  cut  with  a^harp  knife  into  the  n-quisile  number  of  equal  parts.  These  arc  formed 
into  spherical  shape  by  rolling  them  between  the  thumh  and  the  fir«t  two  fingers.  The 
finish  may  be  rendered  more  iierfect  by  placing  the  pills  with  a  liberal  amnunt  of  dusl- 
ing-powdcr  in  (he  lid  of  the  pill  box  and  gently  rolling  them  with  the  ball  of  the  thumb. 

PiU-coatings. — Pills  are  often  coated  with  sugar,  gelaitn,  chocolate, 
etc..  to  disgiiise  their  taste  while  being  swallowed.  The  coatings  tend  to 
interfere  somewhat  with  absorption. 

In  coating  with  sugar,  the  pills  arc  moistened  with  a  thick  syrup  and  rapidly'  rotated 
and  dried  in  a  current  of  warm  air  until  they  acquire  a  sufficiently  thick  coating  and  a 
fine  polish.  The  latter  is  often  enhanced  by  a  little  waiT.  For  a  gelatin  coating  they 
arc  dipped  into  a  strong  hoi  solution  uf  gelatin,  which  is  allowed  tJi  harden  in  the  air. 
Wlien  It  i^  desired  lo  exclude  the  air  from  the  pills,  they  arc  sometimes  varnished  by 
dipping  ihcm  Into  an  elherra!  dilution  of  tolu.     This  is  ihe  afhcial  process  for  keeping 

fihofiphorua  pills.     A  still  liner  polish  may  be  given  to  pitis  by  coating  them  with  silver 
eaf,  whirh  i^  done  by  shaking  them  in  n  box  with  silver  foil. 

Enteric  Pills. — These  are  pills  coated  with  some  suKstancc  (keratin^ 
salol,  stearic  acid,  or  formaldehyd-hardened  gelatin),  supposed  to  protect 
them  from  the  gastric  juice,  but  which  dissolves  in  the  intestines.  They 
would  be  useful  when  the  drug  is  intended  lo  act  only  after  passing  the 
stomach.  Unfortunately,  they  fail  to  acrnmpli.sh  their  purpose,  for  soluble 
drugs  diffuse  through  them  rapidly  (Linossier,  icjii). 

Improved  dircction.s  for  the  salol- i~oa ling  of  pil1»  arc  given  by  PearocJ^  1915;  for 
stearic  add  by  Topli&,  IQ15.  The  latter  claims  that  the  stearic  coating  apparently 
(ullil^  its  purpose. 

Keratin  (a  protein  derived  from  horn,  goose  quill,  etc.)  was  tried  cxtcnuvely:  but 
it  is  totally  unsuitable,  since  commercial  specimens  are  largely  soluble  in  arti&clat 
gastric  juice  (Huckner,  1911]. 

Formaldehyiiizai  CupsuUs. — These  are  prepared  by  immersing  llie  filled  capsules 
In  water  containing  i  per  cent,  of  absolute  formaldehyd,  and  dr>'ing.  The  capsules 
should  become  In.solubIe  in  acid-pepsin  solution,  but  remain  soluble  in  0.5  per  cent. 
sodium  carbonate.  The  degree  of  insolubility  is  governed  by  the  duration  of  the  im- 
mersion. If  they  are  to  be  used  on  thr  nrnl  day.  the  immersion  should  last  .six  minutes; 
but  these  wilt  liavc  become  quite  insoluble  in  the  carbonate  after  they  have  been  kept 
a  week  With  immersion  of  thirty  seronds.  Ihc  capsules  will  be  properly  hardened  only 
after  storing  them  for  two  wee^;  bttl  they  vrilF  preserve  their  proper  solubility  in 
Carbonate  for  one  year  (Scoville.  1915I. 

Capsules. — These  are  small  containers,  usually  of  gelatin,  intended  to 
be  filled  with  the  drug  and  swallowed.  Those  used  for  powders  are  hard, 
and  consist  of  a  body  and  a  cap.  Jn  filling  these  capsules,  the  powdeT  is 
divided  into  the  requisite  number  of  parts>  forced  into  ihc  body  with  a 
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spatula,  and  the  caps  placed  on.  Soft  capsules  are  used  for  oils,  etc. 
These  are  sealed  with  a  drop  of  melted  gelatin.  These  soft  capsules 
may  be  made  to  hold  as  much  as  4  Gm.  Hard  capsules  should  not  hold 
more  than  0.3  Gm.  or  at  most  0.5  Gm.  A  somewhat  larger  amount  may 
be  used  by  making  the  powder  into  a  pill-mass.  The  purpose  of  capsules 
is  to  disguise  the  taste  of  the  substance. 

C^Mci^  of  C^istiles  for  Dry  Powders. — The  capsules  are  marketed  by  numbers, 
which  have  about  the  following  average  capacity  (Caldwell,  igis);  probably  differing 
somewhat,  however,  for  the  various  makes: 


Sixc  of  cftpaoles 

CapBcity  in 

Aver&ge  capacity  for  most  powders 

In  grains               |               In  B^'mis 

1 

i 

a 

I 

0 

00 

53 

6-5 

8.4 

10. 0 

30 
4.0 

5  5 

7-5 

10. 0 

0.30 

0.3S 
0.3s 

o-so 
0.65 

Parke,  Davis  &  Co.  state  the  capacity  of  their  capsules  as:  No.  o,  13  minims; 
Xo.  I,  9  minims;  No.  3,  6  minims;  No.  3,  4>^  minims;  No.  4,  3  minims;  No.  5,  2  minims. 

WafeiB  are  thin  sheets  formed  of  a  dned  flour-paste,  in  whidi  the  powder  is  enveloped. 
They  are  immersed  in  water  and  swallowed.  They  possess  the  advantage  that  larger 
quantities  of  the  drug  (up  to  i  Gm.)  may  be  administered. 

Cadiets  are  wafers,  molded  into  concave  circular  forms. 

Troches  or  Lozenges  (TrochicuSf  Troch.). — These  are  made  by  punch- 
ing or  cutting  out  circular  or  oblong  disks  from  a  mass  made  up  from  the 
active  substance,  sugar,  and  mucilage  or  fruit  base.  These  are  then  dried 
in  the  air.  They  are  usually  intended  for  solution  in  the  mouth,  and  are 
most  popular  for  throat  medication.  They  are,  however,  sometimes  used 
instead  of  pills. 

Tablets  (Tabella,  Tab.). — These  are  small  disks  composed  of  medicated 
powders.  Tablet  triturates  are  prepared  from  the  powdered  drug  and  milk- 
sugar  or  sugar,  made  into  a  paste  with  alcohol,  and  pressed  into  molds. 
Compressed  tablets  are  formed  by  strong  dry  compression.  These  forms 
are  used  similarly  to  pills,  and  dissolve  more  readily,  especially  the  tritu- 
rates. By  suitable  choice  of  ingredients,  they  may  be  made  very  accept- 
able to  children  (TabelUe  Dtdces,  "Candy  medication"  Fantus,  191 2- 
1914). 

Variability  of  Commercial  Tablets. — Commercial  tablets  are  often  very  unreliable. 
Variations  of  10  per  cent,  may  be  excusable,  but  Kebber,  1914.  found  that  nearly  a 
fifth  of  the  samples  bought  varied  by  20  per  cent,  or  more;  and  this  even  with  toxic 
substances. 

Hypodermic  tablets  are  similar  to  the  tablet  triturates,  especial  care 
being  exercised  to  secure  quick  solution. 

Lamellg  (B.P.)  {Lam.)  are  thin  gelatin  disks,  softened  with  glycerin,  and  impreg- 
nated with  substances  acting  on  the  pupil.  They  are  intended  to.be  placed  under  tha 
eyelids. 

Siqiposltories  (Suppositorium,  Supp.). — These  are  suitably  shaped 
masses  of  solid,  medicated  usually  fatty  substances,  intended  for  introduc- 
tion into  the  rectum,  vagina,  or  urethra  (Fig.  2).  They  take  the  place  of 
ointments  for  local  treatment  where  these  can  not  be  readily  appUed. 
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Suppositories  are  raade  by  incorporating  tlie  medicinal  substance 
into  a  suitable  base,  and  molding  into  masses  of  suitable  shape  and  size 
The  ideal  base  is  one  which,  whilst  solid  at  the  ordinary  temperature,  is 
melted  by  the  beat  of  the  body.  Such  is  cacao-butter  (Oleum  Theobro- 
maiis).  Glycerinated  gelatin  or  a  soapy  base  is  also  sometimes  used, 
especially  with  urethral  suppositories  for  which  cacao-butter  would  be 
too  brittle.  Rectal  suppositories  are  usually  made  with  sufficient  base 
to  weigh  t  or  2  Cm.;  vagina),  4  Gm. 

Urethral  suppositories^  are  pencU-shaped,  pointed  at  one  end,  and  measure  7  or  14 
cm.,  weighing  i  or  4  (Jm. 

Thcobronia  suppositories  are  made  cither  by  the  hot  or  cold  process.  The  hot 
process  consisU  in  iiicUini^  cjicao-butter  at  a  temperature  not  exceeding  j^'F.  and 
addinR  the  active  substances,  thtn  pouring  Uie  mixture  into  cold  molds.  In  the  cold 
procei^*  the  active  substances  are  triturated  with  grated  cacao-butter  with  the  addition 
of  II  smul\  amount  nf  custor-oil,  ttuETicicnt  to  make  it  into  a  suitable  mas«,  which  b 
then  rolled  out  and  divided  as  forpUb.    They  may  also  be  formed  by  pressure. 


Pre.  2.— bifferrnt  forms  of  auppoutorieft  (H.  Blair).  Nalnrol  size:  Ttie  lorgeftt  it  lur  uae  ie 
the  vAaifiA;  the  cytiniter  is  a  urethral  «upin«itnry  or  txingir;  thr  othcn  arr  vanous  tliapcAkrwlnus 
of  rceia!  iuppo«itori«a. 

Suppasilory  capsules,  whether  of  gelatin  or  of  cacao-butter,  largely  dcfemt  the  object 
for  which  supjiusitorii-s  are  i-mployrd.  They  arc,  howrvt-r,  much  more  a>nvenienl  lo 
prepare  than  the  suppositories,  and  may  suffice  when  the  object  is  merely  iaternal  medi- 
cation. Glycerin  Is  made  intoasupposilory  by  meonsof  a  verj'hard  soap  formed  from 
stearic  acid  and  &odium  carbonate. 

Ointments  (t^rf^H^n/um,  f'«g.)arcsoftfalty  massesintpnded  for  external 
application.     They  consist  of  the  active  ingredient  and  the  base. 

ointments  arc  prepared  by  fusion,  mechanical  admixture,  and  cbcmic  reaction. 
In  mixing  ointments  by  fusion,  that  conslittient  of  the  ointment  which  has  the  hijihest 
melting-point  is  first  melted,  and  the  others  are  then  added  in  the  order  of  their  melting- 
points.  The  active  substance  is  added  last,  to  ob\4ate  the  pruIonRed  action  of  heat 
upon  it.  The  mechanical  admixture  is  usually  done  on  a  slab  or  in  a  mortar.  It  is 
needless  to  soy.that  powders  must  be  in  the  finest  stage  of  subdivision.  If  the  quantity 
of  powder  is  liirce,  it'i^s  usually  first  misH  with  some  of  the  melied  ointment. 

Ointment  Bases.— The  ha*e  of  ointments  is  formed  by  lard,  by  petrolatum,  by 
lanolin,  or  by  various  mixtures,  of  which  the  "simple  ointment,"  consisiiriE  of  4  parts 
of  lard  and  1  part  of  white  wax,  is  the  most  impiirlart.  The  base  must'var\'  according 
to  the  object  for  which  the  ointment  is  employed,  whether  absorption,  protection,  or 
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UkaI  action  is  dcsirpd.  Pelrolaium  (vaselin),  which  consists  of  the  less  voUlil«  pMrtsof 
petrulcum,  U  umply  protective,  or  useful  as  u  vehicJe  for  substaaces  inteitdetl  to  have  a 
Bierc  local  action,  uncc  it  is  nut  absorbed.  Lanolin  iAd<.-p5  Lnaic  Hydrosus)  consists 
afsmiitureof  cholcstrnn-iike^ub»tancrsoblainird  frumshi.-cp's  wool.  It  is  vcn*  readily 
abaort»ed,  doe»  not  become  randd,  and  Jnixc^  with  its  own  Mreifiht  of  water.  Tni«  latter 
property  is  of  great  ad\-antagc  when  it  is  desired  to  use  crystalline  salts  in  ointment 
lonn,  since  these  can  be  incarporalctl  in  the  form  Of  solution,  making  a  much  smoother 
ointnient.  Lard  is  the  cheapest  ointment  material.  It  [H-nelratcs  wdl;  hut  an  im- 
poctant  objectioa  lo  it  rests  upon  the  fact  that  it  becomes  randd  vcr>"  ru|Mdly.  This 
teodency  can  be  x^^^'y  diirunished  by  the  incurporation  of  antiseptic  substances. 
Official  Bctuoiimted  l^rd  u  an  attempt  in  thi&  direction. 

Eowllienl  or  siKithinK.  and  antiseptic  oiatmvnt:>,  :$liould  not  be  absorbed,  and  are, 
Uiereiore.  I»rsl  made  with  petrolatum.  Stimulating  and  ab^irbenl  ointments  arc 
intended  to  penetrate,  And  thereforv  rrc|tiircLird  or  lanolin.  With  astringent  ointment!, 
the  base  should  vary  accordinR  to  the  intended  depth  of  action  (Corlclt.  iqio). 

OlCfltes  {Olratum,  OUiit,). — Thene  are  gululions  of  metals  or  alkaloids  inoldcadd. 
Tbcy  an:  used  similarly  to  ointments. 

Cerates  {Ceratum,  Cerai.). — These  are  preparalionR  .«4imilar  to  oint- 
ment but  af  a  firmer  consistency.  Tbey  are  generally  made  from  a  mix- 
ture of  wa.x  and  petrolatum,  in  the  same  manner  as  ointments. 

Plasters  (Emftiaslrum;  Emp.). — These  are  made  by  spreading  on  a 
thin  clotli  or  leather  supjmrt  a  mass  or  base  which  is  hard  at  an  ordinary 
temperature,  but  is  softened  and  rendered  adhesive  at  the  temperature 
(A  the  body.  They  are  appliei!  as  adhesive  or  for  counlcrirrilation.  A 
rubber  compofiition  is  the  base  for  most  modern  plasters. 

Pla»ten  are  now  usually  obtained  from  nuuiufacturcr*.  and  are  but  rarely  made 

to  order.     The  typical  old  plaster,  had  for  its  base  diachylon.  Burgundy  pitch,  or  other 

Uiadiylon  is  a  lead  soap  made  by  precipitating  soap  with  lead  acetate.     This 

or  with  the  addition  of  a  little  rubber  ami  petmlaium  forms  thebaaeof  the  other 

pUiters.    The  base  is  fused  and  the  active  iDgredients  incorporated  islo  it  by 

fdrfing. 

To  spnad  the  [Jaster,  the  cloth,  cut  lo  the  proper  size  and  shape,  is  tacked  on  a 
board  and  the  mass  is  healed  and  spread  evenly  with  a  trowel  or  sfiatuLa.  A  marein 
^^  in.  wide  niu*.l  iw  left  to  allow  of  Handling.  Tn  avoid  ttic  rather  excessive  irritation 
rnulting  from  the  connnement  of  the  secretions  of  the  skin,  plasters  are  now  freouently 
SBsde  porous.  Isinglass  plaster  is  made  by  spreading  a  ihick  solution  of  isiiigla^  on 
sOk. 

Charts  are  medicated  papers,  i.e.^  pieces  of  paper  covered  or  impr^- 
nated  with  a  medicinal  substance.  Charta  Sinapis  is  used  as  a  plaster, 
Cbarla  Potassii  Xiiratis  for  fumigation. 

CoUodia  iColloiIium,  CoUod.). — Solutions  of  pyroxylin  (gun-cotton) 
mixture  of  ether  and  alcohol,  or  in  acetone.  By  the  evaporation  of 
•olvent  they  form  a  fdm  on  the  skin,  and  thus  act  like  plasters.  Col- 
la  must  not  be  brought  near  fire. 
Poultices  {Ciita plasma,  Cala pi.). —These  are  used  mainly  for  the 
purpose  of  supplying  heat.  It  is  often  necessary-  to  give  a  patient  dircc- 
lioDs  for  preparing  them.  Linseed  poultices  may  be  taken  as  a  t)^^; 
Pour  a  cup  of  linseed  meal  into  I'.jrups  of  boiling  water,  stirring  con- 
stantly. Spread  the  mush  thickly  on  a  piece  of  flannel,  fold  so  as  to  form 
isark,  and  apply  as  hot  as  can  be  conveniently  borne.  Other  pasly  male- 
tuU  (flour,  day,  etc.)  arc  alw  used. 
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SOLUBILITIES 

It  is  well  to  have  a  general  idea  of  the  solubility  of  the  substances 
Jly  prescribed.    The  subjoined  compilations  will  be  found  useful  in 


Insoluble,  except  those  of 
alkali  metals. 
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this  connection.  A  knowledge  of  analytic  chemistry  and  of  incompati- 
bilities can  be  utilized  here,  for  a  substance  appearing  as  a  precipitate  is, 
of  course,  relatively  insoluble. 

GENERAL  SOLUBrLITY  OF  COMMONLY  USED  SALTS  IN    WATER 

I.  Arranged  by  Acids. — 

Group  A:  Salts  Mostly  Soluble.— 

1.  Acetates  and  Nitrates:  all  soluble  (except  bismuth  subnitrate). 

2.  Halogen  group  (=iodids,  bromids,  and  chlorids):  Soluble,  except 
Ag;Hg(ous);Pb;Bi. 

3.  Sulphates:  Soluble,  except  Pb,  Sr,  Ba;  Ca  sparingly  soluble. 

4.  Tartrates  and  Citrates:  mostly  soluble. 

Group  B :  Salts  Mostly  Insoluble.—; 
I.  Arsenates 
Arsenites 
Carbonates 

Hydrates  (Ca  sparingly  soluble) 
Oxids 
Oxalates 
Borates 
Phosphates 

n.  Arranged  by  Base. — 

The  salts  considered  in  this  table  are:  Acetates  (Ac),  Halogens  (H), 
Oxids  (O),  Sulphates  (SO*),  Phosphates  (PO4),  Oxalates  (Ox),  Carbonates 
(CO3),  Sulphids  (S),  Nitrates  (NOj),  Citrates  (Ci).  Hydrates  agree 
with  oxids. 

Those  of  the  above  salts  which  are  not  mentioned  with  the  respective 
base  are  insoluble. 

1.  Alkali  Metals  (=Na,  K,  NH4):  all  soluble. 

2.  Lithium:  Soluble,  except  O  and  COb,  sparingly  soluble,  and  PO4, 
insoluble. 

3.  Mg,  Al:  Soluble:  NO.,  Ac,  H,  Ci,  SO4,  S. 

4.  Ca,  Ba,  Sr:  Soluble:  NO3,  Ac,  H,  Ci,  S;  sparingly:  O. 

5.  Zn,  Mn,  Ni,  Co,  Fe     \    Soluble:  NO3,  H,  Ci,  SO4  (mercuric  iodid 
^g  (*^).  Cu,  Sn  I  is  insoluble). 

6.  Ag:  Soluble:  NO3,  SO*. 

7.  Pb:  Soluble:  NO3,  Ac. 

8.  Bi,  Sb:  Only  soluble  in  form  of  double  organic  salts,  e.g.,  Bismuth 
and  Ammonium  Citrate;  Antimony  and  Potassium  Tartrate. 

9.  Mercurous:  Insoluble. 

Strength  of  watery  solution,  in  which  commonly  used  salts  may  safely 
be  prescribed.  (It  must  be  remeftibered  that  where  several  salts  are 
prescribed  in  the  same  mixture,  the  solubility  of  each  is  apt  to  be  lowered.) 

The  following  table  gives  the  amount  of  very  commonly  used  drugs 
which  can  be  safely  prescribed  in  water  enough  to  make  100  c.c.  These 
should  be  memorized: 

50  per  cent.,  or  grams:  (  =  3iv  in  water  q.  s.  3j)  Tannin;  An  tipyrin;  Ace- 
tate, Citrate,  Salicylate,  Iodid  or  Bromid  of 
Potassium  or  Sodium;  AgNOaJ  ZnS04;  Chloral; 
Cocain  Hydrochlorid. 


INCOMPATIBILITY  43 

lpercent.,or  grams:  (=35  grains  in  water  q.s.  5  j)  Alum;  Carbolic  Acid; 
Borax;  KClOj;  NaHCOs;  HgClj;  Tartar  Emetic; 
Quinin  Bisulphate;  Citrated  Caffein;  the  major- 
ity of  the  soluble  salts  of  alkalies,  earths,  and 
metals. 
smaUer  quantities:  Boric  Acid,  4;  Morphin  Sulphate,  4.5;  Quinin 
4  to  o. I  per  cent.  Hydrochlorid,  3;  Qiunin  Sulphate,  0.13;  Strych- 
nin Sulphate,  2. 

m.  Solubility  in  Different  Media. — As  a  general  rule,  inorganic  sub- 
stances are  more  soluble  in  water  than  in  alcohol. 

Basic  alkaloids  are  insoluble  in  water,  more  soluble  in  alcohol. 

Alkaloidal  salts  are  soluble  in  either  alcohol  or  water. 

Gums  are  soluble  in  water,  insoluble  in  alcohol.  Resins  and  essential 
oils  are  the  reverse. 

(In  making  mixtures,  it  must  be  remembered  that  spirits,  tinctures, 
and  fluidextracts  all  contain  alcohol.) 

Glycerin  stands  intermediate  between  alcohol  and  water  as  a  solvent. 

The  following  substances  are: 

1.  Practically  insoluble  in  water:  lodin,  calomel. 

2.  Soluble  in  water,  but  almost  insoluble  in  alcohol:  Alum,  NH4CI, 
£.C10s,  tartar  emetic,  ZnSOt,  Borax. 

3.  Muck  more  soluble  in  glycerin  than  in  water:  Boric  add,  alum,  car- 
bolic acid,  HgCls. 

Terms  Used  in  Defining  Sohibilily. — ^The  following  terms  (Wilbert, 
1909)  are  employed  in  "Useful  Drugs'*  to  describe  the  approximate  solu- 
bility, which  is  often  sufficient  for  prescribing.  Substances  that  are  solu- 
ble in  less  than  i  part  of  solvent  =  very  soluble.  From  i  to  10  parts  of 
solvent  =  freely  soluble.  From  10  to  100  parts  of  solvent  =  soluble. 
From  100  to  1,000  parts  of  solvent  =  slightly  soluble.  From  1,000  to 
10,000  parts  of  solvent  =  very  slightly  soluble.  From  10,000  to  100,000 
parts  of  solvent  =  nearly  insoluble.  More  than  100,000  parts  of  solvent 
==  practically  insoluble. 

Official  Solubilities.— The  U.S.P.  and  B.P.  state  the  solubility  of 
articles,  as  grams  of  substance  to  cubic  centimeters  of  solvent;  i.e.,  a 
solubility  of  i  :io  means  that  i  Gm.  of  substance  requires  10  c.c.  of  sol- 
vent for  solution,  at  the  standard  room  temperature,  2^°C.,  77°F., 
U.S.P. ;  is.j^C,  6o**F.,  B.P.  The  standards  given  in  this  book  are  those 
of  the  U.S.P.  In  percentage  solutions,  10  per  cent,  signifies  that  100  c.c. 
of  solution  contain  i  Gm.  or  c.c.  of  the  substance. 
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This  is  a  subject  usually  very  confusing  to  the  student,  since  it  consists  of  what 
upears  at  first  sight  a  vast  array  of  details.  However,  it  rests  only  upon  an  applica- 
tion ol  the  ordinary  chemic  reactions,  and  when  the  latter  have  been  mastered,  the  sub- 
ject is  comparatively  easy  and  simple.  It  may  he  laid  down  as  a  general  rule  that  sub- 
itances  are  incompatible  if  they  are  used  in  testing  for  each  other  or  jf  they  form  antidotes. 

Id  the  following  compilation  it  has  been  attempted  to  arrange  the  iacompatlbilities 
into  general  groups. 

In  this  generalization,  it  is  not  feasible  to  take  account  of  individual  exceptions. 
Care  has  been  taken  to  err  on  the  safe  side.  It  is  much  more  important  for  the  physician 
to  remember  that  mercuric  chlorid  is  generally  incompatible  with  alkaloids,  than  it  is 
to  know  that  it  may  be  prescribed  with  some. 
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Definitions.— Incompatibility  is  said  to  exist  when  the  constUitents  of 
a  mixture  itUerJere  with  one  atuither  in  a  way  iwt  itticnded  by  the  prtscriber. 

If  an  interference  is  intentional,  it  is  called  an  intcntiottal  ifuompatihility. 

If  a  chemical  change  occurs,  the  incompatibility  is  called  chemiral. 

UTien  it  consists  in  a  precipitation  of  the  substance  by  a  change  in 
the  solvent,  or  when  a  chemic  incompatibility  does  not  interfere  with 
the  active  substance,  but  produces  an  unsightly  appearance,  it  is  phar- 
maceutic. 

If  the  interference  is  with  the  solubility,  or  if  liquefaction  or  deliques- 
cence occurs,  the  incompatibility  is  mechanic. 

When  without  causing  any  chemic  changes  it  interferes  with  the 
physiologic  action  of  the  ingredients,  it  is  tht-rapeutic. 

Chemic  Incompatibility.— This  may  result  in  explosion,  precipitation, 
or  the  prnduclion  of  nt'w  substances  with  undcsircd  properties. 

Explosives. — Powerful  oxidizing  agents  are  apt  to  explode  when  mixed 
in  concentrated  form  with  easily  oxidizable  substances. 

The  most  important  oxidizing  agerUi  arr;  Chromic  acid;  Concetttrated 
nitric  acid  and  nitrates;  Permanganates;  Chlorates;  Peroxids. 

The  most  important  oxidizablc  substances  are:  All  organic  substances; 
Sulphur,  sulphids.  sulphites,  and  hyposulphites;  lodin  and  iodids; 
Phosphorus,  phosphites,  and  hypophosphitcs;  Reduced  iron. 

Explosions  may  also  result  from  mixing  iodin  with  ammonia  or  turpen- 
tine; and  chlorin  with  ammonium  chlorid. 

Explosions  will  occur  only  when  the  substances  are  dry  or  at  least  con- 
centrated, and  when  they  are  heated  or  percussed. 

Dilute  solutions  may  be  mixed  without  danger  if  not  heated.  Glycerin, 
phenol,  and  in  some  cases  alcohol,  behave  like  dry  solids. 

Permanganate  of  potash  or  chromic  acid  or  nitrate  of  silver  will  de- 
compose organic  substances  even  in  solution,  but  in  this  case  without 
explonon. 

Paviders  may  be  muted  without  concus-sion,  but  even  this  shi*uld  be  avoided,  ^nce 
conditions  favorable  to  explosion  may  arise  after  ibey  leave  the  hands  of  the  dispeaKT. 

PiUt  containing  these  easily  decomposed  substances  are  best  made  with  inorganic 
ejtcipient  (clay  and  vaselin). 

Substances  a)ntaining  loosely  combined  oxygen  may  explode  on  concussion  or 
heating  when  no  reducing  substances  have  been  added;  this  is  due  to  tlieir  containing; 
dust  or  other  orguuic  mutter.     They  should  therefore  be  handled  with  care. 

Gradual  Evolution  of  Gas.^This  occurs  especially  on  mixing  acids 
with  carbonates  or  sulphids;  also  when  mixing  strong  acids  with  alcohols 
(=  esters),  or  with  chlorate  (  =  CI);  also  on  mixing  strong  HCl  and  HNOji. 

Incompatibility  by  Precipitation. — Alkalies  precipitate  earths,  metals 
and  alkaloids  from  their  salts.  Under  alkalies  may  be  included  oxids, 
hydroxids,   carbonates,    phosphates.  Iwrales,    arsenates   and  arseniles. 

ChJorids,  bromids  and  iodids  precipitate  salts  of  Ag,  Pb,  and  some 
alkaloids.     lodid  also  precipitates  mercuric  salts,  rediissoiving  in  an  exces-s. 

Sulphates  precipitate  Pb,  Ca  and  the  other  earthy  metals,  except  Mg. 

Salicylates,  phenol  and  tannin  precipitate  or  color  iron  salts.  Tannin 
also  precipitates  most  other  metals,  alkaloids,  and  some  glucoslds  and 
neutral  principles.     Salicylates  precipitate  quinin. 

Salts  of  metals  are  precipitatetl  by  alkalies,  sulphids,  tannin  and  pro- 
teins. They  precipitate  some  alkaloids  and  acacia.  Mcrcurii  salts  are 
often  incompatible  with  other  metals.  Sihrr  and  lead  salts  are  precipi- 
tated by  chlorids,  bromids,  and  iodids.    Silver  salts  are  also  incompatible 
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wilh  organic  substances.     Iron  sails  art:  colored  by  lannin,  saticylate  and 
pbcnol. 

Calcium  salts  are  prccipitalcd  by  alkalies,  phosphates  and  sulphates; 
Magntsium  salts  by  alkalies  and  phosphates. 

Alkalaidal  sails  and  synthetic  bases  (anlipyrin,  etc.)  are  precipitated 
by  alkalies,  tanniji,  iodin,  potass!  urn- mere  uric  iodid,  and  some  by  iodids 
or  metallic  salts. 

Acaria  is  prccipiiattd  by  alcohol,  Iwrax,  Tr.  Kerri  Chlor. 

pFoductioa  of  Substances  with  Undesired  Qualities. — Iodids  liberate 
iodin  on  the  addition  of  acid  and  oxidizing  agents,  including  HfOs,  ni- 
trites, salicylic  acid,  etc-  They  oxidize  mercurous  to  the  dangerous 
mercuric  salts. 

Chlorates  liberate  chlorin  with  concentrated  acids. 

Chloral  liberates  chloroform  with  alkalies. 

Cliw-ysiiis  (j.i.,  glycyrrhizin  i  are  destroj'cd  by  acids. 

Pharmaceutic  Incompatibilities. — Alcohol  should  not  be  added   to: 

.\caria,  gelatin,  proteins,  emulsions^  strong  salt  solutions. 

Wi^er  should  not  be  added  to: 

Alcoholic  liquids  in  general  (such  as  tinctures,  spirits,  fluidcxtracts); 

1^  to  Etherod  liquids  (oleorcsins).  or  oils. 
henol  should  not  be  mixed  with  collodion.) 

Liqurfdttian  occurs  when  chloral  is  rubbed  with  camphor,  menthol, 
phenol,  salol,  etc.  Any  of  these,  when  rubbed  together,  or  with  coal-tar 
antipyrclit'^,  art-  apt  in  liquefy. 

Especially  Incompatible  Drugs.^^Thc  following  arc  most  likely  to  give 
incompatibilities,  and  any  combinations  should  therefore  be  scrutinized 
wilh  special  care:  Acids,  alkalies  and  carbonates;  permanganates;  iodids. 
Mercury,  iron,  silver  and  lead  salts;  tannin;  alkaloids. 
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A  ready  working  knowledge  of  weights  and  measures  is  indispensable 
in  prescribing. 

Forracrly  every  country,  even  every  Bute,  aod  some  cities,  bad  their  own  lystem 
of  Wrights  knd  measurr^,  rrftihing  in  mdless  confusiao  and  loss  of  time.  This  slate  of 
tlUin  «itU  exHU  to  some  extent.  In  the  Unitnl  States  and  Great  Britain  no  le^  than 
tvT  diileimt  systeou  are  in  conunon  use.  It  is  a  hopeful  Mfcn  that  tbc  United  Slates 
tad  British  Pharmacopeias  and  the  U.  S,  govcmmrnr.  medical  survicr*  rniploy  the  metric 
n.  This  system  oritpnatcd  in  France  near  the  clo&e  of  the  last  century.  It  has 
adopted  io  science  lu  the  rsrlu-sion  of  all  others,  iind  possesses  a  number  of  ud- 
ips  which  Kbauld  cause  all  other  ft>'^tems  to  be  di<^arned.  This  Is  the  ultimate 
tnrfcncy.  und  the  student  ts  urRrd  to  Ivam  the  doses  and  practice  prescription- writing 
ia  tbc  metric  »yslc(n.  Since,  however,  the  common  sptema  are  stilt  used  in  many 
WajJtals  and  >oumaU,  these  must  also  be  ma.stered,  and  the  conversion  of  the  syslems 
pnctKrd 

The  Metric  System. — This  is  based  on  the  decimal  sv-stem,  and  has  for 
tbc  unit  the  measure  of  length,  the  meter  (M.). 

This  mu  intended  to  be  a  natural  unit.  vix..  the  ten-tnillionUi  part  of  the  distance 
bom  the  pole  to  the  equator  of  the  e.irth  nt  .1  particular  meridian.  Suhsequent  m^asure- 
Bnt»  have  Ktven  1  sliichtly  dlBcrent  value  to  this  distance.  The  meter  is  therefore  in 
■fUtrary  standard — the  length  of  a  platinum  bar,  the  original  of  which  is  preserx'ed  io 


The  meter  is  diWded  into  10,  100,  and  1,000  jwrts,  called  respectively 
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decimeter  (dm.),  centimeter  (cm.),  and  millimeter  (mm.).    The  thousandth 
part  of  a  millimeter  is  a  micron  (ji) 

The  contents  of  a  cube  whose  edges  measure  a  decimeter,  or  lo  cm., 
form  the  unit  of  capacity,  the  liter  (L.).  The  thousandth  part  of  this  is  a 
cubic  centimeter  (c.cm.,  or,  briefly,  c.c. ;  also  termed  a  "  milliliter"  or  "  mil "). 
The  unit  of  weight  is  given  by  the  weight  of  a  liter  of  distilled  water  at 
4°C.  in  vacuo:  this  is  the  kilogram  (Kg.).  A  thousandth  part  of  this  is  a 
gram  (Gm.).  A  quantity  ten  times  the  unit  is  expressed  by  prefiacing 
the  Greek  numeral  Deca;  one  hundred  times,  Hecto;  one  thousand  times, 
Kilo.  The  tenth  part  of  the  unit  is  expressed  by  prefixing  the  Latin 
numeral  deci;  one-hundredth,  centi;  one-thousandtb,  milli. 
Thus: 

i,ooo  Gm.  =  Kilogram      (Kg,)* 

loo  Gm.  =  Hectogram  (Hg.) 

lo  Gm.  =  Decagram     (Dg.) 

I  Gm.  =  Gram  fGm.) 

O.I  Gm.  =  decigram  (dg-) 
o.oi  Gm.  =  centigram  (eg.) 
o.ooi  Gm.  =  milligram      (mg.) 

In  quantities  including  several  denominations  only  one  unit  is  used: 
thus,  1.234  Kg.  would  be  read  as  1,234  Gm.;  0.002  Gm.  as  2  mg.,  etc. 
The  quantities  are  always  denoted  by  Arabic  figures  placed  before  the 
appellation.     Fractional  parts  are  always  converted  into  decimal  fractions. 

Milliliter. — The  U.S.P«  and  B.P.  designate  the  cubic  centimeter  as  milliliter,  and  the 
B.P.  further  employs  the  following  divisions  and  abbreviations.  Their  use  does  not 
seem  advisable,  as  they  tend  to  introduce  ctimplications  and  confusions  that  may 
retard  the  final  adoption  of  the  metric  system. 

Liter  (Lit.)  =  1,000        Gm,  of  water  at  4''C. 

Milliliter,  Mil,  Ml.  =         i        Gm.  of  water  at  4''C. 

Decimil,  Dl.  =         0.1    Gm.  of  water  at  4°C. 

Centimil,  01.  =         o.oi  Gm.  of  water  at  4°C. 

In  continental  Europe  the  liquid  measure  is  very  little  used  in  pharmacy,  liquids 
being  usually  weighed. 

Common  Systems  of  Weights  and  Measures.'' — The  denominations  are 
the  following: 

APOTHECARIES'  OR  TROY  WEIGHT 
(used  in  prescript  ions) 

Grain  (gr.) 

[Scruple  (3)        =  20  gr.] 
Dram*  (3)        [  =    33]    =       60  gr. 
Troy  ounce  (3)  =    85      =     480  gr. 
[Troy  pound        =  125     =  5,760  gr.  ] 
(5j  of  water  under  standard  conditions*  measures  504.83  minims.) 

AVOIRDUPOIS  OR  IMPERIAL  WEIGHT 

(a  fiVSTE.V  VSKD  IN  COMMERCE) 

Grain  =  same  as  Troy  grain. 

Ounce  (oz.)  =  437M  grains. 

Pound  (lb.)  =        16  oz.  =  7,000     grains. 

Ton  =  2,000  lb. 

I  Some  authors  begin  all  the  abbreviations  with  capitals;  others  employ  capitals  for  the  units; 
Kram,  liter  and  meter,  and  their  multiples;  and  small  letters  for  fractions  (as  in  the  above  li»ts) 
the  latter  plan  has  some  advantages. 

>  Those  in  square  brackets  are  practically  obsolete. 

*  Also  spelled  drachm. 

*  At  4"C.  and  in  vacuo. 


METROLOGY  47 

UNITED  STATES  APOTHECARIES'  OR  WINE  MEASURE 

(USXD  Df  UNtTBD  STATES  VOX  BOTH  PRBSCKIPTIOIt  AKD  COMMERCIAL  PURPOSES) 

Minim  (HI  or  min.)  (approximately  equal  to  i  drop  or  to  i  grain  of  water — more  exactly, 
0.95  grain). 

Fluidram  (fl5)  -  66111. 

Fluidounce  (flS)  *    8^3  ■"  48o>1t  (flSjof  waterunderstandardconditions* 

weighs  456%  grains). 
Knt  (pL,  or  Octarius,  O)        =  i6fl5  =  7,68oni. 
Qnart  (qt.)  -  a  pts.  =  33  fl5. 

Gallon  (gal.,  or  Congius,  C)  =  8  O      »  128  65  ~  6i,446ni. 
A   gallon    holds    331    cubic    inches. 

Another  system  of  liquid  measure  is  in  use  in  Great  Britain,  and  must 
not  be  confused  with  the  American  system.      It  is  the 

IMPERIAL  MEASURE 

UNITED  STATES  SYSTEM 

Minims  (min.)  •^  0.96  til 

Fluidrachm  (fl.dr.)  3:60  min.  —0.96  fl 3 

Fluidounce  (d.oz.)  »  8  drachms  =0.96  fl5 

Pint  (0)  =20  fluidounces  =1.3  O 

Gallon  (C)  -  8  pints  -1.3  C 

In  writing  the  apothecaries'  measure  in  prescriptions,  the  figures  are 
written  in  the  Roman  system  and  placed  after  the  appellation.  Thus, 
p.  XX,  not  20  gr.  The  ones  are  always  dotted,  and  the  last  one  is  formed 
iikeaj:  thus  5iijt  3vj,  etc.  The  fl.  before  the  sign  is  often  omitted  with 
liquids. 

Fractions  are  written  as  common  fractions:  gr.  Ko»  ^^^  gr.  o.i. 

Popular  Measures. — These  are  formed  of  utensils  commonly  found  in 

the  household,  and  are,  of  course,  very  inexact.    They  should  be  displaced 

by  graduated  medicine  glasses,  which  can  now  be  obtained  very  cheaply. 

Spoons  are  supposed  to  be  filled  so  that  the  fluid  stands  level  with  the  rim. 

The  usually  accepted  equivalents  of  these  measures  are: 

I  drop  (gtt.)  =   I  minim*  =     0.05  c.c. 

I  teaspoon  =  i  fl3'  =     4  c.c* 

I  dessertspoon  =263  =10  c.c. 

I  tablespoon  =4  05  (^5)  —   ^5  c.c. 

I  wine-glass  =   2  fij  =50  c.c. 

1  te^-cup  =  4  flS  =125  c.c. 

I  tumbler  —  8  flj  =200  c.c. 

I  knifepointful  (tableknife)     =15  to  30  gr.  =  i.o  to  3.0  Gm. 

The  units  of  temperature  may  also  be  treated  in  this  place.       , 
The  scientific  scale  is  the  Centigrade  or  Celsius.    In  this  the  range  between  the 
ireeonjj-point  of  water  (o^C.)  and  its  boiling-point  (ioo''C,)  is  divided  into  100  parts. 
'd  the  inconvenient  and  unscientific  Fahrenheit  scale,  in  common  use,  the  freezing-point 
•"f  water  is  sz'F.,  the  boiling-point  3i2°F.,  and  the  range,  therefote,  iSoT. 

Each  degree  Centigrade  therefore  —  ^^Koo  =  %°^- 

Each  degree  Fahrenheit  =  ?^°C. 

The  conversion  of  one  scale  into  the  other  may  be  done  by  the  following  rules: 
To  convert  degrees  Centigrade  into  Fahrenheit:  multiply  by  %  and  add  32, 
To  convert  degrees  Fahrenheit  into  Centigrade:  subtract  33  and  multiply  by  H- 
Sormal  Temperature.~Tht  U.S.P.  has  adopted  ss^C,  77^.,  for  solubilities,  specific 

'  At  4°C.  and  in  vatuc. 

■Ai  k  matter  of  fact,  the  size  of  a  drop  varie;  oreatly  accordinc  to  the  nature  of  the  fluid  and  of 
wewntainer;  there  may  be  from  50  to  ISO  to  a  fluid  drachm.  The  International  Protocol  author- 
•"d  »  itandard  dropper,  designed  to  deliver  exactly  30  drops  per  cubic  centimeter  of  water. 

'Really  from  i*  to  a  fl  5. 

'Ai  a  matter  of  fact,  the  actual  capacity  of  teaspoons  averages  5  c.c.  when  filled  level  (Wilbert, 
'WiJ. 
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gravity,  calibration,  etc..  except  tor  the  specific  grEvity  of  aUuliut,  which  is  taken  &t 
IS.6**C.    The  B.l^.  used  15.5*0.,  ba"?.,  for  mclric  dcterminationa;  i6.7''C.  for  imperial 

measures- 
Advantages  of  the  Metric  System. — These  will  now  he  manifest. 

1.  The  iiK-Uic  systt-m  is  widely  used,  and  is  understood  ihrnughout  the 
civilized  world. 

2.  There  is  a  simple  relation  between  linear,  roHH,  and  liquid  measures. 

3.  The  decimal  feature  determines  great  ease  in  multiplications,  since 
only  a  change  of  a  decimal  point  is  required  to  change  one  denomination 
into  another.  It  is  also  much  easier  to  write  the  quantities.'  Calculations 
involving  sjx-cific  gravity  are  also  much  more  easiiy  made. 

4.  The  adherents  of  the  common  system  claim  that  it  is  more  conven- 
ient for  dosage.  There  may  be  some  truth  in  this,  for  the  grain,  minim, 
and  dram  happen  to  be  more  convenient  doses  than  the  gram  or  cubic 
centimeter.     This  advantage,  however,  is  insignlt'icant. 

Equivalents  of  Metric  and  Common  Systems.— Doses  and  formulas 
may  be  calculated  from  one  system  into  the  other.  For  this,  it  is  only 
necessarj'  to  remember  that  1  Gm.— 15.4  gr.  However,  this  always 
entails  the  possibility  of  some  error  in  reckoning,  which  may  have  serious 
consequences.  The  student  is  therefore  ad\'ised  to  learn  the  dosage 
in  both  systems,  and  to  construct  prescriptions  directly  in  whichever  system 
is  chosen.  If  a  transposition  must  be  made,  the  following  approximate 
equivalents  (which  should  be  thoroughly  memorized  and  practised)  are 
sufficiently  exact  for  prL-scription  purposes;  and  being  simpler,  they  are 
less  apt  to  lead  to  arithmetical  errors,  than  the  e.Kact  equivalents. 

APPRO?ail.\TE  TiQinV.VLnNTS    • 

1  grain  or  minim    «  0.065  C*^-  o'  ^■^' 

I  dram  =  4.0  (— ) 

I  ounce  ^jo.o  (— ) 

I  piut  =  0.5  Liter  C—  ) 

Dosage  Equivalents. — In  memorizing  "average  doses"  even  this  de- 
gree of  approximation  is  needlesslj'  complicated.  The  following  table 
gives  the  most  convenient  figures: 


t  Gm. 

I  c.e. 

I  milUgmm 

I  Liter 

t  KiloRram 


—  tS'S  grains  or  minims. 

=  H*  grain. 
=  I  Quart  (  +  ). 
=  j.nij. 


I 
i 

I 


Above  I  Otn. 


Above 
IS  IT. 


o.t  to  0.7s 

Gm. 


iHt«  II 


9  to  jo 
taf. 


Mows 


Bctow  iU 
•r. 


(«*5l 
US) 
(iS) 
U5) 

U5) 

US  F") 
(30  gr.) 

(»S  gf ) 


0.750 
0.500 
0.300 

0.3S*> 

o.  100 
0.150 
o.ias 
o.ioo 


(H) 

CK) 

C4) 

(Ha) 

(Ms) 

(Ho) 

(4o) 


'  An  eKarapli!  will  make  tbw  dearer:  Take  40  Gm. :  in  the  Unh*"!  State*  »ymtcm  thii  miul  bm 
irnti*ii  5j  51;  gt.  Rvij,  Shoulfl  ii  be  ntcc«Mry  to  c*lcuUte  five  Umcs  this  ^Mtitiir.  one  fnolti- 
pliiration  will  lutfice  with  ilie  metric  tyitcm:  $  X  4a  —  joo  Gm.  But  with  tbe  AtroihecariM* 
tintem,  theuperalion  woultl  W  tnxich  more  romplit-ateil; 

,     S  X  5i     3lj  «r.  xvij  •    3v  Sxgr.Iuav 
This  mtut  b«  rvduoed: 

5v  -   Sv 
5*  -  3J     S»j 
gr.  Iiixv  •  Si  t*'  x*T 


n 


I  meter  "30.370  inches. 

''S  ft.  3.370  mchtA. 
—  I  yd.  3.370  inches. 
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EXACT  EQUIV.ALENTS 

SPACE 

I  inch  "  o.oaS4  M.  —  2.34  cm. 
I  ft.      =3o-"7  cm- 
I  yd.    =91.440  cm. 
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CAPACITY  CCxTTEO  States) 


V 


I  C.C.  =16.13  m. 

1  L.     -33  8<5  flS 
=  a.113  pt«, 
"  0.3642  gsl. 

1  TU      =  0.06161  c*. 

1  fl3    =  3  7      C.C 
I  flS    =J9  574    ex. 
I  pt.    =  0.4731  L. 
I  gal.  "  3.7854  L. 

P 

CAPACITY  {British) 

1 1..      ^  1,760     pints. 
^0.3309  R&Uons, 

1  pint          =0.5679  L. 
1  gallon       =4-5435  1- 

WEIGHT 

1  mg.  -  X4           gr- 
iGm."  15-43'      Sr. 

"  0.03537  ot.  Av. 

—  0.03313  5  Troy. 
1  Kg.  s  3,3046  lb. 

1  gr.             =64.8  mg.  =  0 
l5                  =   3-888  Gm. 
I  oz.  Av.      =38.3495  Gm. 
I  5  Troy    "31.1035  Gm. 
1  lb.             =  0.4536  Kg. 

1.0648  Gm. 
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Toxicology  is  the  science  of  poisoning.  The  details  of  the  actions  and 
symptoms  will  he  considered  in  connection  with  the  individual  poisons; 
but  certain  matters  of  general  application  may  be  discussed  here. 

Definition  of  Poison.^A  poison  (from  potion,  a  draught),  by  the  broad- 
est delmition.  is  a  substance  the  administration  of  which  is  injurious  to 
health.  However,  injurious  mechanical,  physical,  or  bacterial  agencies 
are  not  commonly  classed  as  poisons;  nor  are  the  substances  which 
produce  injurious  effects  only  in  very  large  doses  (say  over  50  Gm.). 
It  is  very  difficult  to  give  a  definition  which  will  not  be  ambiguous 
in  some  ca.ses  (see,/.i.,  the  collection  of  definitions  by  Murray  and  Frame, 
1914).  The  following  covers  most  of  the  points  which  must  be  con- 
sidered in  classing  a  substance  as  a  poison: 

.A  poison  is  any  substance  which,  acting  dtrucily  through  its  inherent 
chcmic  properties,  and  by  its  ordinary*  action,  is  capable  of  clestroying  life, 
orofseriouslycndangcrtnghealth,  when  it  is  applied  to  the  body,  externally. 
Of  in  moderate  do.ses  (to  50  Gm.)  internally. 

Etiology  of  Poisoning. —Poisoning  may  result  through  criminal  or 
suicidal  intent,  or  through  accident. 

The  statistics  of  titc  relative  frequency  of  Uk*  diScreat  forms  of  poisoning  vary 
fnm  yetr  to  ymr,  and  with  each  country.  A  classified  list  uf  deaths  from  poisoning  tn 
the  V.  S.  regUuatton  area  is  given  by  VVilhert,  1916,  Suicidal  poisoning  is  probably  the 
Bust  (requrnl,  nearly  a  half  of  the  suicides  in  the  United  States  being  due  to  polaming. 

It  i*  calculated  that  here  five-sixths  nf  all  suicidal  cases  are  due  to  phenol.  There 
ii,  Itowever,  a  fashion  in  poisons,  as  in  other  things.  This  is  greatly  lostered  by  the 
aatoriety  which  the  ncw^papen  often  give  to  these  cases. 

Symptoms  of  Poisoning  and  Classification  of  Poisons. — Sus^cion  of 
poisoning  is  aroused  if  a  person,  previously  in  good  health,    manifests 
rather  suddenly  marked  pathologic  symptoms,  whicb  become  rapidly 
vone.    The  suspicion  becomes  more  firm,  if  the  phenomena  appear  a 
4 
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short  time  after  swallowing  some  substance  which  may  perhaps  have  an 
unusual  odor  or  taste;'  if  they  agree  in  character  with  those  produced  by 
some  group  of  poisons,  and  if  they  do  not  agree  with  any  other  disease. 

With  reference  to  these  symptoms  several  classes  of  poisons  are  quite 
well  defined. 

I.  IrriUnts. — Thne  produce  JnflaminatioD;  if  Ihcy  a.rc  taken  by  the  mouth,  there 
Is  pain  ihrauglioul  the  alimentary  canal,  vuraiting,  pur}rin^,  delirium,  coma.  Most 
poisons  arc  to  some  extent  irritant,  so  that  these  symptoms  are  a1mc»t  univerKilly 
present.  The  irritants  ran  be  subdivided  into  corrvsives,  which  produce  a  dirtx-l  de- 
struction of  tissued;  and  simple  irritanis,  which  do  noL  If  corroMves  arc  taken  fay 
the  fitamach,  the  vomtt  \%  often  bloody. 

a.  Nerve  Poisons.^The*e  uct  on  the  ncurorauscular  apparatus,  and  includ*-  mo5t 
of  the  poisons  which  are  fnt.-i1  in  minute  doses.  They  are  suudivided  into:  Coovulsants, 
which  cause  spasms;  Somnifacieats,  causing  sleep  and  coma;  and  Cardiac  poisons, 
vrliich  *ti)]»  the  Imarl. 

3.  Blocd  Poisons.  —Those  whicli  alter  the  hemoglobin  ur  blood  corpuscles.  These 
include  the  toxic  i{ases,  Ihe  nitrites,  etc.  Their  action  is  generally  characterized  by 
cyanosis. 

It  must  not  be  supposed  that  the  action  of  a  poison  Ls  condncd  cencrally  to  one 
class  of  structures  or  fimctton!^.  All  functions  suffer  directly  or  indirectly,  and  whatever 
the  class  to  which  the  poison  belongs,  the  IJnoI  cause  of  death  is.  in  almost  all  cases,  a 
paralyius  of  respiration,  preceded  by  the  phi-nnmcna  of  iupkyxin.  In  Wrtue  of  the 
latter,  or  through  other  causes,  the  urine  often  contains,  sugar. 

The  irritants,  and  csiwcially  the  corrosive*.,  produce  lesions  which  can  be  demon- 
atrated  at  Airropsv.  With  other  poisons  the  postmortem  examination  is  generally 
negative.  Tlic  Spf.ctrum  op  the  Blood  shows  characteristic  changes  with  some 
poisons.  Thc5e  are  jilso  apt  to  cause  ecchymotic  discolorations  of  the  skin.  Anti- 
septic poisons  drfjy  the  pxtircjadion  of  the  body,  so  that  mumraiiicatioa  nuiy  result. 
Convulsive  poisons  quicken  the  onwt  of  rii^or  mtfrth. 

Duties  of  the  Physician  in  Cases  of  Poisoning. — These  are  twofold: 
tnftave  lifeor  t^uffering.and  to  forward  justice.  Tht?  former  object  requires 
the  removal  of  the  poison,  the  administration  of  chemical  antidotes,  and 
the  treatment  of  the  symptoms. 

For  the  dcUction  of  the  poison,  and  to  aid  in  fixing  the  guilt  on  the  proper 
person,  the  physician  must  carefully  observe  the  symptoms,  take  pos- 
session of  any  suspected  material,  medicine,  vomit,  etc.,  and  in  case  of 
autopsy,  preserve  the  stomach  and  its.  contents,  the  intestines  and  contents, 
blood,  liver,  kidneys,  and  portions  of  other  organs,  separaUiy,  without 
antiseptics,*  in  clean,  hermetically  closed,  glass  vessels,  which  should  be 
sealed  with  wax.'  An  exact  wriUfn  record  of  all  the  observations  should 
be  made  as  soon  as  possible. 

The  symptoms  in  cases  of  suspected  poisoning  are  very  rarely  sufficient 
to  affirm  the  presence  or  nature  of  a  poison,  although  they  may  be  of  great 
aid  to  Ihe  analyst.  The  final  proof  rests  generally  as  the  rtrsuita  of  the 
chemic  examination. 

So  much  depends  on  this  analysis,  that  it  should  ne^'er  be  undertaken  by  anyone 
who  has  not  bad  oxlensive  experience  in  this  cIoks  of  work,  and  who  has  not  the  neces- 
sary facilities.  It  lies  entirely  outside  of  the  »ccipe  of  tiie  practifrinK  physician.  The 
latter  should,  however,  be  familiar  with  the  Rrneral  outline  of  the  process  us^'d  for  isnlal- 
ing  poisons;  and  with  ^^fh  chemic  te^ts  as  may  be  quickly  applied.  These  tests  are 
often  valuable  for  <Uai;nostic  and  therapeutic  purposes.  'Lhi:  phy^cian  15  also  expected 
to  give  expert  testimony  on  toxicologic  questions,  and  to  do  tms  intelligently,  he  must 

>  It  tnay  a^p«ar  strkntft  that  potions  which  posMM  a  pronounced  aftd  disa8'*«*t>le  taste  ceulil 
be  ued  fur  cnmiaal  pouoninc.  axcept  with  icfMitt;  tntt  ■  roomrat'*  tbou«ht  nill  show  tliai  U  a 
liquid  IK  tjikcn  uniuciwctinslv,  th«  Uaie  it  not  nnttccd  until  a  lariv  amoanl  hu  bf*a  swkllnwed. 

'  Ev«n  Rlucoaid  &nd  alkaloid  po{»om  can  he  iM>lated  for  a  tori  time  (160  to  tjo  A*yt)  from 

?utr«fylnii  maitcs.     Soum  poitoa*.  how«<rei.  diuftpeat  raiiidly   (Pho«phonis.  Cyanul,  Picrotosin. 
'lienul,  etc).     Slrjrchnin  oind  morphin  mn  very  pmiMrnl.  * 

*  la  rraefgcncy,  r  nire  or  specially  marked  coin,  or  a  key,  maj'  arrre  to  imprcM  (he  ual. 
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have  at  least  an  dementary  knowledge  of  toxicologic  analysis,  such  as  is  furnished  in 
the  following  section. 

Some  poisons  can  be  demonstrated  much  better  by  tests  on  animals  than  by  any 
cfaemic  tests.  For  this  object,  they  should  be  isolated  in  as  pure  a  form  as  possible, 
by  the  methods  laid  down  in  this  section.  The  application  of  these  life  tests,  which 
have  not  hitherto  received  the  attention  that  they  deserve,  falls  peculiarly  into  the 
province  of  the  scientifically  trained  physician. 

OUTLIKE  OF  TOXICOLOGIC  AKALYSIS* 

Pregmtions. — The  first  duty  of  the  analyst  is  to  guard  the  material  confided  to 
him  from  the  wilful  or  accidetUal  introduction  of  poisons.  For  this  purpose,  precaution 
must  be  taken  that  no  other  person  has  access  to  the  material;  and  every  reagent  and 
apparatus  must  be  tested  personally. 

As  a  rule,  the  different  organs  must  be  kept  strictly  separated  throughout  the  analysis. 
It  will  depend  on  drcumstaoces  whether  the  analy^s  of  the  individual  organs  is  made 
at  the  same  time,  or  successively.  If  the  latter  is  decided  on,  the  largest  organ,  or  that 
most  likely  to  contain  the  poison,  is  examined  first.  It  may  be  advisable,  however, 
to  mix  a  weighed  quantity  (one-fourth  or  one-third)  of  the  commiouted  organs,  and  to 
tae  this  mixture  for  the  first  analysis. 

Since  the  material  to  be  analyzed  is  usually  limited  in  amount,  and  can  not  be 
iqilaced,  the  examination  must  be  arranged  in  such  a  way  that  as  many  tests  as  possible 
can  be  made  successively  on  a  single  sample  of  the  material.  An  economy  of  time  and 
material  is  also  secured  by  obtaining,  as  quickly  as  possible,  some  idea  of  what  poisons 
may  be  present.  Thb  may  be  done  by  some  easy  preliminary  tests,  or  by  usmg  so- 
called  "group-reactions"  which,  if  negative,  will  exclude  a  number  of  substances.  The 
symptoms  may  also  have  furnished  some  important  hints,  but  should  never  prevent  the 
cranplete  examination  of  the  substance. 

During  the  isolation  and  the  preliminary  search  for  the  poison,  only  the  most  im- 
portant tests  should  be  applied.  When  the  poison  has  been  isolated,  however,  it  should 
oe  subjected  to  every  known  test.  A  sample  of  the  isolated  poison  should  be  preserved, 
instable  form. 

Preliminaiy  Ezammation. — The  ^stematic  examination  is  begun  by  a 
careful  inspection  of  the  portions  of  the  alimentary  canal.  These  are 
opened,  and  extended  on  an  inverted  evaporating  dish,  mucous  surface 
upward.  Pathologic  lesions  are  looked  for,  as  also  particles  of  the  poison 
which  may  be  adherent.  A  magnifying  lens  should  be  employed.  {Gran- 
ules of  arsenic  have  often  been  isolated  in  this  way.)  The  contents  of 
the  alimentary  canal,  or  vomited  matter,  are  subjected  to  a  similar  close 
inspection.  The  odor  should  be  carefully  observed.  During  this  exami- 
nation, the  reaction  to  litinus  paper  should  be  noted  (caustic  acids  or 
alblies). 

Each  organ  is  then  hashed,  carefully  weighed,  and  replaced  in  hermetically  sealed 

Isolation  of  tiie  Poison. — No  routine  schema  of  analysis  will  fit  all 
ases,  since  each  presents  its  own  problems.  However,  the  following 
illustrates  the  usual  procedure. 

Diiision  of  Material. — Ordinarily,  each  organ,  after  comminution,  is  divided  into 
tit  following  portions  carefully  weighed:  One-third  is  reserved  for  control;  one- 
ftntieth  for  preliminary  tests.  The  remainder  is  divided  into  four  parts,  used  respect- 
'*tly  for  the  search  for  volatile,  fixed  organic  and  inorganic  poisons,  and  for  reserve. 
W  tie  Quantity  of  material  is  very  scanty,  two  equal  portions  will  suffice:  one  is  reserved 
w  preliminary  tests,  easily  decomposable  poisons,  and  control;  the  other  is  examined 
■Kcesaively  for  easily  \'olatiie  poisons,  for  fixed  organic  poisons,  and  for  metals. 

Volatile  Poisons. — A  portion  of  the  material  is  acidulated  with  tartaric 
*dd  (adding  water  if  necessary),  and  distilled  from  a  flask  or  retort  con- 

L^l This  section  should  be  studied  in  connection  with  the  practical  exercises.     Gadamer's  "Lehr- 
™''i  itt  chemischcn  Toiicologie  "  is  an  excellent  reference  book. 

Ai  «oon  as  the  absence  of  volatile  poisons  has  been  proven,  the  contents  of  the  jars  may  be 
••efed  with  95  per  cent,  alcohol. 
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necled  with  a  Licbig's  condenser.'  It  Is  advisable  to  pass  a  slow  current 
of  live  sleam  through  the  mass.  Tlic  distillation  is  continued  until  about 
two-thirds  of  the  liquid  have  been  collected.  The  distillate  is  collected 
in  three  portions.  The  odor  is  noted  (volatile  oils,  chloroform,  ether, 
etc.).  and  the  characteristic  testa  applied  for  phosphorus,  phenol,  cyanids, 
alcohol,*  chloroform,  chloral,  etc. 

Pho^honis.— A  preliminar)-  test  for  this  element  must  be  nuule  with  silver 
nilra-tc  and  lead  acetate  papers  bcinrc  Iht-  dislillution  h  begun.  If  this  test  indicates 
its  priTM^nce,  the  condenser  i^  srt  vcrticaliy  downward,  and  tbc  di<iltUaUon  is  carried  on 
in  a  darkened  mora.  All  air  is  ■.-xfirllcd  from  Ihe  apparatus  by  a  stream  uf  carbon 
dioxtd.  Thli  is  then  shut  off,  uml  replaced  by  live  steam,  the  flask  being  healed  at 
the  same  time.  If  phosphorus  is  present,  a  luminous  ring  appears  in  the  tubes 
or  condenser,  shifting  it*  position  when  the  heat  applied  to  the  flask  is  altered  (  ifilifkfr- 
iich'i  mrlkod).  The  appcanioce  of  this  phcnomenan  proves  the  presence  of  phosphorus 
alMoliitely. 

There  arc.  however,  quite  a  number  of  substances  the  presence  of  which  interferes 
with  the  frsrmiition  of  this  rinR.  Almost  any  volatile  substance  may  do  Ki;  turpentine, 
cliloroform,  ether,  alcohol:  and  alcohol  is  often  present,  as  it  is  usually  ^ven  ax  an 
aaiidote. 

The  absence  of  the  ring  docs  not,  therefore,  prove  the  absence  of  pho»iphoruv  The 
distillate  will  conluiti  plimphorus  in  the  lower  stages  of  oxidation,  a?  phosphorous  or 
hypophosphorous  acid.  The  best  way  to  prove  phos-plionis  in  this  is  lo  add  some  bromin 
water  to  the  distillate  and  to  evaporate  to  dr>-ness.  This  results  in  phosphoric  acid, 
which  may  be  demonstrated  by  magnesia  miitture  or  ammoniuni  molybdale.  The 
C|uantitati%'e  determination  of  phosphorus  is  not  important;  becaufx  if  it  is  present  at 
all,  it  ia  present  as  a  toxic  uK^rnl. 

Cyaoids. — Tiie  ]>resencc  of  mere  traces  of  hydrocyanic  acid  in  the  distillate  is  no 
proof  of  poisoning,  since  these  may  have  lieen  introduced  in  the  way  of  food  (almonds 
or  other  seeds).  A  qtt'tntifalhr  estimation,  by  means  o(  silver  nitnite,  may  be  iwceftsary. 
The  qualitative  proof  also  requires  two  further  precautions: 

with  the  method  which  we  have  given,  ferrocyanids  might  also  be  decomposed  and 
give  rise  lo  hydrocyanic  acid;  and  smce  ferrocyanids  are  not  toxic,  thU  would  lead 
to  wrong  conclusions.  To  eliminate  this,  the  original  liquid  is  filtered  and  the  Prussian 
blue  test  applied  to  it  directly.  Mercuric  cyanid  does  not  yield  its  hydrocyanic  acid  in 
this  treatment.  If  it  is  suspected,  the  material  must  be  treated  with  hydrogen 
sulphid. 

Distillation  from  Alkalittf  Soluticn. — It  is  sometimes  recommended  to  add  water  to 
the  residue  in  the  retort,  to  make  it  alkaline  with  sodium  carbonate,  and  to  distill  again. 
The  di^ilillate  cnntainii'  ammonium,  amines,  rhloroJorra  (If  chloral  was  present),  and  the 
volatile  .alkaloids.  This  step  may  generally  be  omitted,  as  these  poisons  arc  discovered 
in  other  parts  of  the  process;  or  a  small  sample  may  be  heated  in  a  test-tube  with  sodium 
carbonate,  and  the  odor  noted. 

Extraction  of  Fixed  Organic  Poisons. — The  extraction,  separation  and 
purilication  of  these  poisons  are  based  on  their  special  solubility  in  certain 
solvents.  As  a  rule,  they  are  all  (airly  soluble  in  acidulated  water  and 
alcohol.  The  neutral  principles  are  removed  from  the  acid  watery  solu- 
tion by  ether  or  chloroform.  The  alkaloids  are  dissolved  by  these  sub- 
stances only  after  the  addition  of  an  alkali. 

In  brief  outline,  the  suspected  materia!  is  first  extracted  with  boiling 
acidulated  water  and  alcohol.  The  acid  waterj'  extract  is  then  treated 
with  ether,  which  dissolves  netttral  principles  and  various  impurilics,  but 
which  leaves  the  alkoloids.  These  are  extracted  later  by  fresh  ether,  after 
rendering  the  solution  alkaline. 

Various  melliods  are  in  use.  'lite  most  practical  is  that  of  Stas-Otto,  sJightly 
modified: 

§  I .  The  poisons  are  first  braughl  into  soUtticH  by  boiling  the  material,  if  solid,  with 
about  s  parts  of  water  for  fifteen  minutes  (or  the  a-siduc  remaining  after  the  distiUation 


'  Siw  helnw  (or  ■pecial  arranitcment  lit  b«  utcd  whto  phosphonii  ii  jwMcBt.  . 
*  Alcohol  b  only  ImtHirUnt  if  it  is  pment  in  large  amouats.    Smaller  qtwatit 


accidKitally  or 


only  imtHn 
u  antidot 


te  ntay  tw  prOMnC 
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of  the  acid  kolution  niBy  b«  used).  The  nuxture  ts  cooled  uid  strained.  Tbis  remopes 
/*,  coafuLiUt  prctfid,  fiber,  ri<.> 

is.  The  strained  solution  is  evaooratcd  at  a  low  temperature  to  a  syrupy  con* 
wteecy,  and  boiled  with  twice  its  voiuine  of  alcohol,  for  fiftrrn  minutes.  The  wBpo- 
rated  akohol  i&  replaced.  It  is  then  filtered,  and  the  olter  washed  with  alcohol.  This 
rcNMRTX  laiti,  non-ccKigidahU  proUidt,  etc. 

5j.  The  alcoholic  filtrate  ts  diluted  vrith  an  equal  volume  of  water  and  filtered. 
This  Ttmooes  rains,  fats,  tic.  (The  residue  may  be  t-xarained  for  calliartic  resins  and 
croton  oil)     (For  further  purification,  the  lillwte  may  be  again  treated  by  §|2  and  3.) 

f4.  The  filtrale,  which  should  have  an  acid  reaction,  is  now  shaken  in  a  separatory 
funrtcl  with  10  c.c.  of  ether.  'I"his  is  drawn  ofl,  and  ihc  same  process  is  repeaic'd  twice. 
TTiie  ether  rrmoKS  nrulral  prindfUs,  pkrie  add,  and  saiicyfU  acid.  It  is  filtered  and 
allowed  to  eii'aporatc  in  a  kIbss  capsule,  and  the  residue  is  purified  and  tested  (or  these 
adds,  for  caflein,  canthatidio,  colchicio,  dli^talin,  picrotoxin,  and  the  coal-tar  anti- 
pyretics. 

f  5.  The  xratcry  s^ution,  rcmainins  from  the  extraction  with  ether  in  the  la.«r  para- 
gimpi.  15  now  made  fairly  alkaline  witn  sodium  carbonate  [ic  tibtratc  the  alkaloids)  and 
a^^ain  extracted  \nth  ether,  us-  in  the  last  paragraj^.  From  thi'i  alkaline  olulion.  the 
ether  rcmovci  all  alkaloids  except  morpkin.  The  ethereal  layer  is  filtered  and  evaporated, 
the  residue  1*  piirifii-d.  and  tested,  first  by  potassium  mercuric  iiidid,  then  for  phj"*©* 
•dgmin,  apomorphin,  nicotin,  coniin,  veratrin,  strychnin,  brucin,  atrcipin,  cocain,  codein, 
naicotin,  eraelin,  and  aconitin. 

{6.  T«  isolate  the  marfihin,  the  water>-  li<)uid  remainln]^  in  the  la.*it  paragraph, 
ii  ouuie  acid,  then  alkaline  by  ammonia,  and  shaken  at  once  vt-ith  acetic  ether,  or  with 
W  amyl  alcohol. 

I7.  To  test  for  oxalic  acid,  the  origiaa!  subit&nce  ia  partly  dried,  extracted  with  5 
ex.  ol  hydrochloric  acid  and  20  c.c.  of  boiling  alcohol,  for  half  an  hour,  filtered,  evapo- 
tstKl.  extracted  witlrwatcr,  and  tested  by  Ex.  10,  No.  35.  SantoHin  and  Metontc  Acid 
mstalso  be  rttracled  \>y  special  methods, 

DngKidorff's  Method. — In  thU,  a  more  extensive  separation  of  the  poisons  \% 
ttrtJttned,  by  multiplying  the  solvents  and  operations.  The  preliminary  treatment  is  as 
per  f  (i,  3,  and  3.  The  acid  dilution  is  then  exhausted  successively  by  petroleum  elhrr, 
Maol  and  chloroform;  and  then  in  alkaline  wlution  by  the  &ame  sequence  of  solvenu, 
tad  finally  by  amy)  atcuhol. 

nppnnhrrtrr'i  Method. — This  possesses  the  advanta^  of  separating  the  poisons 
il  purer  form  from  the  start,  but  it  involves  technical  dilTicultics.  It  depends  on  the 
luolability  uf  the  tannates  of  proteins  in  glycerin,  whilst  tlie  organic  poisons  arc  soluble 
ia  this  medjaro.  The  solid  material  (say  100  Gm.1  is  diRcstcd  (or  two  days  at  40'C. 
with  TO  Om.  tannin,  i  Oni.  tarlanc  acid,  and  100  I'im.  glyrerin.  The  mass  is  e.iipressed; 
the  residue  is  wojihed  with  tannic  glycerin.  The  fluids  are  diluted  with  water,  heated 
t0  5&°C.,  and  filtered.  The  tillrate  is  then  extracted  twice  with  |>etni!eum  ether,  which 
itBiAvts  mainly  fats.  The  glycerin  layer  is  then  extracted  as  in  the  Stas-Otto  method 
{\\l  and  5),  but  using  chloroform  in  jiluce  of  ether. 

For  the  purififatioH  af  iht  ailmlaids,  the  residue,  left  by  the  evaparation  of  the 
cUocoform.  ts  dissolved  in  acidulated  water,  neutralized,  and  at  once  precipitated  by 
iMStt-potasuum-iodid.  The  precipitate  is  collected  on  a  small  filter,  washed  u-ilh  cold 
witer  dried,  and  dissolved  in  hot  acetone.  The  tiltcred  acetone  solution  is  treated  fir«t 
*Ufa  alkali,  then  with  ^u  id,  then  with  water;  the  acetone  is  exprlled  on  a  water  bath, 
ud  the  remaining  watGr>'  solution  i.^  decolorized  by  sodium  hyposulphite.  The  solution 
btheo  made  alkaline  with  >odium  carbonate  and  estr.utcd  with  ettier  or  chloroform. 

Physiologic  Tests. — The  |KitM>n4  ifi(>1ate<l  by  these  methods  are  ofteji  not  sulTiriently 
pare  to  jive  the  ty^Mcal  chemic  tests;  furthermore,  certain  of  the  tests  are  closely  rimu- 
Uled  by  ptonmlns.  This  holds  true  also  of  the  ph\-sioloEic  tests,  i.r.,  the  effects  on 
uifBaK.  The  only  way  to  distinguish  with  certainty  between  these  is  to  use  both  the 
thttoJc  and  the  nh.vsiologic  te<,ta.  For.  as  far  as  is  known,  there  are  no  ptomaitw 
■tteh  ji\x  both  Ihc  chemic  and  physiologic  teiU  of  one  alkaloid. 

The  physiologic  tests  can  generally  be  obtained  with  fairlv  impure  prepamlions. 
"nwyare  most  typical  in  (he  case  of  strychnin,  atroiiia.  physosligmin,  aconite,  digitalis 
py,  picrotoxin,  veratrin.  canthari^,  croton  oU.  The  subject  is  elaborated  in 
Fwnnrr'?  "Nachweiss  von  Gtftcn." 

IsoUtion  of  Fixed  Inorganic  Poisons. — The  rt^siducs  of  the  preceding 
optrations   may  be  used  for  the  search  of  these  poisons.    The  usual 

'  U  U  ua4entaod  tlMl  tb*  rrcnaiiuna  bum  sboDld  b«  wMbadt  in  «verr  iD«tanc«  at  filtrktioo  or 
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methods  of  inorganic  aDalysis  are  followed;  but  it  is  superfluous  to  t( 
lor  non-poisonous  constituents. 

TIk  ab^ncv  of  many  metiilik  poi««ns  can  bt-  quickly  shown  by  Rcinsch's  U 
This  doni  not,  however,  dispense  [rem   further  tests.     Only  an  outline  can  be  givtn 
heir: 

A:  Dcstnictioa  of  Organic  Matter  and  Solution.— A/ f/Aod  ofFresenius  and  liabo.-' 
Organs  or  syrupy  rcsiciuc,  j)lu»  300  ex.  to  500  c.c.  of  an*t:mc-fiTf  HCl  (i :  3)  in  liter  &Bsk; 
heat  lukewiirm.  .^cld  4  to  6  Om.  KDOi  in  0.5  Gm.  ix>rLiuns,  till  diMulvt»l.  Evaporate 
to  about  100  C.C.  (no  free  CI).  Dilute  to  400  ex.  Add  a  c.c.  dilute  HiSOi.  Stand  over- 
night.    Filter.     FUtratr.    =   B.     Retutnr   =   K. 

Filtrate  B.— rais  through  filter,  add  water  to  just  500  c.c.  Use  50  c.c.  for  Marsh's 
test  (mc  L).  If  A  sis  pn-«cnt,  use  balance  for  quantitative  (sec  C).  If  not,  evaporate 
small  sample,  dissolve  m  10  c.c.  water,  add  N'H.OH:  blue  -  Cu. 

C. — Heat  balince  of  filtrate  B  tu  So^C.  and  piiss  arsenic-free  HjS'  for  two  or  three 
hours,  until  coot.  Heat  again,  and  rcjical.  Stuppcr  and  bet  aside  in  warm  place  for 
lw«nly-f<jur  hours.  Prfi pilule  may  CMrilain  As,  Sb,  Hg^  Cu,  Pb.  It  may  be  used 
for  the  quantitative  estimation  of  As,  or  for  further  identihcation  by  D.    Fillrau  =  /. 

D  {ftiS  prefifiUaU  cfC). — Wash  w-ith  HiS  water,  warm  with  4  cc.  ammon.  sulphid. 
4  c.c.  amrannia.  ft  cc.  water.     Filter.     FUlrnU  —  E.     fnsoluhlf  =  F. 

E  {FUtTQtt  oj  Zl).— Evaporate  to  dry;  heat  with  UN'O*  till  pure  vellow;  heat  to  expel 
HNO,;  add  N'ajCOj  and  NaNOi;  fuM;  v\tracl  with  boiling  water;  add  a  Cim,  N'aHCO>. 
Kilter.  Filtrate  contains  As  and  may  be  ukhI  for  quantitative.  The  insotitbif  »  Sb. 
(.Apply  tests.) 

F  {Insotublt  of  /?).— Oxidize  residue  and  filter  in  capsule  with  HCl  and  KCIOj; 
filter;  dilute;  heat;  pa^is  H,S;  filter;  wash  precipitate  with  warm  HNO«.  Filtratf  »  C. 
PrfcipilaU  =  //. 

G  {FUlrate  of  F). — Add  10  drops  dilute  HtSO«;  evaporate;  take  up  with  wa' 
Residue  =  Pb.    FUlrate  »  Ctt,     (Apply  tests.) 

H  {Predpitate  of  F). — Oxidize  with  aqua  rcgia;  evaporate;  filter;  dilute:  test  for  Hg. 

I  (FUtrate  of  C). — Use  half  for  zinc,  half  for  chromium. 

Zn:  Neutralize  with  KOH;  acidulate  with  HiCiO;;  precipitate  with  HiS;  wash 
precipitate  with  iljCiO;  in  HiS  water  (1:5);  incinerate,  precipitate  and  filter;  dissolve 
in  dilute  IIjSOi.  plus  a  little  HN'Oi;  evaporate  dry;  di>solvi-  in  H»0;  test  fiir  Zn. 

Cr:     Kvaporate  to  Just  moist;  mix  with  KXOi;  dry;  fuse;  dis-wlvc;  test  for  chromate- 

K  (Rusuhir  of  t).— Fuse  with  KXO.,  Na,COi,  and  XH.N'O..  Suspend  in  H,0; 
pass  COt;  boil;  iiller.  Dissolve  precipitate  in  dilute  HNOj.  Test  this  sotuiioo  (or 
A«,  Ba,  and  Pb. 

Marsh's  Teat  [see  B). — Produce  hydroj^en  in  flaslc  by  acting  on  pure  sine  with 
arscnic-frce  HCi;  pa»s  through  CuCl.,  through  tubes  drawn  out  at  several  places.  Heal 
to  redness  at  the  thick  pnrtinti  of  a  segment.  (This  hUink  twi  should  be  continued  for 
six  hours.)  If  no  mirror  appears,  introduce  the  suspected  solution.  Black  mirroc 
occurs  with  arsenic  or  anttmuny.    They  may  be  distinguished  as  follows: 


lu.; 
Hg.      ] 


AasEstc 

Mirror  beyond  healed  portion. 

Garlic  odor  on  healing  in  air. 

Dissolves  in  hypochlorite. 

Racily  volatilized  when  heated  in  hy- 
drogen. 

Heated  in  air,  yields  easily  volati!i«e<l 
white  crystals. 

Heated  in  lltS,  yellow,  insoluble  in 
HCl. 

|>i.'iM>lvcd  in  HNOi,  evaporated,  plus 
AgNOi,  plus  vapor  of  NH»,  red  or  >t|1ow 
piecipitale. 

TREATMENT  OF  POISONING 


A.VIIUONY 

Mirror  at  healed  portion. 
No  odor- 
Nut. 


Not  easily  volatilized 

Amorphous  white  residue,  not 
volatilized. 

Red     (black    on    strong    heating  1 
s-iIuWe  in  HCI. 

N'o  color  in  cold;  black  (metallic  Ag 
on  healing. 


Whilst  everj'  case  of  poisoning  demands  to  be  treated  by  itself,  yet 
certain  general  principles  are  all  but  universally  applicable.  These  are 
the  more  important  since  the  nature  of  the  poison  is  so  often  unknown. 

'  H*S  punttrd  by  jMusing  through  wmCct,  calduoi  cblorid,  aod  a  tube,  }0  CtB.  long,  filled  with 


^ 
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The  first  peculiarity  of  poisoning  to  deserve  especial  attention  is 
the  rapid  course.  This  demands  that  whatever  measures  are  taken, 
they  must  be  taken  qttickly.  The  physician  should  therefore  be  thor- 
oughly familiar  with  the  general  rules  of  treatment,  so  that  no  hesita- 
tion or  delay  occurs.  On  this  account  also,  the  antidote  nearest  to 
hand  should  be  used  in  preference  to  one  which  can  only  be  obtained 
with  delay,  even  xf  the  latter  should  be  theoretically  preferable. 

The  treatment  of  poisoning  is  directed  against  the  cause  and  the 
symptoms.  The  former  consists  in  removing  the  poison,  or  in  render- 
ing it  harmless.  Since  neither  of  these  objects  can  usually  be  attained 
absolutely,  both  are  generally  attempted  at  once. 

Removal  of  the  Poison. — The  measures  diiected  to  this  end  must 
vary  with  the  site  to  which  the  poison  was  applied. 

'On  the  skin  and  on  accessible  mucous  mernbranes  this  will  be  accom- 
plished by  a  thorough  washing  with  water.  This  will  also  be  useful*  by 
diluting  the  poison.  If  the  poison  is  only  sparingly  soluble  in  water 
(as  phenol)  alcohol  may  be  employed;  Soap  may  be  useful,  but  should 
be  avoided  if  the  poison  is  an  ^all.  The  appropriate  chemical  antidote 
should  also  be  added  to  the  wash  water  (for  acids  or  bromin :  Soap  or 
Linimentum  Calcis;  for  alkalies:  vinegar  or  lemon  juice).  The  poisons 
which  are  important  in  these  situations  are  all  irritants,  and  the  further 
treatment  consists  in  the  application  of  oils  or  salves. 

If  the  poison  has  been  applied  hypodermicaUy  or  to  wounds,  the  systemic 
effects  may  be  lessened  by  preventing  or  retarding  the  absorption  of  the 
poison.  The  absorption  can  often  be  delayed  sufficiently  so  that  the  drug 
is  excreted  as  fast  as  it  is  absorbed,  and  doses  which  would  otherwise 
be  fatal  may  then  cause  no  effect.  The  best  means  for  this  purpose  is  a 
firm  ligature  applied  centrally  to  the  wound.  Where  this  is  not  feasible, 
sucking,  cautery,  or  excision  may  be  resorted  to. 

If  an  irritant  poison  has  been  taken  by  the  mouth,  the  oral  cavity  and 
tbe  pharynx  demand  the  same  treatment  as  would  the  skin. 

With  gaseous  poisons,  the  treatment  consists  in  free  ventilation  of 
the  lung,  using  artificial  respiration,  and  oxygen,  if  necessary. 

Removal  from  the  Alimentary  CanaL — ^This  is  always  the  first  step 
in  the  treatment  of  a  case  of  poisoning  by  mouth,  unless  the  symptoms 
are  already  so  far  advanced  as  to  make  it  useless.  Even  if  the  poison 
has  been  administered  some  time  before  the  treatment  is  begim,  or  if  it 
has  been  given  hj-podermically,  the  alimentary  canal  should  be  cleansed, 
ance  many  poisons  (notably  morphin)  are  excreted  by  this  channel, 
and  then  again  reabsorbed.  The  only  contraindications  to  the  emptying 
of  the  alimentary  canal  are:  extensive  corrosion,  and  advanced  strychnin 
poisoning.  Great  caution  and  careful  judgment  are  required  in  these 
cases. 

The  measures  for  the  removal  of  poisons  from  the  alimentarj-  canal 
consist  in  emptying  the  stomach  and  intestine. 

.\  cathartic,  however,  need  only  be  administered  after  the  acute  manifestations  are 
past.  Oily  cathartics  should  usually  be  avoided,  and  enemeta  are  useless.  The  best 
purgatives  in  pcnsoning  are  the  cathartic  salts  (15  to  30  Gm.  of  Magnesium  sulphate). 

Evacuation  of  the  Stomach. — Vomiting  often  occurs  spontaneously, 
but  even  in  this  case,  more  active  measures  are  generally  required.  These 
consist  in  the  administration  of  emetics,  or  in  lavage. 

Lavage  always  deserves  preference,  if  it  can  be  used.     It  cleanses 
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the  stomach  much  more  effectually,  particularly  of  small  insoluble  ad- 
herent particles;  it  is  less  depressant  to  Lhe  patient;  and  it  permits  the 
convenient  use  of  chemic  antidotes.    It  is  indispensable  with  depressant 
poisons  which  paralyze  the  vomiting  center  (such  as  deep  morphin  or^ 
chloral  poisoning).  ^| 

The  complicated  ^tom[u:h  pump  has  been  generaUy  abandoned  for  the  more  con- 
\*enicnt  stomach  tube.  In  emcrncncics,  6  feet  of  rubber  gas  lubiiig,  with  a  funnel 
attached,  answers  very  well.  Tht  lube  should  rot  hcforfrJ  donti,  but  should  be  gcnlly 
pushed  to  the  phar>'nx.  where  the  pharynf^eal  muscles  will  ([rasp  it  aad  push  it  further. 
Care  should  be  taken  to  avoid  uvcrdistcntion  of  the  stomach;  it  is  much  better  to  use 
small  quantities  of  fluid  frequently.  If  there  is  much  pain,  0.05  per  cent,  to  0.1  per 
cent,  of  cocain  may  be  addtnl  to  the  wa^h  water;  aga)n<^t  organic  poisons,  a  0.5  : 1,000 
solution  of  potassium  permanganate  may  be  used.  If  there  is  trismus,  or  the  patient 
reusts,  the  lube  may  be  passed  through  the  nose. 
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Emetics  have  the  advantage  of  greater  convenience,  and  avoid 
struggling.  They  should  be  repeated  every  fifteen  to  thirty  minutes, 
if  necessary.  ^H 

Apomorphin. — [5  mg.  (grain  Ho  ^"^  ^  P^  cent,  solution  =  0.5  c.C^H 
or  ni  x]  hypodermically.    This  is  the  only  emetic  which  can  be  given  by 
the  skin,  and  is  therefore  particularly  useful  if  the  patient  resists.     It  is 
very  prompt  and  certain,  but  rather  more  depressing  than  the  following 
emetics: 

Copper  Sulphate  or  Zinc  Stdphak.— These  act  promptly  and  with  a 
minimum  of  depression,  but  should  not  be  jiiven  if  Oie  poison  is  a  corrosive. 
Zinc  sulphate  is  less  irritant  than  the  copper,  and  nearly  as  efficient; 
3  Gm.  may  be  given  in  a  glass  of  water.  The  dose  of  copper  sulphate 
is  0.5  Gm.  at  once,  or  three  doses  of  o..^  Gm.,  fifteen  minutes  apart.  If 
it  is  inefiective  it  must  be  removed,  by  lavage. 

Ifecdc. — A  teaspoonfuL  of  the  powder  in  water,  or  a  cabtcftpoOD  of  the  wine.  Un- 
critam,  and  pruduces  ctiRMderahU-  denrt.-ssiun. 

Mustard. — A  icaspoonful  stirrwJ  in  a  tumbler  of  warm  water.  ThU  ia  the  most 
uncertain  vf  these  emetics,  but  useful  in  emergencies. 

Neutralization  of  the  Poison — Chemical  Antidotes. — The  object  of 
these  is,  to  render  the  poison  incapable  of  acting,  or  01  being  absorbed. 
They  accomplish  this  by  enveloping  the  poison  with  an  impenetrable 
coating,  or  by  precipitating  it,  or  by  destroying  it.  Since  these  antidotes 
arc  hindered  in  their  action  by  the  presence  of  food,  and  since  the  pre- 
cipitates are  not  perfectly  soluble,  it  is  well  to  combine  them  with  lavage 
or  emesis,  adding  ihc  antidotes  to  the  wash  water,  or  giving  them  in 
the  interval  between  vomiting;  they  must  be  repeated  frequently. 

Demulcents  (raw  eggs,  acacia,  boiled  starch  or  flour,  milk,  ad  libitum). 
— These  act  by  lessening  absorption;  by  allaying  inflammation;  and  in 
the  case  of  mctal.s,  by  precipitation. 

Precipitants.— The  most  universally  applicable  of  all  prccipitants 
is  tannin  (a  tcaspoonful  of  tannic  aciti,  or  preferably,  very  strong  hot 
tea,  ad  libitum).  The  efficiency  will  \yc  increased  by  the  addition  of 
sodium  acetate  or  bicarbonate,  and  diminished  by  alcohol  and  acids, 
since  the  precipitates  arc  soluble  in  these  media. 

From  the  experiments  of  Kiefer  (1892),  on  tannin,  and  .Sollmann  (iQOi),  on  tea, 
it  nuy  be  deduced  that  these  arc  usrf uJ  against:  .\pomaipbin,  Cinchoaa  alkaloids, 
Hydrastin,  Strychnin,  Vrratrin,  Digitalis,  .\ntipyrin,  CulchJclni  and  the  metals:  Pb, 
Ag,  Al,  Co,  Cu,  Ni,  Vt,  Zn,  Fc. 
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Sear<il<f  tutfal  against:     Cocain,  Brudo,  Aconitin,  Lobelin,  Nicotin,  Pilocaqiin, 
Codein,  Muscarin,  PhysosUgmin,  SuUnin. 

HmdiMlty  tU4ttts  against:    Atropin.  Coniin,  Morphin,  Ai<..  Sb.  Hg. 
CM  other,  specific  prtcipitanls,  the  following  should  be  rrmcmbcrcd: 

For 

Alkaloids. — Tincture  or  compound  tincture  of  iodin,  15  drops  in  half 
a  glass  nf  water. 

Mftals  (especially  mercury).— Raw  ej^s. 
Arsrnic. — Arsenic  antidote  (see  Index). 
Barium. — Sulphates  (Glauber's  or  Epsom  salt). 
Oxalates. — Calcium  (limcwater,  chalk,  whiting). 

Phosphorus,     Copper  sulphate  or  Oxidized  (old)  Turpentine.     (The 

lonncr  envelopes  the  phosphorus  with  an  insoluble  coaling  of  metallic 

copper.    Turpentine  forms   the   insoluble   turpentine-phosphoric   acid.) 

Antidotes  Which  Destroy  the  Poison,  in  the  Alimentary  Canal. — 

(These,  for  the  most  part,  will  not  be  useful  after  the  puisoii  is  absorbed.) 

Acids. — Alkalies  (burnt  magnesia,  soap,  chalk,  baking  soda). 

Alkalies. — Weak  acids  (vinegar,  lemon  juice). 

Or^amit  Poisaus  {.ilkaioidSf  Glucosids,  etc.)  and  Phosphorus. — Oxidizing 
Us,  especially  Potassium  permanganate,  1  Gm.  (one-fourth  teaspoon- 
il)  in  a  quart  or  water.     Care  must  be  taken  that  no  undissolved  crystals 
linistcred;  HiOj.     (In  case  of  snake  bite,  the  powdered  pcrmanga- 
ly  be  rubbed  into  the  wound,  after  free  incision.) 
hydrocyanic  .Ir/J.— ^The  above,  also  arsenic  antidote,  hydrogen  per- 
oiid,  and  hxposulphite  of  <iodium. 

Ailidotei  Which  Destroy  Absorbed  Poisoos. — ^To  be  effective,  these  miut  be  given 
^T)>>drnnically  at  intravenously.  The  best  known  examples  of  this  class  are  the  anti- 
loft  wra.  The  foUnwini;  .ire  alM>  useful;  Sodium  li>7K)<vulphitc  against  hydrocyanic 
■b^and  sodium  carbonate  aRainst  mineral  acids. 

louval  cil  Poisons  after  Their  Absorption. — This  can  be  attemptc<]  by  inrreasing 
Utt  CKtetioiu,  but  U  usually  not  very  successful.  The  etimination  o^  the  alimentary 
(vul  hu  bets  Jisoissctl.  The  principal  remaining  cbanDcls  are  the  unne  and  sweat,  of 
'Wi  the  former  is  by  far  the  mure  important. 

tUmttifs. — Water,  es[>cciany  as  v'calc  tea  or  carbonated  drinks;  iheobromini  potas- 
■ttacelate  (irritant  diun-lics  should  be  avoided). 

Oiipiuiretici. — Hot  drinks;  heat;  pUocarpin  (if  not  contraindicated  by  pulmonary 
■Ina].  riiurr^ii  and  diaphoresis  often  full,  [tartly  because  tbey  act  tooOowly,  partly 
^ttiue  not  alt  poisons  are  eliminated  by  these  channels. 

f<^«f»Mi  of  S'ormal  SaiitK  Solution  i  t  Liter  of  0,0  per  cent,  injected  under  the  skin 
*i  ^  )ubcU^'icuUr  region)  increasM  elimination  by  all  cbanncU.  BUeiini  may  be 
MMtcd  To  in  tome  cases.  Up  to  a  liter  of  blood  may  be  drawn,  a  double  quantity  of 
■flMlution  being  Injected. 

^mptomfttic  Treatment. — The  symptoms  produced  by  poisons  can 
t'ltn  be  lessened  or  removed  by  the  use  of  drugs  ha\*ing  an  opposite  action. 
lit  ii  not  to  be  supposed  that  these  physiologic  antidotes  reaUy  lessen  the 
of  the  poison,  although  they  cover  its  symptoms.  But  by  tiding 
ilicnt  over  the  dangerous  period,  and  by  preventing  exhaustion, 
■arc  often  fxitent  means  of  sa\-ing  life.  It  must  be  remembered,  how- 
"'ci,  that  large  doses  of  the  antidotes  often  cause  effects  similar  to  those 
"'  ihc  poison,  which  may  add  to  the  fatality  of  the  latter.  They  must 
iWcforc  be  used  in  appropriate  small  doses. 
It  It  nut  purposed  to  enter  in  this  place  into  the  special  physiologic 
lidoUs,  but  we  shall  take  up  only  those  measures  which  are  generaJly 
fdl. 
Thcv  meajtures  are  directed,  in  the  order  0/  their  importance^  to:  sup- 
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porting  the  respiration,  heart,  and  vasomotor  tone;  to  lessen  cooling,  pain, 
convulsions  and  coma. 

Respiration. — This  is  usually  the  first  function  to  fail,  and  accelerates 
the  other  actions  of  the  poison  through  the  couvulsant  and  piaralytic  effects 
of  asphyxia,  and  by  preventing  the  destruction  of  poisons  through  oxida- 
tion. For  these  reasons,  il  is  well  not  to  wail  with  llie  supporting  measures 
until  the  respiration  has  actually  failed,  but  to  begin  as  soon  as  it  sliows 
signs  of  weakening.  The  measures  consist  in  direct  or  rcHcx  stimulation 
of  the  respiratory  center;  in  artificial  respiration;  and  in  the  administra- 
tion of  oxygen. 

Rffifx  stimidalion  of  the  respiraUfry  cetUer  is  the  quickest,  but  ran  not 
be  kept  up  as  long  as  the  direct  stimulation.  Il  may  be  secured  by  the 
administration  of  ammonia,  by  inhalation  of  ammonia  water  or  smelling 
salts,  or  by  aromatic  spirits  of  ammonia  (half  a  leaspoonful  in  a  glass  of 
water) ;  tlic  alternate  application  of  heat  and  cold  (whipping  with  wet 
towels);  friction  with  alcohol,  or  camphorated  oil;  hypodermic  injection 
of  brandy,  whiskey,  or  ether;  mustard  plasters. 

Direct  Stimulation  of  the  Respiratory  Center.— By  strong  hot  coffee, 
strychnin  fo.002  Gm.)  or  atropin  (o.ooi  Gm.).  The  respiration  may  also 
be  raised  by  improving  the  circulation.  Saline  infusion  is  also  very 
effective. 

Artificial  Respiration. — This  should  be  resorted  to  whenever  the  above 
measures  are  ineffectual. 

Any  of  the  tomm«nly  used  methods  (also  rhythmical  stimulation  o(  the  phrenic 
nerve)  may  be  used.  U  should  be  remembered  that  very  prolonRcd  and  violent  artiftrial 
respiration  may  injure  the  lun^.  It  should  sIm)  be  rcmL-ml>crcd  that  artificial  respira- 
tion is  npt  to  induce  apnea,  so  that  the  patient  docs  not  breathe  spontaneously  umplv 
bccauiie  there  i'^  not  rnnuKb  COi  in  Ihe  blood  to  stimulate  llic  n^piTalor>'  center.  If 
the  heart  is  strong,  the  artificial  respiration  should  therefore  be  intermitted  occauonally 
for  a  »hort  lime. 

Oxygen. — This  will  be  useful  in  every  case  of  failing  respiration,  and 
particularly  if  an  asphyxiant  gas  is  the  cause  of  the  poisoning. 

Heart.^Attempts  to  revive  or  even  to  support  the  poisoned  heart 
directly  have  not  been  very  successful.  The  best  results  are  obtained  by 
the  injection  of  normal  saline,  possibly  with  the  addition  of  some  i^l- 
nephrin  fi :  100.000).  Bigitalisis  usually  unsucces.sful.  Strong  rhythmical 
pressure  (rate  of  ico  per  minute)  over  the  cardiac  region  of  the  chest,  may 
be  helpful.  A  dilated  heart  can  sometimes  be  revived  by  withdrawal  of 
blood. 

Vasomotor  Stimulation. — ^This  is  usually  accomplished  by  the  reflejt 
stimulants  mentioned  under  respiration.  Lowering  of  the  head  and  ban- 
daging the  extremities  js  often  sufficient. 

Cooling. — This  is  prevented  by  the  application  ot  external  heat;  pain 
by  morphin,  or  if  local,  by  cocain;  convulsions  are  controlled  by  the 
cautious  inhalation  of  chloroform;  coma  by  reflex  stimulants,  coffee,  and 
atropin. 

Methods  of  Administering  Antidotes. — Physiological  antidotes  should 
be  given  hypodermically  or  intravenously,  if  possible.  This  obviates  the 
loss  of  the  antidote  through  vomiting,  and  the  action  is  more  prompt  and 
more  certain. 

If  the  circulation  is  very  low  the  absorption  of  hypodermic  injections  may  also  be 
very  slow.  It  i*  therefore  well  thoroughly  to  massage  the  site  of  the  injvclioa,  and  U 
the  circulation  has  almost  stepped,  to  employ  vigorous  rapid  rhythmical  compressioD 
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of  the  heut  (this  maintains  a  fairly  efficient  artificial  circulation  even  after  the  heart 
has  stopped  beating). 

R£stim£  of  llie  General  Treatment  of  Poisoning. — Promptness  is  of 
vital  importance.  The  physician  should  be  familiar  witi  antidotes;  he 
should  have  these  antidotes  readily  accessible;  he  should  plan  his  treal- 
ment  on  his  way  to  the  patient.  If  he  finds  the  condition  of  the  patient 
dangerous,  he  should  at  once  proceed  to  relieve  the  symptoms.  Otherwise 
he  should  first  administer  the  chemical  antidote  and  evacuate  the  stomach; 
apply  heat ;  attend  to  the  respiration,  to  pain,  to  any  other  symptoms ;  give 
a  diuretic,  and,  finally,  a  cathartic. 

Antidota  for  First  Aid. — Every  phyacian  (and  every  drug  store)  should  keep  the 
following  antidotes  together,  in  a  special  satchel  ("Antidote-Bag")  so  that  they  can  be 
readily  transported.  The  dose  should  be  written  on  each  container.  Amyl  nitrite 
pearis;  Apomorphin  tablets,  3  mg.;  Atropin  tablets,  i  mg.;  CaSein  Citrate;  Chloro- 
lorm;  Cochin  hvdrochlorid  tablets,  0.03  Gm.  (2  to  4  per  quart);  Tincture  iodin;  Copper 
sulphate,  powdered;  Ltme  Water;  Magnesia,  calcined;  Potassium  permanganate,  i 
per  cent,  solution  (to  be  diluted  ten  times);  Sodium  sulphate;  Spir.  Ammon.  Arom.; 
strvchnin  sulphate  tablets,  2  mg.;  Whiskey;  also  a  hypodermic  syringe  in  good  order, 
•ad  a  stomach-tube  with  funnel. 

The  following  should  be  demanded  at  the  house  of  the  patient:  Boiled  water; 
Coffee  (strong,  hot,  and  black);  Eggs;  Hot-water  bags;  Milk;  Mustard;  Salad  oil;  Salt; 
Soap:  Starch,  boil«l;  Tea,  Vinegar. 
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Parts  of  the  Prescription. — A  prescription  is  an  order  for  medicine, 
sent  by  a  physician  to  a  ptiarmacist.  It  consists  of  the  following  parts 
(in  this  order): 

1.  Superscription. — The  heading  (IJ). 

The  ^  stands  for  recipe,  take  thou.  The  stroke  is  generally  considered  an  ancient 
invocation  to  Jupiter;  but  probably  it  is  aunply  a  sign  of  abbreviation  (McGuigan,  1913). 

2.  Inscription. — The  ingredients  and  their  amounts. 

3.  Subscription. — The  directions  to  the  dispenser. 

4.  Signature. — The  directions  to  the  patient. 

The  prescription  should  also  bear  the  signature  of  the  physician,  the 
date,  and  the  name  of  the  patient. 

The  Inscription  may  consist  of  but  one  ingredient.  If  several  are  used, 
they  should  be  placed  in  the  following  order: 

Basis:  the  principal  substance. 

Adjuvant:  the  substance  which  is  used  to  aid  the  action  of  the  basis. 

Corrective:  whose  purpose  it  is  to  modify  or  correct  an  undesirable 
action  of  the  basis. 

Vehicle:  the  indifferent  substance  used  to  dilute  the  active  ingredients. 

The  following  is  the  type  of  a  complete  prescription: 

3  Gm.  vel  C.C. 


SMftrscription 

iMTiptitm:     Basis 

Adjuvant. . 

Corrective. 

Vehicle.... 

SiAtcTiptioH 

Sipulwe 


Tincturae  Aconiti 0145 

Spiritus  >Etheris  Nitrosi 15  ; 

Liquoris  Ammonii  Acetatis 151 

Elixiris  Aromatic! 30  | 

Misce 

S.  Teaspoonful  every  hour  in  half  a 
glass  of  water. 

Dr.  X 

Jan.  I,  1905. 

For  Mr.  Y 
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The  names  of  the  ingredients  and  the  directions  to  the  pharmacists 
are  generally  written  in  Latin,  usually  with  abbreviations;  but  they  may 
be  written  in  English.  With  liquid  mixtures,  the  directions  to  the  phar- 
macist may  often  be  confined  to  M.  (misce,  mix). 

The  directions  to  the  palietU  (signature  abbreviated  Sig.  Or  S.,  for 
"signa,"  sign)  arc  always  written  in  English,  so  that  the  patient  can  read 
them.  The  directions  should  be  made  as  complete  as  possible,  and  should 
include  everything  which  it  is  necessary  for  the  patient  to  kjiow.  The 
habit  of  giving  verbal  instructions  to  patients  and  of  having  the  medicine 
labeled  "use  as  directed"  can  not  be  too  much  discouraged.  Aside  from 
the  fact  that  human  memory  is  extremely  apt  to  fail,  the  patient  or  rela- 
tives, when  the  prescription  is  given  to  them,  are  usually  in  a  more  or  less 
excited  frame  of  mind,  and  can  not  be  relied  upon  to  remember  what  is 
told  them.  Medicines  intended  for  external  application  should  be  plainly 
labeled  to  that  effect,  and  when  a  medicine  contains  poison,  it  should  be 
so  labeled^  except  when  there  is  special  objection  to  this. 

The  custom  of  having  prescriptions  "reJiUed^''  obtains  in  many  locali- 
ties. Whereas  it  is  often  impossible  for  the  physician  to  put  a  slop  to  this 
practice,  it  is  absolutely  necessary  that  he  should  prevent  such  prescrip- 
tions l)eing  refilled  which  contain  narcotics  or  other  drugs  likely  to  cause 
a  habit.  He  can  attain  this  result  by  writing  "rwn  reftctaiiif^'  under  the 
prescription.  The  druggist  refilling  this  will  do  so  on  his  own  responsi- 
bilily.  (The  law  prohibits  the  refilling  of  prescriptions  containing  mor- 
phin  or  cocain,  with  their  derivatives.  A  prescription  must  be  written 
each  time  tliat  these  are  to  be  dispensed.) 

When  the  patient  is  very  poor,  it  is  often  customary  to  invite  the  drug- 
gist to  charge  him  the  lowest  terms  by  writing  P.  P.  (Pauperissimus) 
under  the  prescription.  It  is,  of  course,  not  just  to  do  this  if  the  physician 
himself  receives  a  regular  fee. 

Forms  of  AdministraUon. — If  the  medicine  is  to  be  used  »»(w«a//y, 
it  may  be  prescribed  as: 

Solution. — If  the  ingredients  are  soluble  in  water,  alcohol  or  glycerin. 

Mixtures  or  emulsions,  i.e.,  suspended  by  acacia,  if  insoluble  in  water. 

Powder. — If  the  substance  does  not  have  a  very  bad  taste.  These  ar« 
preferred  to  the  following  preparations  if  the  dose  is  bulky,  or  if  the  sub- 
stance is  to  be  dissolved  in  water  before  swallowing. 

PUis,  Capsidfs,  Etc. — If  the  substances  arc  solid  or  semisolid,  and  pos- 
sess a  disagreeable  taste;  or  if  they  are  to  act  locally  on  the  alimentary 
canal. 

If  the  medicine  is  intended  for  external  use,  it  may  be  prescribed  as:. 

Plaster. — If  the  action  is  to  be  prolonged  and  superficial. 

OintmetU. — If  the  action  is  to  be  deeper,  or  briefer. 

Lotions  or  Injections,  Eye-waters,  Gargles,  Etc. — If  it  is  soluble  in  water. 

Liniment. — If  it  is  soluble  in  oil  or  alcohol. 

Size  of  Prescriptions. — Fluids  should  be  prescribed  so  as  approximately 
to  fill  the  bottles  in  current  use  (15,  30,  60,  125,  150,  200,  400  c.c.) 
(H.  I.  2;  4;  6;  8  and  :6  ounces). 

For  djop  doses  and  eye- waters,  the  usual  amount  is  15  to  30  c.c.  04  to 
i5);for  teaspoon  doses,  30  to  125  c.c.  (i  1048  J;  for  gargles  and  injections, 
60  to  150  c.c.  (2  to  65);  lotions,  120  to  200  c.c.  (4  toSS  );  tablespoon  doses, 
150  to  400  c.c.  (6  to  16S)-  Pills  are  prescribed  in  numbers  of  5  to  25; 
powders,  i  to  12;  ointments,  10  to  30  Gm.  (^  to  i5). 
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Th»  Reed  of  Practice  is  Prescription  Writing.' — The  subject  of  prescription  writing 
'ttcfUS  to  possess  almost  in surmnun table  dillicullics  far  the  student.  There  is,  perhaps^, 
no  other  subject  in  the  whole  course  of  study  which  he  hnds  more  diacouraging  and 
finishes  with  less  Mti&faction.  Nevertheless  the  principles  upon  which  it  is  ba»cd  are 
itiw,  simple,  and  ea&ily  memoriiced.  Hlten  asked  for  them,  ttie  student  u!«ually  has  no 
dificnity  in  ansvering  the  questions.  The  dit^culties  apnear  when  he  tries  to  put  lhe»e 
princtpln  into  practice.  But  it  is  the  same  with  any  olaer  art:  nothing  but  practice 
wiO  pve  expertness. 

The  prescription  is  usually  a  fair  indication  of  the  physician's  training, 
knowledge  and  character.  The  student  who  would  master  this  subject 
must  not  rest  content  willi  doing  the  few  exercises  which  can  be  given  him 
in  cla&s.  As  he  studies  each  drug,  or  as  he  reads  up  the  treatment  of  dis- 
eases, he  should  himself  compile  such  prescriptions  as  the  subject  suggests. 
This  will  not  only  aid  him  in  prescription  writing,  but  in  pharmacology 
and  therapeutics  as  well.  It  is  only  in  this  way  that  he  can  acquire  the 
necessary  self-confidence  and  skill.  In  this  home  practice,  method  and 
detail  should  be  cultivated,  for  in  these  lies  the  secret  of  the  art.  The 
following  rules  may  prove  helpful: 

Routine  Construcdoa  of  Prescriptions. — When  writing  a  prescrip- 
tion for  a  given  condition,  put  down,  first,  the  name  of  the  best 
remedy.  Mk  yourself  whether  there  is  any  other  drug  wliich  may  be  em- 
ployed to  aid  or  usefully  modify  this.     Put  this  down  also. 

Then  consider  in  which  form  the  medicine  should  be  administered, 
whether  as  liquid,  powder,  salve,  etc.  This  will  usually  determine 
vhich  preparation  of  the  ingredient  is  to  be  employed.  Put  this  down 
slso. 

Then  ask  yourself  what  may  be  added  to  render  (he  mixture  agreeable 
tothepaticnt.  Add  the  vehicle.  WTicnthisiswritten,  all  the  ingredients 
will  be  represented. 

Now  look  over  these  carefully  and  see  that  there  are  no  incompatibili- 
ties and  that  the  constituents  are  soluble  if  the  mixture  Ls  to  be  a  liquid. 
Write  the  directions  to  the  dispenser.  Assure  yourself  that  the  preacrip- 
lioD  b  grammatically  correct  (especially  the  endings). 

Decide  how  manv  days  the  mixture  is  to  be  taken,  and  how  many  doses 

I  day  (on  the  ba,sis  of  sixteen  hours  to  the  day).     Decide  whether  the  dose 

otUtt  total  mixture  is  to  be  a  teaspoonful,  tablespoonful,  etc.     By  multi- 

plyiRi;  the  total  number  of  dtises  with  the  size  of  the  single  dose,  ascertain 

Ihe  approximate  size  of  the  mixture.     Round  this  off  to  a  convenient 

figure.    Multiply  the  single  dose  of  each  ingredient  by  the  total  number 

ol  doses  (again  reducing  the  quantities  to  round  numbers,  unless  the 

constituent  is  very  active).*    Check  the  doses.     Write  the  directions  to 

^  patient.    Consider  whether  a  nan  repeJaiur  is  advisable,    .\flix  your 

%i»ature,  the  date,  and   the   name  of  the  patient.     This  finishes  the 

fwstripiion.    Look  over  the  result  carefully  in  the  same  order. 

j  It  would  seem  almost  supn-rfiuous  to  mention  that  it  is  extremely 

^i       <«entiai  in  vrriting  prescriptions  to  use  as  icgihle  hundzuriting  as  possible. 

^H    It  b  a-.(onishing.  in  view  of  the  dire  results  thai  may  follow,  how  often 

^H    tiiiiicif^^-ident  rule  is  disregarded.    The  same  remarks  apply  to  abbrmn- 

^H    '""to.    UTiile  it  is  justifiable  to  employ  abbreviations  even  extensively, 

^H    ''  is  necessary  to  make  these  in  such  a  way  that  they  can  not  possibly  be 

^^K  'Tka«:K)>or  hu  fminri  li  \-err  useful  in  cIbm  prsciice  in  pre»rtipUon  wnlinff,  to  mnhr  aomeaf 

^  ^Midnta  in  turn  wofk  out  the  (rtVKripiiom  <n  the  bUrkbuAfd.  and  lo  «ub>cct  thcae  \o  lh« 

I  '^vbitta^  Uie  cUm. 

Om  fluy  ^ao  write  tbe  qtuuilitm  (ur  «  tinBle  dose,  juvrf  Bt^ta  in  tbc  RubMcnplinn  Ibe  nutntwr 

HMdanrad;  **7k  U]««d«sn  bo.  XX"  (mmlM  30  tiicbdiMM.1 
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misinterpreted.  It  is,  therefore,  advisable  lo  cmpluy  the  official  abbrcvm- 
tions  which  are  given  under  the  "Preparations." 

An  efficient  aid  in  acquiring  practice  in  writing  prescriptions  is  to 
look  over  a  druggist's  prescription  file,  when  ihis  may  be  done. 

The  copying  of  a  prescription,  ingredient  for  ingredient  and  dose 
for  dose,  is  as  much  empiricism  as  the  use  of  any  other  ready-made  com- 
pound. The  physician  should  be  well  enough  educated  to  devise  his  own 
prescriptions  and  to  select  such  ingredients  as  will  best  suit  the  special 
needs  of  the  case  in  hand. 

Simplicity  in  Prescription  Writing. — Jn>rmcrly  the  ingredients  of  a 
prescription  were  almost  nuniburlcss.  This  was  in  the  lime  of  empiricism, 
and  was  sijnply  an  application  of  the  idea  that  in  a  large  mixture  of  sub- 
stances there  would  probably  be  one  which  would  do  good.  This  was  the 
so-called  "shot-guii  prescription."  .\t  present  the  tendency  in  prescription 
writing  is  to  make  the  prescription  as  simple  as  possible.  This  avoids 
the  chances  of  incompatibilities,  and,  what  is  more  important,  makes  the 
action  of  the  medicine  more  easy  to  watch  and  control.  Kspecially, 
one  should  avoid  to  combine,  in  the  same  prescription,  drugs  which  difler 
markedly  in  quickness  of  action,  absorption  or  elimination;  or  habit- 
producing  drugs  with  others  (hat  will  presumably  be  used  for  long  periods. 

U  the  prescription  includes  a  DtimlKr  of  mixlurc^.  each  contaiciag  acverai  ingredients, 
such  as  ttie  imniheTU'«  prr'|>uialions  iww  niil  on  iIk-  niarkt't  Iiy  muny  firms,  ihc  result 
is,  of  course,  as  much  a  "isbot>giiQ  "  prvscnptioa  as  if  the  prcscribcx  had  caumeratcd  all 
tW  ingredienls.  , 

I^jBology  (Doses). — The  dosage  of  drugs  must  be  adapted  to  the 
individual  patient.  The  Pharmacopeias  state  "Average  Doses"  (adult) 
for  each  preparation  that  is  likely  to  be  used,  internally;  but  these  are 
not  intended  to  be  binding  on  physicians.  They  arc,  however,  convenient 
approximations  for  memorizing.  The  metric  and  apothecaries'  doses 
in  the  U.S. P.  are  not  intended  as  mathematical  equivalents,  but  represent 
rather  the  quantities  that  would  be  used  by  nrescribers  in  these  systems. 

The  doses  of  crude  drugs  are  given  mainly  as  a  basis  for  calculating 
the  preparations. 

Maximal  Doses. — The  pharnnacist  is  supposed  to  check  the  quantities 
of  the  ingredients,  and  not  to  dispense  a  prescription  containing  an 
unustuil  dose  of  a  powerful  poison  without  convincing  himself  that  the 
physician  prescribed  this  intentionally.  WTiile  this  does  not  in  any 
way  lessen  the  responsibility  of  the  ]>hysician,  it  is  a  safeguard  which 
deserves  all  encouragement.  To  avoid  delay,  h  is  customary  to  mark 
such  large  doses  in  such  a  way  that  tlie  pharmacist  will  have  no  doubt 
that  they  are  intentional.    Thus: 

Tr.  aconiti,  5j  or  5j!;  or  Sj  Q-  K-  (quantum  rectum),  the  last  being 
the  best. 

Most  foreign  pharmacopeias  (but  not  the  U.S.P.  or  B.P.)  give  tables 
of  "Maximum  Doses;"  not  with  the  purpose  of  restricting  tlic  physician, 
but  as  a  guide  to  the  pharmacist.  The  latter  is  not  permitted  lo  dii<{^K:nse 
doses  larger  than  these,  unless  the  physician  indicates  specifically  (a$ 
explained  above)  that  the  larger  doses  are  intentional.  The  maximum 
doses  in  this  book  are  token  from  the  compilation  of  the  U.S.P.  Digest, 
1912,  pp.  40-42. 
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PRESCRIPTION  LATIN 

It  is  customary,  but  not  compulsory,  to  write  the  inscription,  and  often 
the  subscription  in  Latin.  A  slight  knowledge  of  the  rules  of  grammar 
of  this  language  is  therefore  desirable.  It  is  supposed  that  this  is  possessed 
by  the  student,  and  the  following  is  intended  merely  to  recall  some  of  the 
more  important  facts. 

Adrantage*  of  Latin. — ^The  use  of  the  Latin  names  of  drugs  is  generally  urged 
because  they  are  more  definite  and  concise,  and  less  liable  to  change  than  common 
aames;  and  because  they  serve  to  keep  the  patient  in  ignorance  of  the  nature  of  the  drugs. 
TUs  b  sometimes  very  desirable, /.t.,  to  guard  against  drug  habits.  However,  the  official 
En^^ish  names  are  equally  definite;  and  as  either  names  are  usually  abbreviated,  there 
h  httle  difference.  As  a  matter  of  fact,  less  than  5  per  cent,  of  the  U.S.P.  "Latin" 
Dames  are  really  Latin  (Oldberg,  1910). 

In  the  directions  to  the  dispenser,  Latin  has  no  advantage,  except  in  the  brevity  of 
the  customary  abbreviations.  Indeed,  unusual  Latin  terms  are  apt  to  lead  to  mistakes. 
The  discarding  of  Latin  in  prescription  writing  is  being  actively  discussed  (Fantus, 
1916). 

Gnuximatic  Rules. — The  superscription,  R  (recipe:  "take  thou"), 
requires  the  name  of  the  substance  to  be  in  the  genitive,  if  the  quantity 
is  given,  the  quantity  itself  being  in  the  accusative  (the  latter  is,  of  course, 
very  rarely  written  out  in  full).  When  the  quantity  is  not  given,  the  name 
(A  Uie  substance  is  to  be  placed  in  the  accusative.  Adjectives  agree  with 
thdr  nouns  in  gender,  number,  and  case. 
.  These  rules  will  generally  be  understood  by  translating  into  English: 
«.j..  Take  thou  0/  tincture  of  aconite  i  ounce. 

The  following  mles  f<^  Uie  formation  of  the  genitive  case  will  be  found  valuable 
("Mann's  Manual"): 

Rule  i. — A U  nouns  ending  in  ai,f»rtH  the  genitive  in  Bt;  as  Qmmaa.,Qu.minae.  Excep- 
Imt:  Aspidosperma,  Physostigma,  and  Theobroma  form  the  genitive  in  atis.  Folia 
is.plural;  genitive,  foliorum. 

Rule  2. — All  nouns  ending  in  us,  um,  os,  on,  jorm  the  genitive  in  i;  as  Conium. 
Conil  Exceptions:  Rhus,  gen.  Rhois;  Flos.  gen.  Boris;  Erigeron,  gen.  Erigerontis. 
Fructus,  Cornus,  Quercus,  Spiritus,  do  not  change. 

Rile  3. — All  other  nouns  of  whatever  termination  make  the  genitive  in  s,  or  is.  Elixir, 
po.  Elinns. 

Some  lengthen  the  termination  thus: 

as,  genitive  atis;  as  Acetas,  Acetatis. 

is,         "  idis;  as  Anthemis,  Anthemidis. 

o,         "  onis;  as  Pepo,  Peponis. 

X,         "  cis;    as  Cortex,  Corticis. 

There  are  a  few  exceptions.  Asclepias.  gen.  Asclepiadis;  Mas,  gen.  Maris;  Phosphis, 
^iiis,  etc.,  gen.  itis;  Mucilago,  gen.  Mucilaginis;  Solidagoj  gen.  Solidaginis;  Pulvis, 
pn.  Pulveris,  etc. 

The  following  words  do  not  change  in  their  genitive;  Azedarach,  Bucbu,  Cannabis, 
^techu,  Condurango,  Comus,  Curare,  Cusso.  Fructus,  Digitalis,  Hydrastis,  Jaborandi, 
^^.  Matico,  Quercus,  Sassafras,  Sago,  Sinapis,  Spiritus,  Gambir,  Sumbul. 

The  accusative  is  rarely  employed.  It  is  formed  according  to  the  following  rules 
(Mwn): 

,  Kl'Le  I. — Nouns  singular  ending  in  a,  are  feminine,  and  make  the  accusative  singular 
"tat  and  the  plural  in  as.  Example;  Drachma,  ace.  sing.  Drachmam,  pi.  Drachmas. 
,  Ri'LE  2. — Those  ending  in  um  or  us,  make  the  atcusaiive  stngidar  in  um.  The  accusa- 
v*i  Hurai  of  those  in  us  is  os,  and  of  those  in  um  is  a.  Those  in  us  are  masculine,  those 
>■>  m  are  neuter: 

Congius,  ace.  sing.  Co'ngium;  ace.  pi.  Congios. 
Granum,  ace.  sing.  Granum;    ace.  pi.  Grana. 

Rule  3. — Those  whose  genitive  ends  in  is,  form  the  accusative  in  em,  plural  es. 
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Attention  is  also  csEUed  to  the  fact  that  adjectives  change  their  endings, 
a  fact  which  the  student  is  apt  to  forget. 

The  following  prepositions  are  frequently  used,  and  command  the  fol- 
lowing cases : 

ad to accusative. 

ana* of  each genitive, 

cum with ablative. 

in into accusative. 

The  following  Latin  words  and  phrases  occur  frequently  in  prescrip- 
tions (adapted  from  Mann) : 

ad to,  up  to 

ad  libitum at  pleasure 

adde add  (thou) 

ana  (ifi) of  each 

aqua  bulUens boiling  water 

"    fontana spring  water 

"    fervens hot  water 

"    destillata distilled  water 

bene weU 

bis  in  dies twice  daily 

cape,  capiat take,  let  him  take 

charta a  paper  (medicated) 

chartula a  small  paper  for  a  powder 

dbus food 

cochleare  magnum a  tablespoon 

"        parvum a  teaspoon 

cola,  colatus strain,  strained 

collyrium an  eye  wash 

congius  (C.) a  gallon 

cum with 

dilute,  dilutus dilute  (thou),  diluted 

dimidius one-half 

divide  (Div.) divide  (thou) 

dividendus to  be  divided 

dividatur  in  partes  sequales let  it  be  divided  into  equal  parts 

dosis a  dose 

extende  supra spread  upon 

fac,  fiat,  fiant  (ft.) make,  let  be  made,  let  them  be  made 

fac  tales  doses make  such  doses 

filtra filter  (thou) 

gargarisma a  gargle 

gutta,  gutt«  (gtt.) a  drop,  drops 

haustus a  draught 

hora an  hour 

hora  somni just  before  going  to  sleep 

hora  decubitus at  bed  time 

in  dies daily 

iostar like  (with  genitive) 

lac milk 

libra  (lb.) a  Troy  pound 

mane  primo very  early  in  the  momirt 

magnus large 

misce  (M.) mix 

more  dictu as  directed 

non  repetatur do  not  repeat 

numerus,  numero  (No.) a  number,  in  number 

octarius  (O.) a  pint 

ovum an  egg 

f>ars a  part 

partes  squales  (P.  se.) equal  parts  (governs  genitive) 

parvus small 

>  Prom  the  Creek. 
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pfloU  (|ril.) a  pill 

jtto  re  oata  (p.r.nO according  to  circumstances,  occasionally 

piilvis  (gen.,  pulveris) a  powder 

quantum  sumcit  (q.  s.) as  much  as  is  necessary 

?iuaque  hora every  hour 

cum)  semisse  (ss.) and  a  half 

signa sign 

sine —    without 

si  (^His  sit if  necessary 

solve,  solutus dissolve,  dissolved 

solutio a  solution 

statim immediately 

talis such 

tritura triturate 

tere  simul rub  together 

tcr  in  die  (t J.d.) three  times  a  day 

vitdlua the  yolk  (of  an  egg) 
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COLORING 

Liquid  prescriptions  intended  for  internal  administration  should  be 
dear  if  possible.  It  might  be  well  to  mark  all  such  prescriptions  "filtra." 
The  appearance  may  often  be  materially  improved  by  the  addition  of  some 
osloring- matter,  and  this  may  also  prove  useful  tiirough  its  suggestive 
element  and  by  hiding  the  nature  of  the  medicine  from  the  patient.  The 
nature  of  the  coloring-matter  must  vary  according  to  the  nature,  and 
especially  the  reaction  of  the  mixture.  The  usual  colors  for  internal  use 
are  red,  brown,  and  yellow.  Anilin  dyes  should  be  avoided,  except  methy- 
len  blue  and  gentian  violet  for  external  preparations. 
The  most  useful  dyes  are  the  following: 

Red  Brown  YcUov 


Foraltaline  or  neutral  fluids: 

Tr.  Cardamomi 

Fldext.    Glycyr- 

Tr.  Hydrastis 

Co. 

rhize                 1 

Liq.  Carmini 

Elixir  Adjuvans 

For  acid  fluids: 

Tr.  Persionis 

Caramel 

Tr.  Hydrastis 

1 

Tr.Curcumae 

For  powders : 

Carmine 

1 

PREPARATIONS RED  COLORS' 

Coccus,  Cochineal,  U.S.P.,  B.P. — The  dried  female  insect  of  Coccus  Cacti. 

Tr.  Cocc.,  B.P. — 10  per  cent.     Dose,  0.03  to  o.i  ex.,  5  to  15  minims,  B.P. 

Carminum,  Carmine. — A  precipitate  obtained  from  decoction  of  cochineal  by  alum 
"I  cream  of  tartar.  Soluble  in  alkalies,  brightened  and  precipitated  by  acids.  Also 
K^uble  in  alcohol.     Contains  carminic  acid.     Used  in  powders,  etc.  (i  :5oo). 

'Liquor  Carmini  (Liq.  Carm.). — A  glycerinated  extract  of  carmine.  Pink  to  deep 
ted  in  alkaline  solutions,  precipitated  by  acids.  Used  in  the  proportion  of  about  i 
P«  cent. 

(*Tr,  Cardamomi  Co.  {Tr.  Card.  Co.). — An  aromatic  alcoholic  (50  per  cent.)  vehicle, 
oAred  with  rochineal.     Used  undiluted  (see  Index). 

*Tr.  Persiimis  (Tr.  Persion.);  Tinct.  of  Cudbear  (a  lichen  allied  to  litmus). — Red  in 

'  The  preparations  of  each  class  are  generally  arranged  alphabetically  under  the  crude  drugs. 
Tlw  important  preparations,  which  the  student  is  expected  to  study,  are  marked.  *  In  addition 
^  tbtse.  be  should  glance  over  the  corresponding  crude  drugs. 
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neutral  or  add,  purplish  in  alkaline  volutions.     Used  in  the  propordoD  of  abont  t.$ 
per  ccDt. 

SmttjJum  Rithrum  (Santnl.  Rub.),  U.S.P.;  Plrrotarfi.  Li^t*.,  B.P.,  Red  Saunder». 

The  heart-wood  o(  Ptcrocarpus  sanlannum.     Used  in  Tr.  Lavand.  Co. 


PREPARATIOXS — BROWN  COIX)RS 


1 


Caramel  is  a  concentrated  aqueous  solution  of  carbonized  sucar.  Commercial 
canune)  is.  generally  maik  by  heating  glucose  nith  a  little  alkali,  unlit  the  sweet  taste  Is 
destroyed  and  a  uniform  dark  mass  results,  llisprobably  a  complex  mixture.  Cara- 
mel from  canc-suRar  according  to  Stulle.  tSoQ,  is  a  single  subslsDcc,  CitHi«0«,  formed 
tjy  the  elimination  of  two  molecules  of  water  from  sucrose.  Caramel  U  being  tried  to 
dtabcte«,  being  apparently  well  tolerated  (tlrafe,  11)14;  Umber,  1015). 

'Fldext.  Glycyrrhiaa  and  'Elix.  Glycyrrh.  (see  Index). 


J 


PREPARATIONS — YEtUJW  COLORS 

Crocus,  Saffron,  ha<i  been  U!<erl  as  .tbortifacicnt;  but  it  apparently  lacks  this  actii 
and  is  practically  non-toxic  (Ccvidalti.  1914). 

'Tr.  Curcumv  (Tr,  Curcum.J  (Turmeric)  jprecipitale*  with  water,  but  Bufff  * 
remains  in  solution  to  impart  a  yellow  color.  Used  In  ratio  of- 1  per  cent.  Carat 
cbiQges  to  reddUh  brown  la  alkalies. 

*Tr.  flydrasdi  (Golden  Seal)  i»  use'l  similarly  (sec  Index). 

FLAVORING 

This  subject,  although  often  neglected,  is  quite  important.  Tt^  not 
only  humors  the  patient  and  secures  more  conscientious  compliance 
with  the  prescription,  but  also  often  aids  absorption  and  digestion — just 
as  condiments  do  in  foods. 

Fatienta  often  fail  to  take  a  disagreeable  medicine,  and  the  physician  should  always 
be  on  the  l<JokouC  for  such  case^.  It  is  scarcely  nccc»sar>'  tosay  that  he  !ihould  approxi- 
mately control  the  amount  taken  by  judgini;  as  to  the  quantity  left  in  the  container,  as 
lie  should  also,  in  general,  control  the  medicine  dispenwd  by  the  druggist  as  to  its 
.ippcarancc  and  taste. 

Some  patients  rarry  the  deceit  further  and  [>our  away  the  appropriate  amount  of 
the  medinne,  and  if  the  physician  docs  not  obtain  the  anticipated  results  it  may  be 
well  to  prvscribe  some  test  metlicine.  such  as  salol  (0-3  Gm.),  or  potasaura  lodid  (a% 
Gm.l,  which  can  be  detected  in  the  urine.  ^m 

Improving  the  Taste  of  Liquid  Medicines. — This  may  be  done  by 
dilution;  sweetenini;;  demulcents;  aromatics;  alcoholics;  acids;  bitters; 
and  drugs  which  paralyze  the  taste-endings.  Several  of  these  means  are 
often  combined. 

Simple  Dilution.^This  is  often  most  effective  for  sails,  alkalies, 
chloral  and  other  hv-pnotics;  and  in  general,  substances  with  disagreeable 
hut  not  very  marked  taste.  These  should  be  taken  in  a  half-glass  or 
glass  of  water,  milk,  tea,  or  carbonated  water. 

The  Most  Important  FUvors.— The  following  will  be  found  to  be  gtaier- 
ally  sufficient: 

To  disguise  hitler  taste:  Aromatics  (Tr.  Cardamomi  Co. ;  Elixir  Aromatic; 
Syr.  Aurantii);  for  children,    Glycyrrhiza,   Aq.   Anisi,   Syr.   Tolulanus. 

To  disguise  acrid  taste:  Aromatics  as  above;  also  syrups,  acacia, 
acid  flavors  (Syr.  Aurant.). 

To  disguise  sally  or  alkaiine  taste:     Dilution  with  simple  or  carbonatf 
or  aromatic  water  or  milk. 

To  disguise  oily  taste:    Aromatics  (Oil  or  Spirit  of  Peppermint,  lem< 
orange,  wintergrccn  or  almond,  according  to  personal  preference). 

For  insipid  drugs:    Aromatics  and  acids  (Syr.  Aurantii). 
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PR£PARATIONS — SUGARS  AND  HONEYS 

*Sacckarum  (Sacch.),  U.S.P.,'  Saccharum  Purificaium  (Sacch.  Pur.),  B.P.;  Sugar 
(Cane  or  Beet),  CuHnOu. — Very  sol.  in  water  (1  : 0.5),  slightly  in  ale'  (i  :  1 70).  Used 
for  sweetening  [wwders,  for  the  administration  of  vdatile  oils  (eleosacchara),  and  the 
prqwration  of  syrups,  elixirs,  etc. 

'Sugar  SubstUuUs. — In  cases  where  sweetening  is  desired  and  sugar  is  excluded, 
paiticuUu'ty  in  cases  of  diabetes,  the  artificial  synthetic  product  saccharin  may  be 
substituted.  It  is  about  300  times  as  sweet  as  sugar,  but  the  taste  is  not  exactly  the 
same.  The  dose  for  a  cup  of  coffee  or  tea  is  about  ^  to  i  gr.  Glycerin  is  another  sweeten- 
ing substance  which  does  not  contain  sugar,  and  is  sometimes  employed  in  place  of 
saccharin.  A  principle  of  quite  a  different  kind  is  the  glucosid  of  ^lycyrrkizi.  This 
icts  only  in  alkaline  liquids.     It  has  no  taste  if  the  liquid  is  made  aad. 

Many  other  substances  have  a  sweet  taste.  Attempts  to  connect  thb  with  the 
chemic  structure  (Haycraft,  1882;  Sternberg,  1898)  have  not  been  very  successful. 

'Saccharum  Lactis  {Sacch.  Lact.),  U.S.P.,  B.P.;  Sugar  of  Milk  (I-actose);  CuHmOh- 
HjO. — White,  hard,  crystalline  masses,  or  white  powder,  feeling  gritty  on  the  tongue; 
odorless;  faintly  sweet  taste.     Freely  sol.  in  water  (i  i^.g);  almost  insol.  in  ale. 

Gtucosum  (Glucos.),  U.S.?.,  B.P.,  Glucose  (Syrupy). — The  product  obtained  by  the 
hydrolysis  of  starch,  consisting  chiefly  of  dextrose  and  dextrins.  Colorless,  or  slightly 
colored,  thick,  syrupy  liquid.     Very  sol.  in  water,  sparingly  sol.  in  ale. 

Syr.  Glucos,  B.P. — Glueose  i,  svrup  2. 

Mel,  U.S.P.— Honey. 

Mel  Depuratum  (Mel  Depurat.),  U.S.P.,  B.P.— Oarified  Honey. 

Oxymd,  B.P. — Honey  with  ^  acetic  acid.     Dose,  2  to  8  c.c,  J^  to  a  drams. 

RosaGaUica  (Rosa  Gall.),  U.S.P.;  (Ros.  Gall.  Pet.),  B.P.— Rose  Petals. 

Conf.  Ros.  Gall.,  B.P.— 2Sper  cent,  of  fresh  Rose  Petals. 

Mel  Rosa,  U.S.P.;  Honey  of  Rose.— Fldxt..  i ;  Honey,  ?•     Dose,  4  c.c.,  i  dram,  U.S.P. 

PUUxi.  Ros..  V.S.V.—Dose,  2  e.c.,  30  minims,  U.S.P. 

Syr.  Rosa  (Syr.  Ros.),  B.V.—Dose,  2  to  4  c.c,  H  to  i  dram,  B.P. 

Rkaados  Petala,  B.P.— Red  Poppy  Petals. 

Syr.  Rhaad.,  B.P.—Dose,  2  to  4  c.c,  H  to  i  dram,  B.P. 

PREPARATIONS — ^FLAVORING    SYRUPS 

'Syrupus  (Syr.),  U.S.P.,  B.P. ;  Syrup. — A  strong  aqueous  solution  of  sugar  containing 
BS_Gin.  of  sugar  in  100  c.c.  of  syrup,  U.S.P.  (66.7  Gm.  in  loo  Gm.  of  syrup,  B.P.). 
Misdble  with  water  or  alcohol.  It  is  more  commonly  employed  in  the  form  of  the 
Stvored  s>'Tup5.     Their  dose  is  ad  libitum. 

*Syrupus  Acidt  Cilrici  (Syr.  Acid.  Cit.),  U.S.P. — A  i  per  cent,  solution  of  citric  acid, 
ttivored  with  sugar  and  lemon  peel. 

Limonis  Cortex  (Limon.  Cort),  U.S.P.,  B.P. — Lemon  peel  (fresh). 

(X.  Limon.,  U.S.P.,  B.P. — A  volatile  oil  obtained  by  expression  from  the  fresh,  ripe 
ptd  of  Citrus  medica  var.  Limonum.  Dose,  0.2  c.c,  3  minims,  U.S.P.;  0.03  to  0.18 
^1  H  to  3  minims,  B.P. 

Syr.  Limon,  B.P. — About  50  per  cent,  of  lemon  juice,  flavored  with  lemon  peel. 

Tr.  LimoH.  Cort.,  U.S.P. — 50  per  cent. 

Tt.  Limon.,  B.P. — 25  per  cent.     Dose,  2  to  4  e.c,  }i  to  1  dram,  B.P. 

Awaniii  Amari  Cortex  (Aur.  Amar.  Cort.),  U.S.P.;  Aurant.  Cort.  Sice,  B.P.;  Bitter 
Ottnge  Peel.^The  dried  rind  of  the  fruit  of  Citrus  Aurantium  amara.  Dose,  i  Gm., 
iSjr.,U.S.P. 

Awant.  Cort,  Rec.,  B.P.— The  fresh  peel. 

Pldext.  Aur.  Amar.,  U.S.P.— Dose,  i  cc;  15  minims,  U.S.P. 

/■/■  Aurant.,  B.P. — s  pw  cent.     Dose,  15  to  30  c.c.,  ^  to  i  ounce,  B.P. 

/»/.  Aurani.  Co.,  B.P. — 25  per  cent.,  with  lemon  and  cloves.  Dose,  15  to  30  c.c; 
H  to  I  ounce,  B.P. 

W.  Aur.,  U.S.P. — Dose,  0.2  e.c,  3  minims,  U.S.P. 

5^f.  Aur.  Co.,  U.S.P. — 20  per  cent,  of  orange  oil,  with  oils  of  lemon,  coriander  and 
Vase. 

^'"U.S.P."staiids  for  preparfttiont  official  in  the  United  States  Pharmacopeia;  "B.P.."  British 
.^«nB«cop«*;    "N.N.R.."    New    and    Non-official    Remedies;    "S.P.."    National    Formulary; 

B.PjC,''Briti«h  Pharmaceutic  Codex. 

.  'The  following  abbreviations  will  be  used  in  connection  with  solubilities.  Ale.  —  alcohol; 
VTCk  glycerin;  eth.  —  ether;  chlorf.  —  chloroform.  The  figures  refer  to  the  parts  solvent 
SS"'^  ^o  diatolve  i  part  of  drug  (f.i.,  i  ;  0.5  —  i  part  of  drug  dissolves  in  0.5  parts  of  solvent). 

'v  Klabilities  refer  to  as'C.  (room  temperature),  unless  otherwise  stated. 
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'Syrup.  Auranlii  (Syr.  Aur.j,  U.S.P.;  (S)t.  Aurant.),  B.P.;  S>Tup  of  Orange. — 
Flavored  with  orange  peel.     The  U.S.P.  coolaim  \^  per  ccat.  of  dlric  acid.     Dos 

2  la  4  C.C.,  yt  to  I  dram.  B.P. 

Tr.  Attr.  Amar.,  U.S-P.,  20  per  cent.  Tr.  AuriitU,  B.P.,  35  per  ccoL — Dose,  4 
t  dram,  U.S. P.;  1  to  4  cc,  ^j  to  1  dram,  B.P. 

Vin.Aurcnt.,  B.P. 

A uraniii  DiUc'ts  CorUx  (Aur.  Didc.  Con.),  U.S.P. — From  Citrus  Auranlium  sincr 

AuntU.  Cort.  Ind..  B.P. 

Aq.  Atir.  Plor.,  U.S. P.;  .-1^.  Aurant.  Fltv.,  B.P.;  Orange  Flower  Water.  -.V  50 
cent.  U.S. P.  (j3  per  cent.  B.P.)  diluiion  of  the  Stronger  Water. 

.'Iff.  Aur.  FSor.  Fort.,  U.S.I'. — The  saturated  aqueous  distillate  prepared  by  di.>itilUiu 
the  fresh  flowers  of  Otru<i  .-Vurantium  nmara  with  water.  J 

Syr.  Aur.  Fhr.,  U.S.P.;  Syr.  Aurant.  Fhr.,  B.P.;  Synjp  of  Orange  Flowers.— flw| 

3  to  4  c.c.  l-jj  to  I  dram. 

*FJixir  Aritnaiicitm  (Etix.  Atom.),  U.S.P.  (Simple  Elixir). — Syrup  containing  about 
35  per  cent,  of  alcohol  and  flavored  with  aromatic*  (Comp.  Splr.  Orange). 

FtdaU.  Arom.,  U-S-P.^From  Pulv.  Arym.     Dmf.  1  c.c,  15  minims,  U.S.P 

Pidt.    ArtMn.,    U.S.  P. —Cin  nam  an.    Ginger.    Cardamon    and    Myristica.     DoUf 
Gm.,  15  gr.,  U.S.P. 

Syr.  .^romttl.,  B.P. — Flavored  with  orange  and  cinnamon.     Ihtsr,  2  to  4  cc,  ^ 
dram.  B  P. 

Glycyrrhita  (Glycyrfh.),  U.S.P.;  (Gtyryrrh.  Rod.],  B.P. — The  dried  rhiMtne.  and  roots 
of  Glycyrrliiza  glabra  typica,  Spanish  Licorice;  or  of  Glycyrrhiza  glabra  glandulifera, 
Rus!uan  Licorice.     Dmt.  2  Gm.,  30  gr..  U.S.P. 

'Eilx.  Glyfyrrh..  U.S.P.  (fUix.  .Vdj'uvan*).— Fldcict.  i;  Elix.  .\rom.  7.  j 

£xl.  Glvc\rrh.,  U.S-P.^CDmincrdal  Extratt  uf  Glycyrrtii*.-!  (Hcoricc).  .■ 

Ext.  Glycyrrh.  Pur.,  U.S.P.;  F.xt.  Giycyrrh.,  B.P.— An  evaporated  watery,  piltdfl 
extract. 

'Fluidextractum  Glycyrrkisa  (Fldext  Giycyrrh),  U.S.P.;  £«.  Glycyrrk.  Lia.,  B.P.— 
A  watery  c;ctract  of  Glycyrrhiza  flicoricc  njot),  prcstrrvcd  with  25  per  cent.  01  alcohol 
The  U.S.P.  contains  some  Ammoiii.i  to  dis-solve  the  sweet  gluca^id,  Glyryrrfiisin.  This 
19  precipitated  by  acids,  which  arc  therefore /Rcom^f;V</«.  It  is  mtsciblc  with  n-ater  or 
alcolml.  Mixed  in  thi'  propurtiun  of  i :  7  with  »yrup  or  elixir,  it  h  a  good  vehicle  for 
quinin  etc     Dosr,  :  ic,  30  minims,  U.S.P.;  ;  to  4  c.c,  J3  to  1  dram,  B.P, 

Glycyrrhudn  belon^^  to  the  saponins,  although  it  docs  not  have  the  tj'ptcal  formula 
and  dr>c3  not  Uemnlyw;  [Kobcrt,  1015;  he  also  di."scrilj«i  a  new  chemic  test).     The  ' 
likewise  contains  re^in*.     Composition:  Houseman,  1916. 

*Syr.  C/yr-yrr.— Fldcst.  i;  Synjp  7. 

GlyfyrrkiziHum  AmmoHiatum  (Giycyrrh.  Ammon.),  L'.S.P. — Dark  brown  or  brown- 
ish-red <icalcs,  without  odor,  and  having  a  vcrj*  sweet  taste.  Freely  sol.  in  water  and 
sol.  in  nic.     thse,  0,15  Gm.,  U.S.P. 

'Syr.  TMuianus  (Syr.  Tolut.),  U.S.P.;  (Syr.  Tolu.),  B.P.— Prepared  from  Tdu 
Balsam-     Dtur,  15  c.c.  4  dram,  U.S.  P.;  .'  to  4  cc,  M  to  1  dram,  B.P. 

t'.i«///jMM»i,  U.S.P.;  Vanillin.  Mcthylprotoratcchuic aldehyde  (C.H,-OHC)CH,-COH 
4:3:  <)- — Fine,    white,  cr>'stalline  necdie*;  odor  and  taste  of  vanilla.     Sol.  in 
(1 :  100);  freely  sol.  in  ale,  give,  or  eth.     Dotr,  0.03  Gm.,  H  gr.,  U.S.P. 
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AROMATIC   WATERS,   SIMKITS   AND   OILS 

Aromatic  Wattrs. — These  are  miscible  with  water  or  alcohol, 
dose  is  ad  libitum. 

.Xromatk  Spirits. — These  are  used  in  alcoholic  and  oily  liquids,  la  til 
proportion  of  2  per  cent.    They  are  immiscible  with  water.  1 

.Xromatii  Oils. — These  may  be  used  (or  flavoring  alcoholic  or  oily 
liquids,  in  the  proportion  of  0.2  per  cent.    However,  the  spirits  are  g 
erally  preferred. 

Aromatic  Tinctttfcs, — ^Tbese  are  used  similarly  to  the  Spirits.    N< 
of  the  simple  tinctures  are  especially  important. 

Some  flavors,  such  as  Gauliheria,  etc.,  have  also  more  important 
lions,  and  will  not  be  discussed  here. 

Aq.  Ants.,  U.S.P.,  B.P.— Aniw  Waler.     Doif,  15  cc,  4  drams,  U.S.P. 
Sp.  Antj.,  U.S.P.,  B.P. — to  per  cent.    Dete,  2  cc,  jo  minims,  U.S.P.;  o-s  to 
cc,  s  to  ao  minims,  B.P. 
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01.  Anis.,  U.S.P.,  B.P.— The  volatile  oil.  Dose,  0.3  c.c,  3  minims,  U.S.P.;  0.03 
to  0.18  cc,  M  to  3  minims,  B.P. 

;4fiu«fK  (Anis.),  U.S.P.;  Anis.  Fruct.,  B.P. — The  dried  ripe  fruit  of  Pimpinella 
.\iU3um.     Dost,  0.5  Gm.,  8  gr.,  U.5.P. 

Panicuium,  U.S.P.  (Fennel  seed). — The  dried,  ripe  fruits  of  cultivated  varieties  of 
Foniculum  vulsare.     Dose,  i  Gm.,  15  gr.,  U.S.P. 

Aq.  Ftntic.,  U.S.P.,  B.P.— Fennel  Water.     Dose,  15  c.c,  4  drams,  U.S.P. 

01.  Panic,  U.S.P.— The  volatile  oil.     Dose,  0.2  cc,  3  minims,  U.S.P. 

Aq.  Anelk.y  B.P.— Dill  Water. 

01.  Anefk.,  B.P. — Volatile  oil.     Dose,  0.03  to  0.18  cc,  J^^  to  3  minims,  B.P, 

Anttki /nictus,  B.P. — Dill  Fruit.     From  Peucedanum  graveolens. 

Aq.  Carui,  B.P. — Caraway  Water. 

0/.  Can,  U.S.P.;  01.  Carui,  B.P.— Volatile  oil.  Dose,  0.2  cc,  3  minims,  U.S.P.; 
0.03  to  0.18  cc,  }^  to  3  minims,  B.P. 

Corum,  U.S.P.;  Carui  Pruct.,  B.P.— The  dried  fruits  of  Carum  Carvi.  Dose, 
I  Gm.,  15  gr.,  U.S.P. 

01.  Ajoxoan,  B.P. — Volatile  oil  of  fruit  of  Carum  copticum.  Dose,  0.03  to  0.18  cc, 
H  to  3  minims,  B.P. 

Cinnamomum  Zeylanicum,  U.S.P.;  Cmnaffi.  Cort.,  B.P.;  Ceylon  Cinnamon. — The 
dried  bark  of  cultivated  trees  of  Cinnamomum  zeylanicum.  Dose,  0.35  Gm.,  4  gr., 
D.S.P. 

*Aqua  Cinnamomi  (Aq.  Cinnamom.),  U.S.P.,  B.P. — Cinnamon  Water.  Dose, 
15  cc,  4  drams,  U.S.P. 

01  Cassia,  U.S.P.,  01.  Cinnam.,  B.P. — A  yellowish  or  brown  volatile  oil  distilled 
from  the  bark  of  Cinnamomum  Cassia,  U.S.P.;  zeylanicum,  B.P.  Dose,  0.2  cc,  3 
minims,  U.S.P.;  0.03  to  0.18  cc,  }i  to  3  minims,  B.P. 

Pulv.  Cinnam.  Co.,  B.P.  (Pulvis  Aromaticus). — Equal  parts  of  Cinnamon,  Cardamon 
ind  Ginger.     Dose,  0.6  to  4  Gm.,  10  to  60  gr.,  B.P. 

Sp.  Cinnam.,  U.S.P.,  B.P. — 10  per  cent,  of  oil.  Dose,  2  cc,  30  minims,  U.S.P.; 
0.3  to  1.3  cc,  5  to  30  minims,  B.P. 

Tr.  Cinnam.,  U.S.  P.,  B.P. — 30  per  cent,  of  the  bark.  Dose,  3  c.c,  30  minims,  U.S.P.; 
1  to  4  cc,  J'^  to  I  dram,  B.P. 

Cinnamomum  Saigonicum,  U.S.P. — The  bark  of  an  undetermined  species  of  Cinna- 
momum.    Dose,  0.25  Gm.,  4  gr.,  U.S.P. 

Oliveri  Cort.,  B.P.— The  bark  of  Cinnam.  Oliveri. 

Tr.  Oliver.  Cort.,  B.P. — 10  per  cent.     Dose,  3  to  4  cc,  J^  to  i  dram,  B.P. 

'Aqua  Mentha  Piperita;  (Aq.  Menth.  Pip.),  U.S.P.,  B. P.— Peppermint  Water. 
Dest,  15  cc,  4  drams.  U.S.P. 

Aqua  Mentha  KirWis  (Aq.  Menth.  Vir.),  U.S.P.,  B.P.— Spearmint  Water.  Dose, 
15  cc,  4  drams,  U.S.P. 

Sassafras.  U.S.P. — The  bark  of  the  root  of  Sassafras  variifolium.  Dose,  10  Gm., 
2M  drama,  U.S.P. 

Oleum  Sassafras  (01.  Sassaf.),  U.S.P. — A  yellow  or  reddish  yellow  volatile  oil 
&tiDcd  from  Sassafras  root.     Dose,  0.2  c.c,  3  minims,  U.S.P. 

*Aqua  Rosa  (.Aq.  Ros.),  U.S.P.,  B.P.;  Rose  Water.— A  50  per  cent,  dilution  (33 
percent.,  B.P.)  of  Stronger  Rose  Water. 

Aqua  Rosa  Fortior,  U.S.P. — Prepared  by  distilling  the  fresh  flowers  of  Rosa  cen- 
tiftJia  with  water. 

Oi.  Ros.,  B.P.  (Otto  of  Rose). — The  volatile  oil  of  the  fresh  flowers  of  Rosa  damascena. 

01.  Graminis  Ciirati,  B.P. — Oil  of  Lemon  Grass.  Dose,  0.03  to  0.18  c.c,  J-a  to  3 
oinims,  B.P. 

W.  Cofiandri  (Ol.  Coriand.),  U.S.P.,  B.P. — Volatile  oil.  Dose,  0,2  cc,  3  minims, 
'^■S.P.;  0.03  to  0.18  cc,  J2  to  3  minims,  B.P. 

Ctriandrum,  U.S.P.;  Coriand.  Fruct.,  B.P.;  Coriander. — The  dried  ripe  fruit  of 
Coriandrum  sativum.     Dose,  0.5  Gm.,  8  gr.,  U.S.P. 

'Tinctura  Ciirdamomi  Composita  (Tr.  Cardam.  Co.),  U.S.P.,  B.P. — 2  per  cent,  of 
Cudamom,  with  Cinnamon,  Caraway  and  Cochineal,  in  50  per  cent,  alcohol,  U.S.P. 
WW,  4  cc,  I  dram,  U.S.P.;  2  to  4  c.c,  >^  to  i  dram,  B.P. 

Tr.  Card.,  U.S.P. — 15  jier  cent,  in  50  per  cent,  alcohol.     Dose,  2  c.c,  30  minims, 

Cardomomi  Semen,  U.S.P.,  B.P.;  Cardamom  Seed. — The  dried  seeds  of  Elettaria 
Cttdamomum.     Dose,  j  Gm.,  15  gr.,  U.S.P. 

Tr.  Lavand.  Co.,  U.S.P.,  B.P.  (Compound  Spirit  of  Lavender). — Lavender,  Rose- 
*My,  Cinnamon,  Clove,  Myristica,  Red  Saunders,  in  75  per  cent.  Alcohol,  U.S.P. 
^«.  1  cc,  30  minims,  U.S.P.;  3  to  4  c.c,  }4  to  1  dram,  B.P. 
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5^/r.  Lavattd.,  5  per  writ  of  oil.  U.S.P.;  10  per  ccnt^  B.P.    Dose,  3  cc,  j 
U.S.P.;  0,3  to  I, a  C.C.,  5  to  20  minims,  B.P. 

Ot.  I-inand.,  U.S.P.,  B.P. — A  volatile  oil  tlistillcd  from  the  fresh  flowvrinit  tops  of 
Lavandutii  vera.     DoJt,  0.3  r.c,  i  minims,  U.S. P.;  o.oj  tti  o.i.Sc.c.,  M  tu  3  minmis,  B.P. 


KklODlCTYON  (verba  SANTA) 


The  leaves  of  this  plinl  disjjuise  bitter  taste  (not  swe«l,  salt  or  acid  lasU).  It 
however,  thcnpruticalty  objecuonahle.  It  probably  renders  alkaloids  insoluble,  ani 
as  for  urdinnry  biUcrs,  it  is  exlccmely  probable  that  iht  Ihcraptulit  action  is  connected 
with  the  biiitr  taslt.  One  cc.  of  the  fluidextract  covens  the  taste  of  0.01  j  Gm.  o( 
qtiinin  sulphate  or  1.5  Gm.  of  quassia. 

Similar  proptrrtica  are  found  in  the  following  plants:  Gymnema  sylvcstre;  Bulme- 
Ilia  dutcifica,  and  Pliryrium  Duiitelli.  Gymnema  contains  fcymnemic  acid,  which 
destroys  bitter  and  sweet  Ustc,  not  acid  or  salt. 


PRECARAT10N.S 

Eriodictyon,  V-S.l'.  (Verba  Santa/.— The  dried  leaves  of  Eriodictyon  califoroi 
(Cam[Misit!cin.  Tutin,  loio).     D'ne,  i  Gni.,  15  gr.,  U-S.P. 

Fidtxt.  Eriodict.,  U.S.P.     Dcic,  t  ex.,  15  minims,  I'.S.P.;  precipitated  by  water. 
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THE  TREATMENT  OF  DISEASE 

Development  of  Therapeutics. — If  wc  cast  a  glance  at  the  hi!>tor>-  of  therapeutics, 
ihf  treatment  of  diMMse,  we  are  met  with  *ome  very  sinRular  facts.  Some  of  lh«c  will 
serve  to  explain  errors  which  have  long  ndherod  and  which  still  adhere  to  the  subject. 

We  may  imagine  one  uf  our  remuteft  ance«.luri  brought  face  to  face  with  iliscase. 
How  m>-stcrioua  must  ha\*c  seemed  to  him  the  phenamcoon  that  to-day  he  is  strong. 
active,  and  full  of  life,  and  to-morrow,  withnut  any  cause  apparent  to  htm,  he  b  weak, 
li-tlleis.  iiiid  about  to  die!  What  strong  hold  it  must  ha%'e  lakrii  upon  hi^  untutored 
imai^iiaiionl  How  earnestly  he  must  have  sought  for  means  to  remedy  it!  Fiere  he 
happened  at  once  upon  two  apparently  vcrj-  different  methods:  a  spiritual  and  a 
matrria!.  On  the  one  hand,  overpowered  by  the  mysleriousDcsA  ut  the  process  he  lo&t 
himself  in  supcnutioD.  He  deemed  the  disca^r  due  to  malevolent  spints  which  could 
be  appeased  tiy  prayers  and  inranlntinns.  This  formed  the  imncipu-il  materia  mcdica  of 
prehistoric  ages,  as  it  docs  of  the  modem  savage.  It  still  sur%*ives  in  a  modified  form 
in  "Christian  Science," 

On  the  other  hand,  chance  and  the  obscr\-ationof  animals  revealed  to  him  that  certain 
materiiil  products  were  also  elTiripnl.  As  long  as  he  limited  himwlf  to  actual  observa- 
tion, the  results  were  usually  good,  llawcver.  he  soon  began  to  search  for  more  of  these 
remedial  agents.  In  thi;.  seiirch  we  must  remember  the  total  ijfnorance  which  then 
existed  regarding  the  nature  of  the  action — iKilh  of  the  disease  and  Ti:med\-.  In  this 
darkncsii  he  was.  only  Um  gl.id  to  be  guided  by  any  ray  of  light,  without  having  the  means 
to  examine  whether  the  tigiil  came  from  a  beacon  or  was  only  an  igni^  fatuus.  With 
the  fantastic,  half  logical  incongruity  so  characteristic  of  the  untutored  mind  be  a»- 
Sumcd  the  most  extraordinary  reUtiuns. 

It  is  interesting  to  ohser%-c  a  little  closer  the  principles  which  guided  the  blind  savage 
in  hin  search  for  remedies.  Having  found  that  mrisl  active  mcdicinctt  had  a  bitter  or 
disagreeable  taste,  he  came  to  regard  any  such  substance  as  beneficial.  Thas  arose  a 
host  of  simples  which  arc  now  stowed  away  lo  molder  in  the  attic  of  science,  and  which 
ml|^ht  well  be  disri-ganied  were  It  not  that  wime  zciilot  occaMonally  di:^lurbs  their  well- 
canted  rcpo*c  and  attempts  to  launch  them  as  something  new. 

Xor  did  this  lox-e  of  the  disgusting  die  out  with  ihe  stone  age.  It  was  prolonged 
far  intn  the  middle  ages.  To  it  wc  can  probably  trace  the  employment  of  fcGes  and 
uiine.  of  smoked  snake,  and  of  others  still  worse. 

At  a  l.-vter  period  of  Ihe  middle  ages  it  was  tried  to  combine  the  spiritual  and  the 
material  treatment.  It  was  thought  that  the  Deity  alone  could  cure  disease,  but  that 
He  ha<l  Kiven  man  material  remedies,  and  in  His  wiidnm  He  had  nut  a  seal  upon  them 
hv  which  man  might  know  them.  Thus  arose  in  due  time  what  is  called  tlie  doctrine 
ol  "signiitiircs."  According  to  this,  the  use  of  a  remedy  was  suggeslcil  by  n  fanciful 
resemblance  in  shape  or  color  to  some  organ;  e.g.,  the  liverwort,  the  lungwort,  blc 
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Silver  was  used 


etc.    These  are  survivals  of  this  custum.     Even  a  name  was  sufficicat. 
in  lanacy  because  it  vas  dedicated  to  Luna.^ 

On  tnc  (Rhcr  hand,  alchemists  had  arisen  vith  their  pertinacious  search  for  the 
TitaloMpher's  stone,  which  was  to  oinvert  all  nictaU  into  gold,  and  cure  ull  diseases. 
In  thb  search  they  ^\'c  their  nostra  enensivc  trial  on  Mck  and  well. 

The  schonl  of  ipagirist^  was  founded  toward  the  end  of  the  fourteenth  century  and 
reached  its  zenith  of  power  with  Paracelsus.  They  insi-stcd  upnn  the  mystical  virtues 
of  antinxtny,  arsenic  and  silver  and  chemicals  in  (tencral,  and  stood  opposed  to  the 
old  Galcniflt^,  who  U5td  only  organic  dnijr*.  SlDtwilhstartding  their  mysticism, 
whkb  savors  of  quackcr>',  we  must  thant:  them  for  the  discovery  of  some  of  our  most 
valuaitk  medicines. 

ThuSp  K  mass  of  mmtcrials.  rubbish  and  otherwise,  was  added  to  the  various  simples, 
!«tc.  ^vfng  so  well-stocked  an  armory,  the  physicuui  of  that  day  felt  that  he  was  not 
itAnfi  hi*,  duly  unlesit  he  gave  hi»  patient  the  be-neGt  of  it  all,  and  the  "shot-gun" 
ptocription  ilourishcd  at  its  beat. 

Ibe  HomeopathicDoctrine. — A  natural  rcaclion  aRain!>t  this  excessive  drugging  set 
to,  and  bad  for  one  uf  iu  &nt  rcsujis  the  cstahli<%hmcnt  of  homeopathy  by  Hahnemann, 
near  the  end  of  the  rifchtccnth  century.  The  Hahnemann  system  was  by  no  means  new. 
For  the  most  port  It  had  its  roots  much  further  back.  It  was  the  natural  result  of  the 
then  existing  theory  of  "vitalism." 

Hahnemann  b<rlie\*e4l  that  disease  depends  upon  a  perversion  of  the  purelv  spiritual 
mat  powers  and  is  entirely  imnuiterLal  in  its  nature.  Logically,  a  thing  spintual  could 
ai>t  )>c  combated  by  maleriat  remedies,  and,  hence,  H.ihnemann  turned  to  a  ^pi^itual 
power  which  he  believed  to  be  bound  up  in  plants  and  liberated  by  dilution.  The 
sclivity  would  therefore  increase  with  the  dilution,  and  be  the  greater,  the  Mtiallet  the 
dofc  I  doctrine  uf  i>uteDcy).  This  liberation  of  the  principles  exactly  turned  their  action 
around,  so  that  the  action  of  ha  dilutions  was.  he  stated,  exactly  the  oppusilc  of  that 
of  the  concentrated  drug,  and  could  be  used  for  the  relief  of  such  .^>-mptom5  as  the  latter 
produced:  Similia  simHibus  (urantur.  This  was  the  first  tenet  of  Hahnemann.  The 
tecond  was  tJiat  the  nature  of  the  disease  beinn  unseizable,  it  was  not  subject  to  treat- 
meat,  but  that  only  its  s>'mptoms  can  be  treated.  Hence,  homeopathy,  in  so  far  as 
it  Inli'iwi  the  pnnriples  of  its  founder,  has  nu  place  for  the  medical  sciences,  such  at 
phvMoIogy,  anatomy,  pathology,  or  chemistry.  Any  one  with  an  indeied  book  of 
symptoms  and  their  remedies  would  be  able  to  practice  it  without  an  elaborate  study 
«  IKcii.-ttAiiiin. 

In  marked  contrast  to  the  above  is  the  third  dictum:  that  the  medicinal  treatment 
■isl  be  iu[i[i(>rttni  by  dietetic  and  hygienic  measures. 

The  claim>  of  homeopathy  a.s  a  rational  s>'8tcm  hince  on  the  proof  of  thejifm/id 
MtHihm  theory  and  of  tlic  doctrine  of  potentiation  by  dilution.  Moat  of  its  advocates 
wcai  to  deny  altogether  the  relevance  of  sdentLAc  te^Limony,  and  to  base  themselvea 
purely  on  the  slippery  ground  of  empirical  experience.  Other*,  however,  whilst  they 
ortfultv  nt-clrct  the  ;;reat  body  of  scientific  L-x[)ericnce  which  disproves  their  theory, 

I  to  avail  themselves  of  the  few  experimental  facts,  which,  through  a 

I I  conlnrtiiins  and  sophisticalion<i,  can  be  twisted  into  a  specious  support. 
...I.  ,..;nsc!i  seems  to  have  started  from  the  observation  that  large  doses  of 

6BlglpKMlut.e  (he  oppoMle  effects  from  miideratc  duse^.  The  correctness  of  this  principle 
•sjr  be  granted,  fur  most  cases.  Itut  it  is  a  very  unwarranted  feat  of  logic  to  assume 
tlu  inhnilrotmal  di>ses  muU  again  cause  effects  upjiobite  to  ttmse  of  moderate  doscsl 
,  Ihe  more  recent  dt«cover>-  of  the  effect  of  dilution  on  electrolytic  dissociation,  on 
"Blaiiofl.  has  also  been  seized  upon  as  illustrating  homeopathy — quite  disregarding 
t^lsct  that  the  action  ilepi-mls  on  the  number  of  ions  rather  than  on  the  degree  oi 
'■watkm;  and  the  further  fact,  that  the  majority  of  the  substances  employed  in 
^"VKOfatity  are  not  eleclrulytes  at   alll     These  few  examples  of  inconsistencies  may 


Bahnemann'g  system  was  the  natural  outgrowth  of  his  time.  At 
ptoent  it  is  an  anachrunism,  as  his  pupils  arc  the  hrst  to  acknowledge  in 
IWctire,  if  not  in  words.  But  in  his  time  Hatutemanu  accomplished  con- 
"•laablc  for  medical  science.  He  called  attention  to  the  importance  of 
•fit',  etc.,  when  this  was  only  too  much  neglected;  but  perhaps:  the  piin- 
*^  UM  of  homeopathy  has  been  to  show  to  rational  medicine  the  fact 
'  M  iii«asc  tends  to  recovery  without  any  medical  interference. 

'  1>  "vultl  Appear  liat  the  uiUve  CbJncie  ta«t«riA  medica  u  tkraely  bucd  oa  the  doctrin*  of 
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Therapeutic  Nihilism.— This  was,  indeed,  the  next  step  which  medicine 
took — total  eniancipaiion  from  all  drugs.  This  dales  from  the  establish- 
ment of  the  Vienna  school  by  van  Swieten,  in  1745.  The  strongest  advo- 
cate of  nihilism  was  Skoda  (1805-1881),  the  founder  of  the  methods  of 
percussion  and  auscultation.  Such  nihilism  was  absolutely  necessary  ai 
that  lime,  just  as  periods  of  skepticism  are  necessar)-  in  philosophy,  and 
mark  steps  in  progress.  The  accumulated  refuse  was  so  great  as  to  bur>' 
the  good.  The  oiily  way  was  to  empty  out  the  whole  and  begin  anew. 
This  was  a  necessity  then,  but  now  consistent  nihilism  is  as  obsolete  as 
the  "Shot-gun"  prescription.  He  who  proclaims  it,  simply  proclaims  hu|J 
own  ignorance  and  want  of  critical  faculty.  ^" 

The  Rise  of  Rational  Therapeutics.— The  recstablishment  of  thera- 
peutics, founded  now  upon  reason,  was  thus  aided  by  the  very  man  who 
had  attempted  to  destroy  it.  For  he  established  physical  methods  of 
diagnosis,  and  demonstrated  the  effects  of  disease  as  Ihcy  had  never  been 
demonstrated  before,  making  it  possible  also  to  demonstrate  the  effect 
of  remedies. 

Then  followed  the  isolation  of  active  principles  (led  by  the  disco\-ery 
of  morphia  in  1S17),  thus  substituting  the  definite  for  the  indefinite  drugs. 
Finally  followed  animal  experimentation,  by  means  of  which  moder^^ 
pharmacology  has  developed.  ^^ 

Services  of  Phaimacology. — This  has  made  possible  a  much  moi^* 
e.xart  knowledge  of  the  action  of  drugs,  willioul  which  their  employment 
would  be  a  matter  of  mere  chance.  It  also  made  available  much  more 
accurate  methods  of  observation,  and  furnished  standards  by  which  thera- 
peutic trials  must  be  conducted.  It  led  to  the  introduction  of  the  great 
number  of  synthetic  drugs,  some  of  great  usefulness,  because  it  pointed 
out  the  directions  in  which  new  drugs  could  be  sought  with  most  success. 
It  furnished  the  means  of  trj'ing  their  actions  and  probable  usefulness  on 
animals,  when  their  use  on  man  would  not  be  justified  without  these 
preliminary  trials.  It  has  aJso  contributed  to  the  development  of  experi- 
mental pathology,  and  has  thus  laid  the  foundation  of  expcrimetUal  thcra- 
peutks—\.\\c  experimental  investigation  of  the  action  of  drugs  in  disease. 

pBjrcbotherapy. — Rational  thcrapculioi  is  now  on  ti  firm  basis.  Bui,  at  the 
same  lime,  the  m>'stic  has  also  been  further  ilev-rloped,  not  onb'  in  homeopathy,  but  alsn 
in  the  many  forms  of  suftgcsUon.  The  value  ol  i<uR(;cslivc  Uu-rapcuiics  proper  cannot 
be  denieil.  It  is  a  strictly  scierlific  method  of  trrjttmenl,  and  Li  employed  in  its  milder 
forms  by  every  ph>*sician  as  "  the  personal  influence  "  ,TJid  the  "  (aith  in  doctor  and  medi- 
cine." It  often  constitutes  all  there  is  of  merit  in  those  medical  fads  which  have 
accompanied  medical  science  uncc  the  oldest  time. 

Vis  Medicatrix  Naturse. — It  is  most  important  to  the  rational  treat- 
ment of  disease  that  the  physician  should  understand  that  he  cannot 
directly  make  a  patient  well.  That  is  exclusively  nature's  tEisk.  Physi- 
ologic functions  tend  to  rim  their  normal  course,  or  to  return  to  it 
if  they  have  been  disturbed.  "Nature,"  therefore,  tends  very  strongly  to 
bring  the  organism  Ijack  to  its  normal  conditions,  or  life  would  long  smce 
have  disappeared  from  the  globe.  The  task  of  the  physician  consists  in 
directing  his  treatment  in  such  a  manner  as  to  remove  obstacles  from 
nature's  path. 

Just  as  the  surgron  am  not  cause  the  union  of  a  broken  bone,  bot  can  only  put  it  in 
the  most  favonible  condition  for  nalurr  to  perform  this  unioii^/.r.,  set  it — so  the  phy- 
sician cannot  cure  heart  disease.  He  may  either  remove  the  condition  which  causes 
it,  if  still  present,  or  remove  by  digitalis,  etc.,  the  factors  which  retard  the  cure;  but  il 
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riay  caM  he  must  rely  upon  Doturc  lo  perfomi  the  lut,  the  really  imponaat  act:  viz,, 
(be  permanent  return  to  nomiAl. 

Thai  nature  not  only  puts  the  final  touch  upon  every  reparative  process,  but  that 
the  may  take  every  alep  tm  well— i.*,,  that  a  palienl  may  gtt  well  witliuul  any  medical 
iaterfercoce — is  too  well  known  to  require  further  discussion.  The  way%  in  which  these 
|iroce»es  of  repair  take  place  constilutc  ooe  of  the  dL-partmcnts  of  patbuloRy  and 
■etfidDe. 

The  Field  of  Therapeutics.— In  the  ltf;ht  of  the  above,  it  might  vrcU  be  asked:  If 
Mtnre  i&  thus  able  to  cITect  cures;  if  the  greater  number  nf  dUcaiUs  tend  to  spontaneous 
lecovery.  what  is  the  function  of  the  physician?  Can  he  do  anything  but  harm  if  he 
sltempls  tn  meddle  with  the  processes  of  nature?  If  he  undertakes  to  aid.  doe*  he 
■ot  raiUy  meddle?  We  must,  in  examining  this  question,  lay  the  emphasis  in  the 
ibovc  sentence  on  "nature  rntt/j  to  effect  a  spontaneous  cure."  But  nature  is  essentially 
bBod  in  her  workings.  Sho  works  by  general  laws,  which  often  do  not  take  account  of 
bkfividua)  cases.  Tlbou^h  we  must  recognize  that  her  processes  are  generally  in  the 
■iglit  dirrction,  they  may  be  greatly  at  fault  quantitatively-  Nature  may  do  too  much 
m  too  little.  It  is  now  conreded  that  fever,  pain,  irflanmation.  etc.,  are  protetlive 
iKcfaamsms:  but  when  the  fever  becomes  bo  hif;h  as  to  be  in  itself  dangerous  to  life;  when 
the  pain  is  intolerable  and  constant,  and  persist?  nftrr  it  h  no  lunger  needed;  when 
iilbmmation  spreads;  then  it  is  evident  that  the  originally  salutar\-  process  U  becoming 
the  revere*.  That  the  processes  of  nalun-  are  often  insultitionl  ia  evident  from  tlie  fact 
thai  they  dn  not  in  all  cases  effect  a  cure.     Nature  may  sometimes  be  absolutely  wrong; 

(li{,,  tn  the  desire  for  solid  food  In  typhoid. 
It  b.,  then,  the  duly  of  the  physician  judiciously  to  modify  the  natural  tendency, 
BbepoiKsacs  the  means  of  doing  so.  But  he  mu&t  do  so  wisely,  or  it  were  better  not 
H  iIL  He  mutt  understand  the  diM^ased  condition;  he  must  undenttand  nature'.*-  way 
if  taetttng  the  difhculty:  he  must  judpc  in  what  wa>-8  nature  may  be  supported;  and, 
tHlly,  hr  must  thuruugldy  understand  the  means  at  Ins  command  for  tnc  purpose — 
■i.,  pjuxmacology.  As  long  as  he  is  not  clear  in  regard  to  these  factors,  he  is  merely 
pofnag  in  the  dark,  as  likely  at  least  to  do  harm  as  good.  In  this  case  expectant  treat- 
Best^  alone  justifiable.' 

We  see  how  from  the  above  we  can  deduce  a  number  of  methods 
nf  treatment. 

Preventive  or  Prophylactic  Treatment. — This  aims  lo  protect  tije  body 
from  disease.     It  comprises  individual  and  community  hygiene. 

Etiologtc,  Causal  or  Curative  Treatment. — The  cure  of  disease  is 
idrccly  possible  while  the  original  cause  persi.sTs.  The  physician  must 
Ihcrrfore  always  aim  to  discover  and  remove  that  cause.  U  this  c^n  be 
•koe,  the  contlitions  will  generally  return  to  the  healthy  normal  unless 
uatomic  lesions  have  already  occurred.  The  chances  for  complete  rccov- 
ny  are  therefore  the  belter,  the  earlier  efTeclive  treatment  is  instituted. 
However,  even  consideralile  anatomic  deficiencies  can  be  compensated 
by  the  fact  tliat  the  organism  has  targe  "factors  of  safety"  (Meltzer). 

Symptomatic,  Functional  or  ADeviative  Treatment. — When  the  cause 
(if  the  f|i^a--.L'il  Londition  can  not  bi- attacked,  it  is  often  possible  to  remove 
ittlunctional  manifestation  or  symptoms.  ^This  may  be  useful  in  some 
ttso,  objectionable  in  others. 

Unriking  the  symptoms  one  very  often  also  strikes  the  disease.  The  symptoms 
atkmtselves.  may  be  «o  objectionable  or  lead  to  5uch  secondary  results  as  lo  tnakc  their 
•■("••I  desirable.  I*ain,  cou^fh.  and  icvcr  arc  all  purclj'  symptoms,  and  yet  no  one 
•Jlldiefuwr  to  treat  ifacm  simply  becau*e  unable  to  remnvr  the  root  of  the  disorder, 
m  ilfmngcment  of  function  may  lie  immediately  threatening  to  life, /.i.,  cardiac 
■UWo;  or  it  may  ad«I  to  the  lax  on  the  disca-'wd  organs,  f.i.,  the  edemas  of  valvular 
^■■ve.  The  faulty  functionation  may  also  be  relieved  by  Incrcaaing  other  compeiual- 
t^hmctions. /.f,.  diaphoresis  in  renal  disease. 

Oa  the  other  hamt.  the  symptoms  may  be  very  deceptive — a  chill  «ill  not  require 
•"^■ll  hcit;  a  referred  pain  will  not  be  relieved  by  local  application  of  i<Hlin  tnthe 
t**  where  it  U  fell.  In  removing  the  symptoms  the  physician  also  deprives  himself 
■  tkr  only  Index  to  the  treatment  of  the  underlying  disorder.     He  must  constantly 

^  'la  Um  eotioectiofi  we  S.  J,  Meltser'i  aa»T  oa  the  Thvrspeulirs  of  Srlf-R«puf ;  Atn.  J.  Mad. 
*^Wt.  1*0*. 


I 


74 


MANXTAL  OF  PHAMtACOtOGV 


be  on  his  guard  against  believing  himself  successful  when  he  has  succeeded  in  remo\'ing 
one  or  several  of  llic  sympluma  of  ihe  diseft:»e.  In  many  cas<s  the  iymptam  may  ilself 
be  salutary;  in  which  case  il  would  not  do  to  remove  it  C^-^m  cough  when  there  is  hyper- 
secretion of  mucus;  a  ccrtaia  amount  of  pain  when  rest  is  indicated  in  fracture). 

It  need  scarcely  be  added  that  it  is  not  ethical  to  persuade  a  patient  that  he  is 
cured  when  be  is  in  fact  only  being  relieved  of  the  symptoms. 

Restorative  or  Roborant  fStrengthening  or  Tonic)  Treatment. 
Disease  generally  impairs  the  vitality  and  resistance  of  the  organs  dlrcclly 
involve<i,  and  of  the  body  at  large.  This  is  corrected  by  rest  and  efficient 
nutrition  of  the  diseased  organs  and  of  the  entire  patient;  and  by  correcting 
any  other  abnormal  concUlions  {digestive  disturbances,  suppurations, 
etc.]  which  may  be  present,  and  which  arc  added  drains  on  the  vitaJity 
of  the  patient. 

Expectant  Treatment.— This  is  the  absence  of  any  real  attempt 
at  treatment  beyond  hygiene,  rest,  diet,  and  other  similar  general 
measures;  with  the  object  of  leaving  the  powers  of  nature  free  play.  This 
should  be  employed  in  all  cases  where  no  better  IreaUuenl  is  known; 
but,  as  has  been  said,  it  is  usually  within  the  province  and  power  of  the 
physician  to  support  nature  in  her  endeavor. 

The  expectant  treatment  must  also  be  used  when  it  is  desired  to  let 
the  disease  progress  lo  a  certain  point,  if  this  is  necessary  for  diagnosis. 

Empiric  and  Rational  Therapeutics. — The  treatment  of  disease  has 
developed  by  two  different  methods,  or  perhaps  more  accurately,  attitudes 
of  mind.  The  Empiric  method  follows  merely  the  dictates  of  experience, 
without  concerning  itself  about  the  reasons  of  these. 

It  is  typiticri  by  the  patent  medicine  slogan ;  "  it  ha*  cured  others  and  will  cure  you." 
While  in  the  present  state  of  our  science  it  is  sliil  nt-ccssarj'  to  employ  it  only  tew 
ofti-n,  it  requires  scarcely  a  thought  to  sec  how  often  il  may  he  not  only  useless,  but  even 
iajuriou^.  Conditions  which  resemble  each  otiter  very  closely  suprrficiaDy  may  really 
be  diametrically  opposite,  and  may  require  very  dilltreul  irealmcut.  The  olijection 
to  thL'  rmpiric  method  is  not  that  it  rests  upiin  espcriencc,  which  is  the  basis  of  all 
science,  but  that  it  docs  not  endeavor  sulficicnily  lo  distinguish  whether  the  experience 
Vi  real  or  deceptive.  Il  is.  of  course,  an  equally  grave  error  Xa  go  to  the  opposite  ex- 
treme, and  to  bn»c  treatment  on  theories  and  dciluctions  inadequately  supported  by 
obs*Tvalinn. 

Rational  or  scientific  therapeutics  should  employ  observation,  experi- 
ment and  scicntltic  reasoning,  checking  each  against  the  others. 

A  real  science  of  tliernjieiitii-s,  by  which  it  would  be  possible  lo  lorelcll  the  exact 
results  is  still  largely  a  vision.  The  numerous  ph>'siolagic  and  pathologic  variables 
render  prediction^!  uncerlain.  The  pt-ntona!  fai  tor  nUys  a  large  rflle;  and  the  due 
appreciation  of  this — "Ihe  art  of  therapeutics" — is  therefore  very  important.  How- 
ever, the  best  results  can  only  be  secured  by  the  critical  application  of  all  the  known 
scientific  facts. 

Pharmacal  and  Non-phaimacal  Therapeutics.^ — A  di.<itinction  is  some- 
times made  between  "drugs"  and  "physiological  agenti*";  including  under 
the  latter  physical  measures,  such  as  heal  or  cold,  bathing  or  climate, 
rest,  exercise  and  massage,  diet,  etc.  The  distinction  is  convenient, 
but  not  fundamental.  The  use  of  drugs  is  no  more  "unphysiological" 
than  the  use  of  abnormal  heat  or  cold,  or  of  special  diets,  etc.  The  me- 
chanism^  of  their  action  are  not  essentially  dissimilar.  Each  is  in- 
tended to  produce  defmite  changes  of  functions.  One  or  the  other 
may  be  better  adapted  to  secure  this  end;  and  the  phji^ician  should  not 
he.sitate  to  employ  whichever  is  best  suited. 

Physiologic  Proceues  NomuUy  Controlled  by  Pharmacologic  Agents. — The  body 
Dornully  producer  a  variety  of  pharmacologically  active  substances,  as  direct  or  by- 
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products  of  its  metabolism,  and  uses  them  as  aids  in  regulating  its  own  activity.  The 
COi  control  of  the  respiration  and  the  various  other  hormones  and  intenial  secretions 
ire  familiar  examples  in  mammalian  physiology  (Starling,  1908).  The  use  of  drugs  is 
therefore  not  an  unphysiologic  proceeding. 

THE  CHEMICAL  AND  PHYSICAL  BASIS  OF  PHARHACOtOGT 

Scc^e  of  Pharmacology. — ^The  term  Pharmacology  in  a  general  sense 
covers  all  scientific  knowledge  pertaining  to  drugs,  i.e.,  to  substances 
which  may  be  used  in  the  treatment  of  disease.  Materia  Medica,  Phar- 
macognosy, and  Pharmacographia  have  the  same  meaning  when  they  are 
used  in  a  general  sense. 

More  commonly,  however,  the  term  "pharmacology"  is  used  in  a  more 
restricted  sense,  as  a  synonym  for  pharmacodynamics.  It  concerns  itself 
with  the  actions  of  drugs  on  living  structures;  or  with  the  reactions  occur- 
ring between  drugs  and  living  structures.  It  is  therefore  in  a  sense  a 
branch  of  physiology  on  the  one  hand,  of  chemistry  on  the  other;  and  is 
thus  essentially  a  division  of  biology.  It  has  important  practical  relations; 
on  the  one  hand,  with  toxicology  (the  scienceof  poisons);  on  the  other  hand, 
with  therapeutics  (the  treatment  of  disease). 

The  Nature  <rf  Pharmacologic  Action. — The  processes  of  life  are  essen- 
tially conditioned  on  chemical  and  physical  changes  In  the  constituents 
rf  the  cells.  Foreign  chemic  substances  may  enter  into  these  reactions, 
wd  thus  modify  them  more  or  less  profoundly,  with  corresponding  changes 
(rf  function.  These  are  termed  drugs  or  poisons,  according  to  whether 
they  are  useful  or  harmful  in  a  given  case.  Some  of  the  reactions  are 
comparatively  simple,  analogous  to  those  produced  on  isolated  proteins. 
Others,  however,  occur  only  in  living  substance.  Our  limited  knowledge 
<A  the  chemical  details  of  the  living  cell  does  not  permit  any  deep  insight 
into  the  nature  of  the  action  of  these  substances,  except  in  a  few  directions. 
They  suffice  to  show  that  the  mechanism  of  the  action  of  different  drugs 
is  not  uniform,  but  is  sometimes  along  chemical,  and  sometimes  along 
physical  lines.     No  sharp  division  can  be  drawn. 

Physko-chemical  Conditions  of  Life. — The  living  cell  may  be  considered  as  a  verv 
conidex  laboratory,  where  chemic  decompositions  and  syntheses,  reductions  and  oxi- 
daiioas,  etc.,  are  constantly  going  on.  These  chemic  changes  lead  to  transformations 
of  energy  which  find  their  final  expression  in  the  phenomena  of  life.  The  vital  mani- 
feutioDs  of  the  cell  are,  therefore,  inseparably  connected  with  physico-chemic  trans- 
Jormaiions,  which  require  for  their  occurrence  the  existence  of  certain  chemic  and  phys- 
|c*l  conditions.  The  chemic  essentials  are:  the  presence  of  substances  capable  of 
nbtnting  energy,  and  the  conditions  suitable  for  their  reactions,  such  as  a  proper  tem- 
pCTature,  alkalinity,  presence  of  ferments,  etc.  The  physical  conditions  of  life  arc; 
A  viscid  medium,  containing  colloid  proteins,  salts,  fats,  and  water. 

Ordinary  Ckemk  Reactions. — In  the  simplest  cases  the  actions  occur  on  dead  tissues, 
*^  resemble  those  produced  on  substances  of  known  composition;  this  is  the  case  with 
''^wigackfi,  alkalies, mrtuh,  tic. 

Ohxcure  Ck^mic  Reactions. — In  many  casi's,  particularly  with  alkaloids,  glucosids  and 
'pons,  the  action  is  confined  to  the  livinp  cells;  for  most  of  these,  no  adequate  explana- 
'wo  can  1m;  offered.  It  is  very  probable  that  many  of  these  produce  chemic  changes  in 
™  protoplasm;  but  the  c\-idcnce  is  suggestive  rather  than  conclusive. 
.  From  the  complicated  structure  of  the  protein  molecules  we  conclude  that  it  must 
J*  capable  of  a  ver>-  great  number  of  reactions,  a  conclusion  which  is  confirmed  by  the 
'^  number  of  substances  which  are  utilized  by  the  cell.  We  lind  an  expression  of 
Jj^  chemic  changes  in  the  final  excretory  products  of  the  cell ;  but  wc  are  very  ignorant 
« the  reactions  by  which  these  final  changes  are  produced.  When  we  find,  therefore, 
"■*'  »  chemic  substance  possesses  actions  for  which  there  is  no  adequate  physical 
**pUnation,  we  presume  that  it  enters  into  chemic  reactions  with  the  protoplasm. 
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This  has  been  emandrd  especiiilly  in  Llie  jitie-chtiin  theory  oi  Khrltch.  Tliisaswimcs  that 
the  poi&ons  combine  with  certain  groups  (receptors)  of  the  cell  which  are  eascntial  for 
its  mctahulism. 

^i-id(rtM:«fl/C/M;w»c/liawHj.--Thc  theory  of  chctnicconibiriaiion  Is  confirmed  by  the 
(act  that  most  of  the  pobons  (not  all)  arc  altered  is  the  body;  although  it  docs  not 
follow  that  the  actian  !s  due  to  this  particular  change.  The  toxicity  is  often  parallel 
to  the  chemical  reactivity  or  lability  of  the  poison.  Other  indications  of  chcraic  reac- 
tion are,  thai  liiesc  poisons  often  accumulaic  in  the  cells;  and  (but  the  effectb  Kt-ncr^Ily 
incresM  with  the  dow.  This  would  he  cxprcted  with  chemic  reactions,  hut  could  also 
occur  on  physical  grounds.  In  any  ca»c,  the  combination  is  often  very  Ioom  and  un- 
.<itahle,  for  the  poison  can  otten  be  removed  by  simple  solvents  (ft.,  antipyretics  and 
fuchsin  stain  by  alcohoE,  P.  Ehrlich).  Indeed,  the  organism  recovers  promptly  from 
most  poisons  when  these  arc  washed  out,  unless  secondary  chanpts  nave  occurred. 
In  some  cases,  the  action  M-ems  to  Ik- produced  only  whilst  the  poison  is  passitis  into 
or  out  of  the  cell  (Straub;  Kuycr  and  WiJAcnbcck,  1013).  The  action  is  then  probably 
00  the  plasma  membrane.  The  relation  between  the  action  and  chenuc  constitution 
of  poisons  .-iLso  spejiks  for  chemic  reactions,  but  m.iy  in  some  cases  be  eiplaincd  by  cor- 
responding  alterations  of  the  physical  properties.  Compounds  between  alkaloids 
and  proteins  have  been  dcscrilMil;  but  it  is  not  certain  wliether  th«e  arc  real  combina- 
tions, or  merely  adsorption  pwducts  (Kddy  and  Gics,  1907). 

Modifkat'wns  uj Ferments. — Catalytic  reactions,  which  are  so  important  to  the  cell, 
may  be  modihed  by  chemic  reagents,  without  as  wcU  as  within  the  cell.  This  explains 
the  asphysiant  action  of  cyanids. 

Changea  in  the  C'U  Memhranf. — Since  most  cells  are  in  contact  with  surrounding 
fluids  ihcy  must  be  protected  against  changes  of  composition  by  a  limited  permeability 
of  their  surface  layer,  the  cell  wall  dt  plawna  membrane.  Tni^  apparently  conlains 
lipoid  and  protein  constituents.  It  may,  therefore,  be  altered  by  lat-solveat^.  or  by 
agent*,  wliicri  eitlier  prntpitate  or  liquefy  nniteins.  This  explains,  at  least  partly,  the 
ejects  of  lipdydc  tkircoiics;  hemolysis  by  tnese,  by  alkatics  and  sapimitu;  the  actions  of 
various  im$s,  especially  Ca.  etc. 

Osmotic  Chattfjfs.—CKWs  are  generally  much  more  permeable  to  water  than  to 
dissolved  substances.  This  leads  to  osmotic  phenomena — the  withdrawal  or  absorption 
of  water— when  the  cells  cotne  into  contact  with  solutions  of  higher  or  lower  salt  con- 
centration. This  explains  the  actions  of  many  otherwise  nearly  Indifferent  salts,  «.j., 
salsnc  zalhcrsis  and  diuresis. 

Surfurt  I'arcts. — The  nh>'sical  structure  of  protoplasm  is  such  as  to  present  large 
surfaces,  and  therefore  Fpves  peculiar  opportunity  for  the  development  of  the  surface 
forces,  which  arc  ver^'  important  for  various  \-it3t  functions.  These  art  greatly  miMli- 
fied  by  a  variety  of  substances,  includinji  the  lipoid  sohenls,  tails,  etc. 

Calioid  Pbmflmetta. — ^Many  chemical  tiikI  physical  conditions  deiiend  on  the  colloid 
character  of  protoplasm.  The  state  of  aiiu; reflation  of  colloids,  and  hence  their  reactions, 
arc  easily  modiritd.  especially  by  salts,  acting  both  by  their  chemic  projierties  and  elec- 
tric charges.     This  is  another  important  Hcmcnt  in  sall-aclion. 

Dependence  of  the  Pharmacologic  Action  on  the  Chemic  Constitution. 

— As  a  genera!  rule,  drugs  having  a  similar  constitution,  possess  similar 
actions;  and  dctinile  chaiif^es  in  the  molecule — as  in  homologous  series, 
or  the  introduction  of  new  groups — often  produce  definite  modifications 
in  the  pharmacologic  effects.  This  should  be  expected,  since  the  physical 
as  well  as  chemical  properties  change  with  the  constitution.  This  relation 
has  a  wide  general  application;  but  its  application  to  details  has  been  dis- 
appointing, because  we  have  not  sufficient  knowledge  of  the  chemic  con- 
stitution and  reactions  to  lake  account  of  the  uumerous  variables. 

It  must  he  remembered,  lor  instance,  that  the  action  is  not  so  much  determined  by 
the  elementary  composition  of  the  substance,  but  rather  by  the  manner  in  which  the 
elemenls  are  combined.  Isomeric  compounds  have  often  very  difTerent  actions. 
Apparent  exceptions  result  also  from  the  dificrent  penetrability  of  cells  to  substances 
which,  could  they  be  introduced  into  the  cell,  would  cause  similar  effects.  Other  mani- 
festations of  selective  action  also  come  into  play. 

Attempts  to  construct  a  general  theory  of  pharmacologic  action  on  chemical  lines 
have  merely  shown  that  this  is  impossible.  The  data  which  we  possess  had  therefore 
to  be  gathered  empirically  without  much  guidance. 


CHEMICAL   AND    PHYSICAL  BASIS    Df   PHAEtUACOLOGY 


77 


I 


The  Importance  of  the  Chemic  Radicals  or  "Side-chains." — A  sub- 
ID  produce  chemical  pharraacologir  actions,  must  be  capable  of 
g  with  protoplasm  and  then  of  altering  its  properties.  These 
two  functions — combination  and  action  (analogous  to  amboceptor  and 
complement,  P.  EhrMch) — may  be  united  in  the  same  group;  but  more 
commonly  they  are  distinct  ("haptophore'"  and  '"toxiphore"  groups),  so 
that  one  may  be  modified  without  the  other.  Often  several  groups  are 
present  which  may  enter  different  combinations  under  different  condi- 
tions. It  is  evident  that  these  may  introduce  great  variations  in  the 
tions. 


I 


Monihin,  f.i..  phkIucl-s  its  tiypnutic  action  by  "anchoring"  or  combining'  with  its 
pteayl-oydroxyl.  When  this  group  in  closed,  f.i.,  hy  the  methyl  rA<lical,  as  m  crwlem, 
tt  uichon  in  a  diflcrcnt  way,  to  diflcnTl  ctrlls;  and  the  convubant  action  becomes  more 
produnrnt.  The  intitKliictton  of  nrid  radicaU  into  the  amidit-gmuii  renders  (bb  more 
AaiAr  and  Uw  toxic;  hut  thv  same  arid  radicals  when  intrnducefl  in  the  OH  RTOup 
Ifi.  as  in  hcrotnl  increaKs  the  toxicity,  bv  pro\-idinK  a  new  combining  croup.  In 
tncse  CMes.  the  new  groups  act  only  by  nttenng:  the  combining  properties  oithe  active 
iroup.    Id  other  cases,  tne  new  group  may  itself  be  active. 

The  Constniction  of  Sjrnthetic  Compounds. — The  recognition  of  these 

liws  of  the  modincations  [)roduced  by  the  rlitierent  radicals  is  of  practical 

inportance.    It  permits  the  prediction,  with  considerable  probability, 

of  the  effects  of  new  drugs;  and   it  points  the  way  to  modifications 

which  will  emphasize  desirable  quantities  and  eliminate  those  which  are 

uodcsirablc.    This  has  lead  to  the  introduction   and   improvement   of 

many  new  remedies.     Really  new  pro(M:rties  can  not,  of  course,  be  prc<licled 

b>- known  properties.    Their  discovcr\'  is  generally  accidental.     Accord- 

inpjy,  synthetic  chemistry  has  inlniduced  relatively  few  new  principles, 

*>ut  endless  modifications;  some  useful  in   the  ways  indicated;  many 

oihere  needless  and  detrimental.     It  is  vcr>'  easy  to  introduce  minor 

changes  in  composition  which  do  not  alter  the  actions  of  the  original 

ilnig  materially,  but  which  are  commercially  profitable  by  evading  the 

pateot  and  trade  mark  laws.    This  needless  multiplicatiou  is  confusing  and, 

llwcfurt',  unde^irablf. 

Distribution  of  Drugs  Within  the  Body. — Drugs  are  not  distributed 
unifnrmly,  but  accumulate  especially  in  certain  cells,  according  to  their 
[»Tineability  and  physical  and  chemical  atTinilles.  This  influences  their 
•clJon;  either  by  bringing  them  in  contact  with  reactive  tissues,  or  by 
firing  ihem  in  places  where  they  may  be  inactive.  The  di«itribution 
•asbern  studied  in  relatively  few  cases,  especially  for  inorganic  poisons; 
hui  the  data  are  not  sufficient  to  permit  generalizations.  The  distribution 
■Ppcftrs  to  be  altered  bv  disease;  e.g.,  degenerating  tissue  takes  up  more 
•Wid,  etc 

Ston^  Plaou. — The  pmson!)  difsappear  quite  rapidly  from  the  blood,  the  grcatrr 
tw  vithin  s  few  minutes.  The  chlonos.  bmmids,  and  related  ions  accumulate  in  all 
•^B*,  bul  mainly  in  Ihe  ^kin  and  btnod.  The  thyroid  «lon-*  a  rrlalivcly  higli  pcr- 
j™i«Cf  of  k>din  Ba  iodotbyrin.  The  bones  retain  the  earthy  mctaU  and  fluorid.  The 
**vrnielkl>  are  dcposileff  as  loose  nrK.-inic  ci)m[Kiunds.  c$prciallyin  the  liver  and  spleen; 
*Bciiry  u  a  loou  ftlohultn  compound;  arsenic  as  a  more  stable  nuclein  combination 
U«»May,  igoji.  The  iron  dcptisits  serve  as  n  reser\c  slock  of  this  metal.  Little  is 
**>>«B  aotnil  Ihe  di»lribution  of  organic  poaions,  mainly  for  vrant  of  suitable  assay 

Chemic  Changes  in  Dmgs.— The  majority  of  poisons  are  more  or 
It*  allrrcd  in  the  IkmIv.  and  generally  rendered  less  harmful.  This 
ixffcctcd  by  the  oxidation,  reduction,  hydration  or  dehydration,  or  oilier 


decomposition  of  the  poison,  or  by  the  storage  of  the  poison  in  certain 
organs,  or  by  its  combination  with  other  substances  which  render  it  harm- _ 
less.  This  process  of  disintoxication  is  of  great  practical  importance.! 
It  makes  it  necessary  to  administer  the  drugs  continuously,  in  order  to 
maintain  their  effect;  it  often  requires  the  use  of  continuously  increasing 
doses  as  the  power  of  disintoxication  becomes  more  developed;  and  were 
it  not  for  the  power  of  the  body  to  destroy  or  remove  poisons,  and  thereby 
to  recover  from  their  action,  all  therapeutic  use  of  drugs  would 
impossible. 
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Decomposition  b;  Digestion. — The  digestive  juices  destroy  many  organic  pois 

by  hydrolytic  cleavage;  espixially  tlic  prutcins,  tones  and  antitoxinis  and  lac  rIj-^ 
coflids.  On  the  other  liand,  tlwry  are  neLCSsary  lo  saponify  and  liberate  the  active  con- 
stitui-iits  of  insoluble  esters,  e.ji.,  phenyl  salicylate.  The  acidity  of  ihe  gastric  juice 
Is  importiint  fur  tht;  ^ulution  of  bas4.-s.     It  alM)  often  splits  o9  acyl  groups. 

Decomposidoa  in  Tissues. — Strychnin  and  many  uthcr  poisons  are  partly  oxidiawlj 
in  the  body,  .^nd  the  toxic  cRccc  is,  therefore,  reduced  if  the  poisoned  animal  is  placed  ii 
an  atmosphere  of  oxygen.  Morphin  is  largely  destroyed,  especially  by  thox  accustomt 
to  its  use.  Reid  Hunt  (1Q05)  has  ^hown  that  feedini?  with  thyraii  markedly  diminish* 
the  toxicity  of  acetonilril.  by  prcvcntinR  its  conversion  into  cyanid.  The  rtsif-tance  _^ 
moqihin  vs  also  modified.  It  has  been  claimed  that  excision  of  the  thyroids  inirca<e« 
the  toxicity  of  a  number  of  other  poisons;  but  Lerda  and  Dicz,  1005,  obtained  negative 
results  with  cafTein.  strychnin,  unnc,  and  telanus  and  diphtheria  toxin.  Organic  coni-j 
pounds  of  metals  (racorfyl,  etc.)  only  develop  Ihe  metal  action  after  oxidation.  Mani 
organic  adds  {citric,  etc.).  alcohol  and  formaldt-hyd,  arc  oxidised,  and  thus  dtsintox 
cated.  Hexjimethylenatnin  is  activateil  by  the  liberalion  of  ((irmaldchyd  in  acid  urin< 
The  benzol  ring  is  very  resistant,  most  of  the  ch&nges  occurring  in  the  ■•ide-chaini>. 

Diiintoxirmlion  by  lite  Livfr. — This  is  believed  to  be  esi»eci.i!ly  active  in  disintoxi- 
cation, partly  by  destroying,  but  particularly  by  storing  poisons,  so  that  the  same  dose 
is  much  less  effective  (perhaps  one-half)  when  given  by  the  mesenteric,  than  by  the 
jugular  vein.  This  has  been  demonstrated  for  curare,  strychnin,  morphia,  cocain, 
vcratrin.  quinin,  ntropin,  and  the  metals.  Perfusion  of  alkaloids,  glucosids,  toxins. 
barium,  etc.,  through  excised  tjver,  also  decreases  their  toxicity  C\Voron«ow,  igu). 
Liver  emulsions  ^eem  to  ht:  less  active.  They  did  not  destroy  strychnin,  but  attacked- 
caffein  (I'etrun,  tgo;).  Experiments  with  Eck's  dstula  gave  rather  negutivx  resultn 
(Rothberger  and  Wlnterberg,  1005).  ^ 

Oiker  Orga«5. — Perfusion  throufih  excised  mr'fcJc  also  pro'.'uced  disintoxication,  hot 
weaker  than  the  liver,  with  chloral,  atropin,  physostigmin,  curare  and  alcohol,  not  aith 
muscarin  and  hcin  (Woronzow,  1912).  Excision  of  the  s^ten  is  said  to  increase  the 
toxicity  of  most  alkaloids,  hut  not  all.  The  phagocytes  accumulate  and  thus  dtsin- 
toxicutc  poisons,  especially  colloids.  The  scrum  of  at ro^n- resistant  animals  destroysj 
atrmiin.  ■ 

Disintoxication  by  Combination. — rhcnols  and  other  aromatic  compounds  are  reo-l 
dered  less  toxic  by  combining  with  sulphates;  many  metals  by  the  proteins;  toxins  by 
antitoxins;  acids  by  alkalies;  aldehydes,  camphor,  chloral  and  ethereal  oils  by  glycu- 
ronic  acid;  cyanids  by  sulphur;  Iwiuoic  and  salicylic  acid  by  glycocoll;  etc*  The  extent 
of  the  disintoxication  will  depentl  upon  the  activity  of  the  meiabolic  processes  nhich  are 
concerned,  or  on  the  amount  of  neutralizing  substance  present  in  the  body. 

Quantitative  Relation  of  Concentration  and  Action. — The  ratio  is  generally  not 
simple  proportion.  There  is  usually  a  "minimal  threshold,"  all  concentrations  bcic 
tliis  being  apparently  ini-Sective.  At  the  other  extreme,  once  the  "maximal  response' 
has  been  reached,  further  increase  of  concentration  can  produce  no  further  effect.  Be 
twctn  these  points,  every  increase  of  concentTAtion  increases  the  action;  the  increment 
being  the  greater  the  lower  the  original  concentration.  For  instance,  when  the  con- 
centration of  ouabain  was  doubled  fn>m  o.ooi  35  to  0.0035,  the  action  was  increased  4.A 
timn;  when  the  concentration  was  doubled  from  0.005  to  0.01,  the  action  increased  oiily 
t.i8  limes  (Sollmann.  Mendenhall  and  Stingel,  igi^;  the  paper  also  discusses  the  1 
for  the  pbeoomenon). 


Modifications  of  Functioiis. — Since  protoplasm  is  essentially  identical 
in  all  cells,  the  action  of  pharmacologic  agents  must  also  be  essentially 
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e  in  aJl  siiuations;  but  just  as  quantitative  differences  exist  in  the  cell, 
does  the  pharmacologic  action  show  quantitative  difiTerenccs  and  selec- 
livr  proi>crlics.  Ol  these  we  shall  have  more  to  say  presently.  As  a 
general  rule,  the  most  conspicuous  chanpes  occur  in  the  most  conspicuous 
function  of  the  cell  —partly  because  these  are  the  most  readily  appreciated, 
hut  partly  al^w  because  specialized  functions  are  the  most  complex  and 
^^cncc  the  most  sensitive. 

^H  Pharmacologic  agents  can  in  no  case  create  new  functions  in  a  cell  or 
^^psue;  ihcy  can  only  modify  existing  functions,  or  at  most  make  evident 
^Knctions  which  have  previously  been  latent.  The  functions  of  a  cell  may 
^^e  increased  or  diminished,  resulting  in  stimulation  or  depression.  Since 
there  are  also  structures  the  stimulation  of  which  would  lead  to  an  inhibi- 
a  of  other  structures,  an  actual  increase  of  function  is  sometimes  dis- 
ished  a*  an  txctiatiott.  A  verj-  violent  stimulation  pas-ics  usually 
njury;  such  injurious  stimulation  is  called  irriiation.  Moderate,  but 
olonged,  stimulation  also  passes  into  depression,  either  by  the  disap- 
ncc  of  food  substances  {exhaustion),  or  by  actual  injury  to  the  struc- 
trnv  {jaiigtu).  If  the  depression  is  so  great  that  the  given  function  has 
ilisappearcd,  the  condition  is  called  paralysis;  if  all  the  functions  are 
abolished,  there  is  dvath. 

"Hie  greater  number  of  pharmacologic  agents  produce  at  first  a  stimu- 
htian,  which  is  followed  in  larger  doses  by  a  depression.  In  this  respect 
Indifferences  between  the  difli:rcni  poisons  are  again  mainly  quantitative. 
The  so-calletl  "stimulants"  pro<Iuce  a  very  strong  and  prolonged 
ttifflulation,  the  depression  being  produced  only  by  relatively  large  doses. 
The '•depressants,"  on  the  other  hand,  cause  only  a  slight  stimulation, 
■ydi  passes  readily  into  depression.  Indeed,  with  some  depressants,  no 
stitnolation  whatever  exists.  It  is  very  rare  that  a  depression  precedes 
i  stimulation;  when  this  occurs,  the  action  is  presumably  on  different 
trectures. 

Selective  Action. — The  actions  of  drugs  are  generally  much  greater  on 
«me  li?*sues  than  on  others;  i.e.,  they  are  selective.  The  diflcrencc  may 
bcilmost  or  quite  absolute,  so  that  the  drug  acts  specifically  on  one  class  of 
ctfls.  This  '•monouop*'  action  is  especially  important  in  parasiticides, 
lad  is  the  ideal  of  modern  "c/tf mo-therapy,"  the  treatment  of  infections 
Wcbemic  agents.  Antibodies  also  illustrate  a  strictly  monotropic  selec- 
tne  action.  With  most  drugs  the  differences  are  merely  quantitative  or 
'datitr:  a  number  of  structures  being  affected  with  various  degrees  of 
ptdilection,  which  may  sometimes  shift  with  changing  conditions.  The 
Ktions  on  the  central  and  peripheral  nervous  systems  generally  belong 
to  this  relative  tj-pc, 

Ueckauisms  of  Selective  Actiotis. — These  may  consist  in  differences  of 
POvtratioa;  of  the  chemic  affinities  of  the  cell;  or  of  sensitiveness  of  the 
finctions.     The  details  are  known  only  in  a  few  cases. 

Betective  Absorption. — .\  drug  may  act  upon  a  cell  without  actually 
^tnting  into  it;  for  instance,  by  exciting  the  ner\'es  supplying  the  cell, 
"tajafc  directly,  by  withdrawing  water  from  the  protoplasm;  but  as  a 
(Bmxl  rule,  the  poison  must  be  absorbed  into  the  cell  or  cell -membrane, 
Wore  it  can  produce  any  action.  In  order  that  this  absorption  may  take 
^^,  the  drug  must  be  soluble  in  the  cell  contents,  and  particularly  in 
ihe  tell  envelope.  The  solubility  of  a  substance  in  protoplasm  is  not  nec- 
**»rily  the  same  as  in  water.     Indeed,  it  varies  for  each  kind  of  cell. 
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and  consequently  the  penetrabilily  of  dlfTerenl  cells  for  a  given  substance 
may  vary  greatly. 

Whilst  the  ivnal  cells,  for  instance,  are  vcr>'  permeable  for  sulphates,  the  intestinal 
cell*  are  but  slightly  permeable.  It  is  in  virtue  of  this  peculiarity  that  cells  arc  capable 
of  prcscr\*ing  their  ovta  composition.  notnithilanriinK  conRiderahle  changes  in  Ihe  fluids 
in  which  ihey  are  bathed.  This  fact  also  explains  why  a  given  tubstuice  act«  much 
more  stronRly  upon  one  cell  than  upon  another. 

These  differences  are  illustrated  »lrikingly  by  the  dislribuljon  of  dyrs  in  living  and 
dead  tissues:  or  intk'etl.  in  unorganized  maleriaU.  Their  Iwhavior  has  been  extensively 
studied,  but  aa  yet  vnihout  leading  to  secure  general  concluMoni;. 

The  differences  in  absorption  may  be  due  partly  to  the  cell  envelope,  partly  to  the 
cell  contents.  Lipoid  solvents  generally  penetrate  better  than  other  agents,  because 
o(  their  affinity  for  the  lipoid  constituents  of  the  cell  membrane.  Othrr  ajteiil:-  probably 
form  "solid  solutions"  with  some  of  the  cell  constituents:  others  are  attracted  by  chemic 
dilTerences — r.g.,  the  basic  stains  by  the  acid  cliaructer  u(  the  nuclear  chromatin. 
,\b»orplion  and  surface  forces  probably  play  an  important  part. 

The  distribution  is  often  mtKlificd  by  conditions — reaction,  oxygen,  the  presence 
of  a  second  Aubstancc,  etc.  Important  differences  arise  also  in  diseased  conditions, 
e.g.,  ioditis  are  takrn  up  in  higher  concentration  by  degenerating  tissues. 

Effect  of  Concentration.^ — The  amount  of  a  drug  absorbed  into  a  cell 
varies  generally  with  the  concentration  of  the  drug  in  the  surrounding  fluid 
This  concentration  is  greatest  at  the  place  where  the  poison  enters  and 
leaves  the  body,  i.e.,  in  the  alimentary  canal,  liver,  and  kidneys.  Differ- 
ences of  blood  supply  also  come  into  play.  The  influence  of  couceatralion 
is  most  readily  seen  with  locally  acting  drugs. 

Chemic  Differences. — ^The  various  cells  differ  in  their  chemic  proper- 
ties, and  therefore  in  their  reactions.  This  is  seen  most  deJtnitel}-  with 
the  antibodies,  precipitins,  cytolysins,  antitoxins,  etc.,  which  are  supposed 
to  fit  especially  into  certain  cells,  "as  a  key  is  titled  to  a  si>ecial  l<x:k." 
Something  of  the  same  kind  doubtless  applies  at  least  to  some  of  the  ordi- 
nary poisotis,  which  can  unite  only  to  certain  side-chains  or  certain  con- 
stituents; but  little  is  known  of  the  details.  Similar  combining  properties 
may  make  a  poison  innocuous  to  certain  cells,  by  leading  to  its  destruction, 
or  binding  it  into  a  harmless  form.  On  the  other  hand,  the  decomposition 
may  serve  to  liberate  or  form  an  active  substance — /,/.,  formaldehyd  from 
hexamethylenamin  in  acid  urines. 

Functional  Differences. — The  cause  of  selective  action  lies  often  in  the 
cells  themselves,  the  more  delioUe  Jmutions  bring  damaged  mart  readily. 
Hence  a  poison  wliich  acts  indifferently  on  all  tissues  produces  alwrays  the 
most  conspicuous  effect  on  the  central  nervous  system. 

The  »nsor\*  nerve  fibers  are  ualEormly  more  sensitive  than  the  motor  fibcn.  The 
heart  of  the  kmg-crab  limulus  furrushes  a  guod  illiislraiion.  Its  structures  fail  in  the 
same  order  (ganglion,  mtitor  nerve-nletus,  muscle)  in  respect  to  all  kind^  of  injurioun 
agencies,  alkaloids,  anesthetics  ana  other  drugs;  heat  and  cold.  etc.  (Meek,   190S). 

Certain  cells  also  accommodate  them&clvcs  more  readily  to  altered  conditioD&. 


CLASSIFICATION  OF  DRUGS  ACCORDING  TO  SELECTIVE  ACTION 

Poisons  which  alter  all  tissues,  and  which  therefore  produce  effects  at 
the  place  where  Ihcy  are  applied,  arc  termed  " locaUy-acting"  drugs. 
They  may  produce  similar  chemic  changes  in  dead  tissues.  These  usually 
cause  intlammalion  when  applied  to  living  tissues,  and  arc  then  called 
irritaiUs  (including  simple  irritants,  corrosives,  and  astringents).  Others 
lessen  inflammation  mechanically  (emollients  and  demulcents). 

Others  act  chemicaUy  on  all  living  structures,  without  changing  dead 
tissues;  these  are  termed  "protoplasmic  poisons," 
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Poisons  which  act  seleciively  on  a  few  structures  are  called  ^'muscle- 
nene  poisons."  They  may  affect  end-organs  (sensar>'  endings,  gland  cells. 
or  striped,  smooth  or  cardiac  muscle);  or  the  nerve-endings;  or  ganglia;  or 
any  part  of  the  central  nervous  system. 

Kerve  tninks  ore  so  resistant  ihat  they  arc  only  affected  when  the  pnison  U  applied 
totliem  dirrclly.  The  access  of  drugs  to  them  is  rfstrittcd,  in  intact  luiinials.by  llicir 
limited  blood  nipply.  The  nerve  tibcrs  are  also  protected  by  the  slight  permeability 
of  their  sbeatb. 

Phannacologic  Groups. — ^ Various  systems  uf  classifying  nerve-poisons 
have  been  de\iseii.  Xone  is  really  satisfactory,  because  most  drugs  pro- 
duce several  effects  which,  by  their  interaction,  complicate  the  subject  so 
that  no  simple  sy:(iem  will  apply.  With  some  drugs,  however,  one  phar- 
macologic, chcmic  or  physical  feature  predominates  so  greatly  that  they 
can  be  separated  as  fairly  distinct  groups.  However,  this  is  more  or  less 
vbitrary  and  artificial. 

Vtfifttioai  in  Symptoms. — The  selective  action  of  drugs  is  rarely  absolute;  even 
(trychain,  a  highly  5electi\-e  poison,  acts  m  a  general  protopla&mic  poisoa  when  it  is 
dincUy  applied  in  suflicteni  concentration.  However,  some  one  action  often  predomi- 
oatcB  so  greatly  over  the  othen.  that  it  may  be  considered  as  characteriilic  for  the  dru^. 
Even  in  this  case,  the  paiwn  as  a  rule  nets  selectively  on  several  structures.  This 
ucoant^  for  the  tuent  vartabtUty  which  is  often  ixen  in  the  action  of  the  «.ime  dru^ 
aadcr  different  condition».  Thus,  atropin  stimulates  the  vagus  center,  but  paralyzes 
lihr  eivhiig^:  It  may  ihcreforr  call^e  i-illur  li  (iiiiLkening  or  a  Blowing  of  liie  pulse. 
Kfain.  tiifouKh  the  opposed  action  of  small  and  large  doses,  strj-chnin,  e.g.,  may  cause 
rithcr  a  dimutation  or  a  paralysis  nf  the  vasomotor  tenter.  Another  frequent  cause 
of  variable  actions  liefi  in  the  Indirect  actions  of  a  drug.  A  drug  which  causes  con- 
ndaioM  will  thereby  tend  to  stimulate  the  vasomotor  center,  althoiigh  its  direct  action 
« tUf  ccatcr  may  be  depressaat. 

These  variable  actions  and  interactions  make  the  effects  of  many 
poisons  appear  very  complicated,  although  they  prove  quite  simple  on 
imlysb.  This  analysis  is  very  important  for  a  pro[)er  understanding  of 
the  action,  but  it  is  still  more  importaiU  to  remember  the  complex  effc-cts 
which  result,  for  it  is  with  these  that  the  practicing  physician  has  to  deal. 

Oftm  tlu  pkarmiycohgU  action  in  Ikij  sens€  is  nol  iHe  UifraptuUc  adicn.  A  very 
■Bpwtaat  pharmacologic  action  of  morphin,  fur  in<;lance,  is  a  stimulation  of  (he  spinal 
cord;  but  no  one  would  think  of  employing  the  drug  therapeutically  for  this  purpose, 
(tacetlib  actkm  is  entirely  overshadowed  by  ii.s  otlu-r  etTecta. 

For  this  reason  it  would  not  be  a  good  plan  to  classify  the  drugs  strictly  according  to 
iWtr  nhannucologic  scUobs.  On  the  other  hand,  a  thfT<jprutic  cJasyifi</jiion.  allhougfa 
wiif  In  tome  respecu,  is  not  favorable  to  a  study  of  the  underlying  actions  of  tJie 
taw.  and  tends  to  empiricism.  The  best  prmciplc  of  classilkation  yet  dcWsed  is  that 
*■  Vuehheim.'  according  to  which  drugs  are  gmtiped  according  to  their  principal 
P^nucologic  characters,  taking  account  of  all  the  important  actions,  as  well  as  of  the 
**■»£  properties.*  and  in  many  cases  also  of  the  Ihrrajwutic  u*es  of  the  drugs,  This 
■thegtncnl  plan  adopted  in  this  volume. 

Defioitions  of  Phannacolog;ic  Terms.— Some  rather  loosely  used 
^rmacologic  terms  may  be  defined  in  this  place,  in  the  sense  tn 
■hich  they  are  generally  employed  in  this  volume: 

Locai  actions:  produced  at  the  place  where  the  drug  b  applied;  Remote 
«*ww'  occtirring  In  distant  pacts  of  the  body  (may  be  either  systemic 
«  reflex);  Systemic  effects  (sometimes  called  general  action):  produced 

. '•"•fcbeiJB  m»r  tx  cotiiidcred  the  founder  of  mod«rD  pharmacolo^-.  by  the  MiabUihraeni 

Tn?**  pluknBacolopc  latmrBtary.  at  Dorpat  in  isjb. 
.  _  t*niBI  <d  Vvy  diSarenl  cbemic  character  often  Kp^enr  tu  h«re  idefitic^l  acltmu.     Tbu>  th« 
J^^tf  MfTchaia  mvmblM  that  of  tvunat  toxin,  arsenic  tlutt  ot  cholera,  barium  lh«t  of  digilalu. 
***0<M  caMS  Uf  aruon  nar  hm  rapposed  to  b«  reaUy  idealical.  but  in  otber«  the  rvMfntiluioa  ia 
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after  the  absorption  of  Lhc  drug  into  the  circulation;  Directefecls  (sometimes 
called  primary):  produced  by  the  direct  action  of  the  drug  on  the  tissue 
concerned;  Itidirecf  eftcis  (sometimes  called  sccondarj')(  ^^  not  produced 
by  the  action  of  the  drug  on  the  tissue  concerned,  but  by  the  intervention 
of  some  other  structures  on  which  the  drug  acts  {e.g.,  asphjntial  convulsions 
are  an  indirect  effect  of  asphyxiant  poisons);  Rejlex  eftxls  arc  indirect 
actions 'arising  from  local  irritation;  Immediate  efects  {also  sometimes 
called  primary)  are  the  effects  resulting  at  omc;  Laic  effects  arc  thost-  occur- 
ring later;  if  they  are  preceded  by  other  (immediate)  actions,  they  arc 
properly  called  secondary  actions.  Side  actions  are  actions  which  arc  not 
desired  in  the  therapeutic  use  of  the  drug. 

Localization  of  Action. — The  effects  of  drugs  on  patients,  or  in  cases  | 
of  poisoning,  are  by  far  too  complex  to  furnish  any  real  insight  into  Ihci 
actions  which  are  involved.     To  attain  the  object  of  pharmacology — 1 
the  explanation  of  the  action  of  drugs — it  is  indispensable  to  simplify 
the  conditions  as  much  as  possible,  and  to  make  the  functions,  which 
are  to  be  studiefi,  accessible  lo  measurement,  and  if  feasible,  to  graphic 
representation.     Tlie  methods  of  experimental  physiology  are  employed 
for  tliis  purpose. 

The  Study  of  Isolated  Strttcturcs. — To  eliminate  the  compUcations 
which  arise  from  a  simultaneous  action  on  several  structures  or  from 
indirect  actions,  the  tissues  lo  be  studied  are  generally  isolated.  The 
most  certain  method  is  the  actual  anatomic  isolation  of  the  structure. 
Drugs  of  known  antagonistic  actions  may  also  be  utilized,  but  they  are 
more  apt  to  lead  to  erroneous  conclusions. 

Th«  uimtomic  isolulion  may  be  accomplished  by  employing  uiuccUular  organisms 
if  the  action  on  undiiTvrentiatnJ  nrotuptasm  is  lo  be  invi'stigated;  or  by  cxcisinji;  the 
tissue  (as  muscte,  etc.)  from  the  body;  or  by  upplyint;  the  dru);  lo  the  eicpo^ed  ti^ue 
{e.g.,  to  a  symjiathctic  gaiiglioti;;  or  by  svvcring  the  conncclion  with  other  tissun  whicli 
might  Iwr  affected  (as  by  section  of  a  nerve);  or  by  restricting  the  action  of  a  tlnig  lo  a 
given  part,  by  cutting  off  the  circulation.  In  some  cases  it  suffices  to  confine  the  ob- 
servation to  the  structure  to  be  studied. 

One  or  the  other  method  of  isolation  may  be  employed,  according 
to  circumstances;  that  giWng  reliable  results  with  the  least  difficulty  oj 
icchnic  being  naturally  preferred.  Complete  isolation  is  in  many  cases 
supertluous.  If  the  question  is,  for  instance,  whether  an  observed 
stimulation  is  on  a  cenual  or  on  a  peripheral  structure,  it  suffices  to  divide 
the  nerve:  on  an  efierent  chain,  this  will  abolish  the  effects  of  a  central 
stimulation,  whilst  those  of  a  peripheral  stimulation  will  persist.  With 
an  afferent  chain  the  conditions  would  be  reversed.  By  making  sections 
at  various  levels  of  the  chain,  the  location  of  the  action  may  be  accurately 
determined.  When  the  structures  to  be  investigated  are  inaccessible 
to  the  scalpel,  one  may  substitute  drugs  which  are  known  to  paralyze 
these  structures  selectively  (curare  for  the  endings  in  striped  muscle; 
nicotin  for  ganglia;  atropin  for  endings  of  the  vagi  or  s\Tnpathetic,  etc.). 
The  site  of  a  paralysis  is  similarly  located  by  successive  stimulation. 
The  stimulation  is  accomplished  by  electricity  or  by  appropriate  drugs 
(epinephrin  for  sympathetic  endings;  muscarin  for  vagus  endings;  pilo- 
carpin  for  glands;  barium  for  smooth  muscle,  etc.)- 

A  (rw  examples  will  make  this  general  method  clear: 

I.  SlryekntH. — It  U  noted  that  strychnin  produces  a  tetanus.     This  implies  a 
stimulation  somewhere.     The  sciatic  acrvc  is  cut;  it  is  found  that  the  convul^ons 
disappear  in  the  leg  but  persist  in  the  rest  of  the  body.    The  action  must  therefore 
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cmtnJ,  The  cerebrum  uml  medulla  Rre  stKccssivcly  ciciscd;  the  conx'ulaionfi  per«is(, 
and  must,  by  excliision,  be  located  in  the  card.  This  is  contirmed  by  destroying  the 
c<Hi).  which  cause*  the  complete  diBapT>earancc  of  the  tetanus. 

1.  Curare. — This  produce*  a  complete  muscular  pamlyMs.  Stimulation  of  the 
idatic  dkiu  do  response.  The  paralysLs  roust  therefore  be  peripheral.  Direct  fttimu- 
Ulion  o(  the  muscle  is  effective.  Thw  excludes  all  the  possiWe  structures  except  the 
nrrve  trunk  and  endings.  The  nerve  of  another  nrepiinition  is  laid  into  the  curare 
Mtlulion,  and  after  a  time,  is  stimulated;  a  contracuon  results,  so  that  the  ner\-e  trunk 
b  not  paralyzed.     The  action  must  therefore  be  on  the  endinj{s. 

If  a  peripheral  structure  is  stimulated  or  paralj*zed,  it  is  impossible 
to  decide  by  this  method  whether  there  is  nut  also  a  central  action, 
for  the  peripheral  effects  would  obscure  the  central.  A  stimulation 
of  the  cord,  for  instance,  could  cause  no  effect  if  the  drug  had  paralyzed 
the  motor  endings.  Tn  these  instances,  it  is  necessarj'  to  confine  the 
action  of  the  drugs  to  the  centers,  which  requires  a  more  complicated 
tcchnic. 

Tke  Stud7  of  the  Effects  of  Drugs  on  Intact  Normal  Animals. — A  complete  con- 

erpuoQ  of  the  a^-tinn&  of  a  drug  can  be-  obtained  unly  by  ^jupktnt' tiling  the  study  of  its 

cfleets  on  isulalcd  structures,  by  c.trcful  obKL-rviiiiun  uiul  analysis  of  the  symptoms 

wUcb  It  produces  in  intact  mammals.     The  effccu  on  melabohsm.  and  the  bistoloKic 

lonns,  etc.,  can  only  be  studied  in  this  manner.     Indeed,  these  txpcrimf-'nls  are  often 

undcnaken  before  the  more  difBcult  invcsURatinns  on  isolated  structures;  for  they 

furnish  valuable  hints  of  the  direction  whii-h  the  latter  should  take.     When  circum- 

Ma&cc4  permit,  it  is  advisable  to  proceed  from  the  lower  to  the  hifiher  classes  of  animals, 

ind  finally  to  man.     Opportunities  for  ot>servinf;  tlu  e_ffecis  of  drugi  on  mun  arc  frequent 

in  cues  of  poisoniog,  and  should  not  be  nc^knrted;  but  intentiunaL  cxprriments  with 

^tupoD  man  are  to  be  undertaken  otily  with  the  (greatest  caution.  \nth  doses  which  do 

■Bl  eitreed  the  therapeutic  maxima;  and,  a3  u  rule,  only  after  the  effects  have  been 

Ibtttnigfaly  studied  on  animals. 

Hw  Effect  of  Drugs  in  Disease. — The  action  of  drugs  is  not  always  the 
Vat  in  disL-a-se  as  in  health.  The  differences  are,  however,  a.*  a  rule 
quBDtitative  rather  than  (jualitative.  Since  the  druf^s  are  in  practice 
eopluyed  most  extensively  in  disease,  their  action  in  these  conditions  is 
of  the  i^reatesl  importance.  As  a  K^'neral  rule,  it  is  possible  to  explain, 
uiA  even  to  predict,  the  action  of  drugs  in  disease  from  their  action  on 
aoma!  tissues.     However,  the  actual  test  must  always  be  made. 

.Unil  experiments  are  as  yet  of  limited  value  in  this  connection,  and  wc  arc  forced 
t»fdy  mainly  on  obM^rvalvons  on  pniienls.  To  make  these  of  anj'  value  it  is  in  the 
^  place  necessary  that  the  obscrvntion:^  be  made  very  accurately  and  that  all  psychic 
(vtoribe  excluded;  it  is  further  neces»ary  that  the  existing  pathological  conduiun  be 
<WttlIy  known.  These  rcfiuiremrnis  .tjc  unfurluoaiely  not  fultUkd  in  many  cases. 
•Incb  accounts  in  part  for  the  differences  which  arc  occasionally  noted  between  the 
tfinical  and  the  experimental  data.     Tlii-ve  t-xc^ptions  will  be  diiK'U^sed  in  the  text. 

Is  the  auc  of  all  the  older  drv^,  clinical  tests  have  betm  madi:  so  abundantly  that 
jydw  observation&  would  *eem  superfluous.  'Iliis  h  by  no  means  the  case,  .\ccuratc 
wKtmtioos  in  the  Hght  of  our  ailvanrina  knimlfilKi',  and  rmploving  the  improved 
■lludaof  diagnosis  and  obwrvalion.  arc  nlwin-^  necdeil 

II  is  also  h^hly  desirable  that  every  ph>-?sician  should  obtain  his  knowledee  of  the 
^^apeutic  action  of  drugs  nl  fir-.l  hand.  He  should  utilize  every  caap  under  his  care  for 
™  fu^oac.  and  conduct  his  treatment  as  ij  it  were  a  critical  cxperimcnl.  the  interests 
*•!■(  pacimi  being,  of  course,  paramount.  Tbc  conclusions  will  W  greatly  .Amplified 
Bbvtooe  drug  Is  u.«cd  at  a  time. 

QHOBic  Isrestiptiima. — Since  the  action  of  drugs  depends  so  laiigely  upon  thdr 
••«■(  CKiuli/ttfi(H(,  the  latter  is  a  lefiilimatc  subject  of  pnarmacolopc  inquir>-.  The 
*■*/  ol  the  fatt  ^  the  drug  in  the  body,  of  the  Miffhaniim  vi  its  aluorplion,  enretion, 
*■'  lUPaic  e  also  indtspenvibU-,  These  involve  the  inrthnds  of  i)uantitative  chcmic 
«iW 

taoifar  <A  ResultB  of  Animal  BxporimenCation  to  Man.— The  utilitarian  aim  of 
ititimmlugj  [s  to  supply  the  science  of  medidne  with  a  rational  and  sdentibc  basis 
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far  the  practice  of  therapeuiks  and  for  the  study  of  toxicology.  It  was  shown  in  the 
preceding  sccUun  thiil  these  objctta  can  be  attained  only  by  experimentation  on  lower 
animiiU.  Thi%  hrinf{&  up  the  fundacnental  que&Uon:  To  ivhai  extent  r-an  results  olnrrved 
on  aniiHois  be  transferrtd  to  man?  The  same  question  applies  to  all  other  fields  of 
experimental  medical  ix-M-arch,  und  lias  been  abundiintly  answered  by  their  results. 
A  similar  physiiUnxy  implies  a  ximilar  piilho!i>i'y  and  plmrmacoiasy.  In  the  great 
majority  of  cases,  similar  Rtnicturcs  arc  affected  in  the  same  way  by  a  given  drup,  no 
matter  in  what  animLil  tlicy  are  studied.  Where  differences  exist,  they  can  usually  be 
exniainc-d  by  diflerences  of  physiologic  function,  as  will  be  discussed  under  "  Racial 
Idiosj-ncrasy."  Those  which  are  not  yet  explained  must  be  referred  to  our  ignorance. 
The  diffiTenccs  in  animals,  physiologic  and  unexplained,  are  now  Rcncralty  recognized 
so  that  suitable  species  can  be  chosen  for  cxpcrimcataUon.  They  can  furthermore 
be  eliminated  by  using  the  drug  on  several  species:  If  a  git^it  poison  afects  all  specitt 
alibt^  il  may  Ik  fiuifiitdrj  ihnl  I'h  lulinn  an  man  is  ulsa  the  same.  If  it  produces  different 
cffccu,  but  if  these  can  be  explained  by  diHcrenccs  in  physiology,  the  effects  on  man  will 
be  similar  to  those  produced  on  ihc  species  the  physiology  of  which  resembles  most 
closely  that  of  man. 

Value  and  Limitations  of  Kxperimental  Pfaannacology.^lt  n-ill  lie  seen  thai  great 
care  must  be  used  in  applpng  the  results  of  experimental  pharmacology  to  man.  The 
neglect  of  this  precaution,  the  drawing  of  far-reaching  tronclusionii  from  a  few  limited 
experiments,  ihrcw  discredit  on  ph.irmacoloEy  in  its  earlier  days,  and  is  slill  seen  .ill  loo 
frequently.  I'harmacology  can  not  be  held  responsible  for  tliis  misapplication  of  its 
data  by  half- trained  enthusiasts,  lis  scone  is  limited  primarily  to  itsown  results  and  not 
to  their  application,  although  it  may  legitimately  sugRcst  the  latter.  It  should  not  be 
made  to  replace  the  science  of  therapeutics,  but  should  only  aim  to  pla.ce  well-studied 
tools  in  the  hand<i  of  the  latter.  If  this  limitation  is  realized',  if  the  therancutist  will 
carefully  studv  the  results  of  pharmacnlogv  and  will  utilize  and  interpret  tncm  in  the 
lighi  of  bedsifJp  experience,  then  pharmiirdlogy  will  be  of  very  great  value  to  medicine. 

One  very  important  service  is  rendered  bv  pharmacology  through  the  examination 
of  new  ri-medies.  The  develnpmenl  of  synllielic  chemistry  especially  has  resulted  in 
the  discover>'  ol  a  ver>-  large  number  of  new  substances  of  some  therapeutic  value.  The 
number  is  indeed  so  lanw.  that  all  could  not  bei;iven  a  thorough  trial nii  patients.  Most 
of  these  substances  possess  some  value,  hul  many  differ  from  each  other  by  very  in- 
significant details.  In  this  case,  pharmarolog)'  can  select  the  most  promising  drugs  of  a 
type,  tiud  by  their  thorough  study,  indicate  those  which  arc  worthy  of  trial  by  the 
cUniciao. 

THE  ADMINISTRATION  OF  DRUGS 

The  effects  of  a  given  drug  or  poison  ai%  not  always  uniform^  bul  vary 
with  conditions;  such  as  the  dose;  the  absorption  and  elimination;  ihc 
method  and  time  of  admiiuslration ;  the  simultaneous  presence  of  other 
substances;  the  age.  sex  and  race  of  the  patient;  the  existence  of  disease, 
etc.     A  knowledge  of  these  variations  is  very  important. 

Methods  of  Administering  Drugs. — The  channel  by  which  a  drug  is 
introduced  into  Uie  body,  or  the  place  to  which  it  is  applied,  must  vary 
with  the  object  to  be  secured — whether  the  action  is  to  be  local  or  systemic; 
the  desired  rapidity  of  absorption;  the  necessity  of  avoiding  irritation  of 
certain  organs,  etc. 

Local  A  ppiicaiiott.~~Vtx\x%<,  may  he  used  locally  either  to  protect  a  sur- 
face, or  for  reflex  effect,  or  as  antiseptics,  or  as  stimulants.  They  may  be 
a])plled  to  the  skin  in  various  vehicles:  If  it  is  desired  to  secure  the  absorp- 
tion of  the  remedy  or  its  deep  penetration,  vegetable  or  animal  oil  must 
be  used,  preferably  adeps  lana;  hydrosus  (lanolin).  The  influence  of  the 
ointment  base,  however,  varies  for  different  substances  (Sauerland,  1912). 
Where  the  local  effect  alone  is  required,  the  mineral  fats  (petrolatum  or 
vaselin)  may  be  employed.  The  remedy  may  also  be  placed  in  aqueous 
solutions  (washes),  e^>ecially  if  intended  for  an  antiseptic;  or  it  can  be 
used  in  powder  form.  Caustics  may  be  used  either  as  solids  or  liquids. 
Counterirritants  are  used  as  liniments,  i.e.,  dissolved  in  oil,  tiupentine,  or 
alcohol. 
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Absorption  from  Skin. — Local  application  lo  ihe  skin  can  be  used  for 
producing  general  effects,  but  it  is  only  employed  in  those  cases  (mercury 
with  some  patients)  where  the  stomach  has  to  be  avoided  and  sub- 
cutaneous administration  is  not  practical.  The  principal  objection  to 
the  administration  of  drugs  by  the  surface  of  the  skin  consists  in  the 
uncertain  absorption,  an  exact  dosage  being  in  consequence  impossible. 
The  absorption  is  greatest  where  the  skin  is  most  delicate;  in  the 
axilla,  loins,  and  the  inner  surfaces  of  the  extremities.  Absorption  is 
aided  by  friction  and  cleanliness. 

Waury  solulitms  are  iwtt  ah-iorbctI  from  thr  skin,  unleu  the  drug  is  cauMic.  Thr 
ttason  for  this  non-absorption  lies  in  Ihc  fdci  that  tbc  stratum  comcum  of  Uie  cpidcrmiii 
i*  pncticiUly  non-pcrmeable  to  ^olulion-^.  AtMorptinn  muM  takir  place  through  thr 
flaaduUf  structures  of  the  skin,  and  these  are  filled  with  fally  matter,  which  prcvcnu 
the  pcnctralinn  of  watcr>*  solutions,  but  not.  of  course,  of  other  fats.  However,  when 
ibe  akin  has  been  macerated  for  several  hours  It  may  absorb  some  m\x.  It  alito  ab- 
Mibi  US  and  other  gases. 

Il  must  be  borne  in  mind  that  the  application  of  solutions  lo  open 
'iBnuidj  or  abraded  surfaces  is  practically  liie  same  as  subcutaneous  injec- 
lioa,  and  absorption  occurs  in  this  case  very  rca<iily. 

Local  medication  may  be  used  also  un  olher  surfaces  than  the  skin,  if 
lhc>'  are  accessible:  e.g.^  mucous  membranes.  They  are  usually  applied  as 
aqueous  solutions  (injections,  washes,  atid  gargles). 

Cat^Pkarfsis. — This  process  has  been  employed  in  dcniistry  to  facititalc  the  pcne- 
tnlion  uf  ciKain,  but  il  li;i^  not  as  yet  fouml  %-fry  exttiKivr  adoption  in  mt^iicine  and 
WTfcry.  It  ifi  a  process  by  which  the  molecules  arc  carried  from  the  +  to  the  —  pole, 
rhe  solution  lu  lie  introduci^  must  possess  a  higher  conductivity  than  the  liquid  of 
ihe  tiaftucs. 


Sprays. — Vapors  and  finely  "atomized"  spra>-s  are  inhaled  for  their 
"  action  on  the  respiratory  mucous  membranes.  They  must  not  be 
irritant. 


^Iheli 

r 

^H  To  roub  the  lower  air  passages,  they  should  be  inhaled  deeply  vilh  the  nostrils 
^V  dmcd,  the  mnulh  wide  open,  and  the  tongue  protruded.  Kven  so,  the  numerous 
H     hnnchtng  surfaces   prevent    the  spray  from  reaching  any   but    the   larger  bronchi 

ImMalaiion. — This  method  is  used  only  for  gaseous  medicines,  such  as 
aiwsthelics  or  oxygen. 

WTicn  giving  drugs  by  inhalation,  it  mtist  be  borne  in  mind  that  the 
cflcct  docs  not  depend  upon  the  quantity  given,  but  the  concentration  of 
the  gas  and  the  time  <luring  which  it  is  adniintstcred.  The  rich  capillary 
•naof  the  alveoli  is  one  of  the  best  absorbing  surfaces,  so  ihat  the  action 
H  vfry  rapid.  The  lungs  also  absorb  fluids  and  dissolved  substances 
lapt'lly,  if  these  arc  introduced  through  ihe  trachea. 

Oral  Administration.  -This,  the  most  ancient  method,  is  .still  the  i*tand- 
•rdone.  Its  advantage  lies  in  lis  great  convenience  and  in  the  absence 
^  local  irritation.  Nevertheless,  certain  drugs  do  give  rise  to  disturb- 
*i>ccs  of  tligcslion.  This  can  be  avoided  by  giving  them  in  such  a  form 
Alt  ihcy  will  not  be  dissolved  in  the  stomach  (pills),  or  by  giving  them  at 
*tia»e  when  the  stomach  is  filled  with  food,     Absorption  is.  of  course,  de- 

,        *y«din  these  cases.     Pills  should  nevtT  be  employetl  for  insoluble  powders 

^B     wfor  corrosive  drugs  which  require  dilulion. 

^V         Absorption  from  Alimentary  Canal. — Theabsorbing  powerof  \hcstomach 
"sftlatively  low,  even  for  water  and  soluble  substances  (Hirsch,  1893);  so 
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that  the  main  absorption  does  not  occur  until  the  drug  has  reached  the 
small  intcsLinia.  The  effects,  with  gastric  administration,  are  therefore 
relatively  slow.  The  passage  is  quickest  if  the  drug  is  taken  fasting  in 
f\*atcr;  somewhat  slower  with  milk,  souji  or  wine;  slowest  after  eating,  es- 
pecially when  adminislere<I  dry  (Moriu,  1898). 

The  conditions  in  the  small  inteslines  arc  very  favorable  for  absorption^ 
being  aided  by  the  long  sojourn,  the  extensive  surface,  the  folds  and  villi, 
the  segmental  movements^  etc. 

The  rrlatiit  rSU  oj  Iht  itomack  and  inttitint  in  absorption  varies  for  different  drugs 
and  animals.  Strychnin,  t.g.,  is  absorbed  from  the  »LoDaacb  uilh  dogs  and  cats,  but 
not  wiih  rabbits  and  giiincit  t>iK»;  whereas  sodium  salicylate  and  iodid  give  just  the 
opposite  result.  Inoye  and  Kft.shiwado  (too;)  have  shown  that  atropin  and  rhubarb 
are  not  abwrbed  from  the  dog's  stomach,  whilst  salol  h  absorbed.  The  data  as  to  man 
arc  in&ulTicient. 

Certain  drugs  are  more  or  less  destroyed  in  the  alimentary  tract, 
/.«'.,  toxins  and  antitoxins,  so  that  oral  administration  is  relatively  ineffi- 
cient. Glucosids  are  also  partly  destroyed,  so  that  the  oral  dose  must  be 
larger.  On  the  other  hand,  drugs  which  require  the  action  of  the  diges- 
tive juices  for  their  solution  {resins,  oils,  etc.)  are  more  efficient  by  mouth 
than  by  other  channels.  The  oral  route  is  of  course  the  only  one  for  drugs 
intended  lo  act  locally  on  the  upper  parts  of  the  digestive  tract. 

Rcdai  Adminhtralhn. — The  stomach  and  small  intestine  may  be 
avoided  by  giving  the  drugs  i>er  rectum,  cither  in  the  form  of  enema  or 
suppositories.  The  rectum  is  a  fairly  good  absorbing  surface  for  many 
soluble  substances;  so  that  the  effects  are  often  greater  or  more  prompt 
than  with  oral  administration  (/.*.,  for  salts,  narcotics,  etc.).  The  ab- 
sorbed drug  also  avoids  the  passage  through  the  Hver,  and  the  consequent 
destruction. 

EnfmaUi,  when  introduced  [or  the  absorption  of  the  medicine,  should  bcassnuUlas 
possible,  bul  not  »o  strong  as  to  produce  local  irritant  cfTcct^.  Our  or  3  ounces  is  usually 
the  projMT  quantity,  the  rectum  IwinR  first  cleansed  with  warm  water.  When  eneroata 
are  cmployra  for  their  mechanical  cfTccts,  the  amount  must,  of  course,  be  much  greater — 
I  or  2  pints.     These  should  be  raised  to  the  body  temperature. 

Conjunctiva,  Ureihra  and  Vagina. — These  are  very  good  absorbing 
surfaces,  so  that  systemic  effects  often  follow  local  application  (vagina; 
Menges,  1906).  lodid  is  also  absorbed  from  the  uterine  cavity  (Higuchi, 
1908). 

Subcuianeaus  or  Hypodermic  Adminisiraiion.— The  injection  of  solu- 
tions through  a  hollow  needle  into  the  loose  subcutaneous  tissue.  It  has 
the  advantage  of  being  quicker  and  more  certain  in  its  effects,  and  the 
dosage  is  more  exact  than  can  be  secured  by  any  other  method.  The 
princi[>al  ubjection  to  it  lies  in  the  fact  that  while  it  is  not  ver\'  painiul 
with  some  medicines,  it  is  very  much  so  with  any  irritating  sub.stance. 
There  is  also  a  tendency  to  abscess  formation.  This  is  frequently  due 
to  deficient  asepsis,  but  certain  substances  (protoplasmic  poisons)  pro- 
duce abscess  formation  even  with  the  most  rigorous  asepsis. 

Hypodermic  injections  arc  generally  made  into  the  forearm,  arm,  thigh, 
or  nates.  For  very  bulky  injections,  e.^.,  for  antitoxin  or  for  saline  solu- 
tion. t)ie  loose  areolar  lissuL-  of  the  subscapular  or  mammary  region  is  chosen. 
The  subcutaneous  dose  may  often  be  made  somewhat  smaller  than  the 
oral  dose.  The  rapidity  vf  absorption  from  hypodermic  injections  may  be 
hastened  by  massage,  by  distributing  the  injection  over  several  places, 
and  by  dissolving  the  drug  iu  a  small  amount  of  fluid.    The  concentratioD 
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m  salts  should  not  exceed  that  of  the  blood,  or  the  injection  will  be  pain- 
ful. Normal  saline  solution  is  the  least  irritant  solvent  for  alkaloids. 
Subcutaneous  injection  is  naturally  inadmissible,  if  locai  effects  in  other 
piris  of  the  body  are  desired  (e.g.,  for  stomachics,  cathartics,  locally  acting 
emetics,  etc,)- 

Hypodermic  injection  was  protHibty  first  [Mracticed  by  E.  R>'nd.  1844,  but  was  in- 
troduceil  practically  by  .Vlcx.  W.  Wood,  in  185J.     Pravuinventcd  bis  syringe  in  1853, 

for  the  injection  of  aneurbims  (M acht,  1916). 

Intramuscular  Injections. — These  are  made  by  thrusting  tlie  needle 
through  the  skin  deep  into  the  substance  of  the  gluteal  or  lumbar  muscles. 
The  absorption  ts  more  rapid  than  with  subcutancuuH  administration 
(Melt2er  and  Auer,  1004),  and  the  irritation  and  icndency  to  abscess  for- 
mation are  less.  Auer  and  Meltzer,  191 1,  advise  the  sacro-spinal  muscles 
io  preference  to  the  gluteal,  as  giving  better  absorption  with  leas  pain 
ana  other  complications. 

5iifrf»aidi  Injtction. — Injection  under  the  mucous  membrane  of  the  nasal  septum 
givTS  extremely  rapid  absorption,  the  efliciency  appmacbing  intravenous  injection 
^Piklicr,  1914.  i9ts]> 

InirupcritDttttii  and  intradural  injfclions  arc  used  in  experimental  tcchnic,  and 
raemble  subcutaneous  injections,  (be  dnie  bcinK  absorbca  more  rapidly.  Intra- 
peritoneal injections  in  man  have  been  made  by  Schmidt  and  Meyer  (1905;,  but  arc  not 
raconamrnded.  The  pleura  absorbs  through  the  parietal  and  pulmonary  «.urface; 
bfil  the  absorption  is  less  than  from  the  peritoneum  t\a^-i;cli,  1913).  In  botb  mcm- 
tniKS,  it  occurs  by  the  blood  rather  than  lymph.  Gra\-ity  plays  a  part,  the  absorp- 
tion being  lalher  belter  with  pel^'is  down  puMtion  (Bandy  and  Rowntrce,  1914). 

ItUraptrirardiiil  /fi/fcti^nj.— Solutions  are  quite  rapidly  absorbed  from  the  pericardial 
Mcinto  the  heart-muscle.  Gunn  and  Martin,  1915,  suggest  that  this  could  be  uliliMd 
in  rpinephrin- resuscitation. 

Injections  into  the  trachea  are  very  rapidly  absorbed  through  the 
alveolar  capillaries,  and  act  more  like  intravenous  injections.  They  also 
cause  asphyxia,  and  are  not  used  intentionally.  Tracheal  sprays  are 
toed  for  local  effects. 

Inlracrrebf)^  injfciiims  (i.e.,  into  the  substance  of  the  brain)  have  been  used  experi- 
oottalt^.  'I'bc  injections  are  at  once  conveyed  to  the  ventricles  and  produce  local  and 
"^tnt^'  effects  often  different  from  the  systemic  action  of  the  drug. 

S^Adural  Injections. — These  are  used  if  the  drug  is  to  act  directly  on 
tbe  ^>inal  cord,  especially  for  spinal  anesthesia.  The  technic  is  that  of 
lumbar  puncture,  some  ccrebro-spinal  iluid  being  withdrawn  before  the 
iajcctim  is  made.  The  procedure  is  dangerous,  since  the  poison  may 
pnxluci;  local  effects  or  be  conveyed  directly  to  tlie  medulla. 

Tbe  absorption  ol  qutnin  and  atroptn  from  the  ccrebro-spinal  tluid  is  almost  as  rapid 
Wlf  tbcy  were  injected  into  a  vi'in.  It  occurs  probably  by  ihc  blood  (Dixmi  and 
UEliurtoQ,  iqm).  Irritation  of  the  memnges  ooes  not  modify  the  absorption  <for 
ulnrsao,  StoUman  and  Swift,  1915). 

ifUrtacnous  A  dministratioH. — ^This  is  often  used  in  pharmacologic 
operiments.  Clinically,  it  has  been  tried  in  recent  years  (F.  Mendel, 
1908].  Its  dangers  restrict  its  application  mainly  to  emergencies  when 
M  immediate  action  is  necessary  (strophanthin),  or  where  other  methods 
■'v  not  applicable  (salvarsan). 

.    Iwrivenoui  injection  was  tried  rather  extensively  in  the  seventeenth  century,  but 

■linudeni  application  dates  from  Landercr,  t88i  1  hbtory,  Kpstein,  1915;  Atachl,  1916}. 

VhOc  it  is  the  quickest  way  of  securing  the  action  of  the  substance,  tbc  slisht  opcra- 

*i  Kquirrd  is  some  objection.     There  are  aUu  more  serious  dangers.     Air  may  be 


88 


MANUAL  OF  PHARMACOLOGY 


Introduced  Into  the  vein,  and  while  the  prcM^nce  of  a  &itu]I  bubble  of  air  in  the  circula- 
tion of  ft  man  is  not  as  dongcruus  a:>  iu  ihul  of  a  rabbit,  it  muy  U-ad  tu  vtiy  >crious 
resulu.  The  action  of  dniipi  injected  intravenously  may  Ih-  quite  diilcrcnl  than  when 
taken  by  other  cliannels.  They  act  upon  Ihr  heart  more  directly  and  with  less  dilution. 
Many  substances  also  have  the  property  of  ctotlinf;  the  blood,  and  unlets  the  adminis- 
tndoo  be  very  skilfully  done,  the  result  mifjht  be  di:sn?>ln>us. 


CONDITIONS  INFLUENCING  ABSORPTION 
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The   time  requirwJ  for  absorption  into  the  body  and  into  the  c 
varies  from  a  few  seconds  (e.g.,  hydrocyanic  acid),  to  several   weeks 
(tf.jl.,  lead).    The  rapidity  of  absorption  depends  upon  the  nature  of  the 
drug,  the  place  of  administration,  and  a  number  of  accessory  factors.       jM 

Place  of  Adnii[iistration.^AI>M>rptiun  of  drugs  may  occur  from  the  alimentary 
canal  cir  from  other  mucous  surfaces:  from  subcutaneous  tissue  or  serous  cavities;  from 
the  alveoli  of  the  lunu'A  (^a»c5  and  volatile  substances);  a  limited  number  of  substances 
may  also  lie  absorbed  from  the  intact  skin.  The  influence  of  the  place  of  adminUtra- 
tion  has  t>een  discussed. 

Solubility. — Only  soluble  drugs  can  be  absorbed  (except  the  small 

qiianlitie.*  taken  up  by  phagocytosis);  but  the  solubility  in  the  protein 
containing  fluids  of  the  body  is  not  necessarily  the  same  as  the  solubility 
in  water.  The  solubility  may  also  be  modified  by  cbemic  changes  in  the 
digestive  canal. 

Soiiil  SiibiinHCfs. — Thefte  are  practically  unubsorbabk-  from  the  alimenUry  tract, 
.ilthough  Koclhckcr  and  many  others,  on  feeding  rabbits  with  carbon,  found  particles 
in  the  prevertcbml  and  mesenteric  ganglia. 

There  is  always  considerable  uncertainty  in  the  absorption  of  solid  subfitances.  even 
when  ihcy  arc  soluble.  They  should  therefore  be  ovoidcd  unless  a  very  slow  action  b 
desired.     Free  dilution  is  favorable  lo  absorptiur.  J 

Influence  of  Colloids,  Etc. — Oil,  gums,  extractives,  kaolin  and  other 
colloids  hinder  absorption,  partly  by  adsorption  of  the  drug,  partly  by 
hindering  its  access  to  the  absorbing  surface.  The  presence  of  food  in  the 
alimentary  canal  has  a  similar  action.  The  isolated  active  constituents 
(alkaloids,  etc.)  are  preferred  if  a  quick  systemic  action  is  desired,-  whilst 
the  galenic  preparations  (extracts,  tinctures,  pills,  etc.)  are  used  for 
local  effect.  In  case  a  crude  drug  contains  several  active  ingredients, 
the  employment  of  the  isolated  constituents  will  give  more  definite  results, 
On  the  intact  skin,  absorbable  oils  facilitate  the  absorption  of  other  sub- 
stances dissolved  in  them;  alcohol  usually  has  a  similar  favorable  effect  in 
the  stomach. 

Fuller's  Earth  on  Alkaloids. — Fuller's  earth  (hydrous  aluminum  &ilicate)  has  a 
high  adsorbing  power,  especially  tor  alkaloid^i — varying,  however,  iu  dirgrec  with  difler- 
ent  samples.  (Lloyd,  1916.)  The  proprietary  brand  ".Mkresia"  is  Iwing  cspf dally 
investigated.  McOuij^an,  igi4,  found  Lbal  this  mixture  with  str}'chnin  is  in^-olublcin 
add  fluids,  and  develops  the  bitter  taste  quite  slowly;  and  that  it  delays  and  dimin- 
ishe»  the  tetanic  action  m  frogs.  Kantus.  IQ15.  finds  that  the  combination  is  not  dissolved 
in  the  stomach,  but  dlMociatPS  Rraduftlly  in  the  intestines.  He  also  investigated  the 
suiubility  of  the  earth  as  alkaloidal  antidote,  and  found  it  very  limited.  It  is  somewhat 
improved  by  the  additicin  of  tartaric  acid  or  acid  sodium  phosphate:  it  is  highest 
against  morphin,  cocain.  nicotin  and  ipecac;  and  l4>ast  efficient  anainst  strychnin,  aconitbi 
and  coKhirin.  The  effects  of  Kaolin  and  related  subctanccs  were  also  investigated  by 
Friedbcrgcr  and  Tsuneoka.  191^. 

Sabbatiini,  igij,  found  considerable  antajronism  between  strychnin  and  coHoidal 
carbon  (caramel)  when  mixed  in  tilrt).  The  fntmvrnuus  injection  of  the  carbon  also 
furnished  some  protection  apinst  the  oral  administration  of  strj-chnin;  but  this  was  t( 
uncertain  for  practical  application. 
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V.  Pmolucci.  1915.  »huwcd  ib»t  futty  »ub»laDct;&  (including  pctrolitum)  diminish 
llie  toscity  of  »lr>'<^hnin,  both  hypodcrmitally  and  witli  direci  vpplicutton  to  tbc  nerve 
ctnlcfs. 

Concentration. — The  absorption  varies  gcnt-rally  in  iJie  same  direc- 
tion as  the  concentration,  especially  for  hypodermic  injections;  but  the 
ftlalioQ  a  not  a  simple  one.  Absorption  tends  also  to  increa^ie  with  Che 
atemi  af  absorbing  surf  are  (e.g.,  by  making  multiple  hv*podermic  injections). 
This  seems  to  be  less  important  in  the  intestines  (SoUmann  and  HanzHk, 
1911-1913). 


V 


Cbangtm  of  the  Absorbing  CetL— In  the  alimcntar>'  canal.  inJLn-  to  the  absarbioK 
cdlmay  dthrr  [;ititilntr  or  hinder  abwqition;  astnngcnls  tend  to  have  the  Intter  effect, 
oocrodvcs  and  simple  irrtl-ints  tlic  former. 

SciUmaiui  iiml  Han;:li)c  huvc  found  tli»t  phenol,  alcohol,  irxiid,  iuid  probably  other 
^^■nbUances  tend  to  inhibit  their  own  u1>9orpiion;  so  that  the  absorjition,  at  first  very 
^■npJd,  Ik  promptly  slowed. 

^V  calculation. — The  rapidity  of  absorption  is  prtiportional  to  the  ra- 
V|Hi]ity  with  which  the  drug  isremovcd;  justas  a  burning  lanii)-wick.  absorbs 
the  oil  more  quickly  (Miaihe).  It  therefore  increaises  with  the  rapidity 
of  the  circulation  and  of  the  lymph  flow.  Active  hyperemia  (hot  air; 
klapp,  1901)  and  hemorrhai^e  hasten  absorption;  while  it  is  delayed  by 
reoous  stasis,  passive  congestion,  deficient  heart  action,  vasoconstriction, 
citarrh,  etc.  Increase  of  ij-mph  flow,  by  moderate  dhUiUioii  and  message 
also  quicken?  ahi^t^rption.  Exces.sive  distention  diminishes  absorption  by 
ilowing  the  local  Ij-mph  flow  (Hamburger,  T007). 

Abaorption  in  Absence  of  Cticulatioo. — Considerable  absorpiion  occurs  when  ths 
dmlatioQ  has  stopped.  Thus,  strj-chnin  and  raorpliin  ore  aosorlKd  by  froRs  with 
ISflted  hearts,  producing  inlrresliiiR  mt»dificali(m>>  in  their  actinns  (Meltwr.  1911- 
1911).  Abel,  191J,  and  Abel  and  Turner,  1014.  hcUcvcd  ihiit  the  solutions  in  cArdiec- 
Ku&urd  fro^  arc  cinulatcd  by  tlie  lymph  htarls;  but  Meltwr.  igi4,  Joseph,  1014, 
ad  Rithca«  and  Meltacr,  iqi  j,  aflirm  that  general  effects  from  tlie  local  injection  of 
tryhnin.  (uchsin  or  epinephrin  may  occur  even  when  all  the  lymph  hearts  arc  definitely 
onttdrd.  the  abwrpliun  occurring  through  the  lymph  spaces. 

The  absorption  in  frogs  is  delayed  by  destruction  of  the  spinal  cord 
'Filippi,  iQi?^.  Considerable  ah>rf>rphon  ocrur<;  also  in  dead  animals 
'^ollm<inn  and  Hanzlik.  1913),  probably  by  diffusion. 

ibMcption  by  Blood  and  Lymph.— Most  soluble  substances  are  absorbed  from  the 
(linntary  canal  by  the  blood,  rather  than  llie  lymph.  This  also  holds  for  the  serous 
taoTtidi  iitcthylcn  blue  injected  into  the  peritoneum  or  pleura,  for  inslanoe.  appears  in 
tW  mat  before  it  b  ^een  in  the  thoracic  duel  (.StiirlinK  and  Tubby).  A  few  dru^s.  huw- 
nv,  take  the  lymnhatic  path.  Tetanus  and  diphtheria  loxin,  and  perh.ip«  other 
Mdu,  are  absorbed  from  llir  local  lnjccllon!>  by  the  nerve  sheaths,  and  reach  the  central 
"wuos  tVKlent  along  these  (Xfcwr  and  Random,  looy.  Meyer,  lo's;  *"■  ^^'-  '"'^'d. 
'Wl.  lliese  torins  are  more  active  on  hypodermic  or  iniramuscular  than  on  inlra- 
•Wow  iatertion.  "dnce  apparently  they  reach  the  nerve  centers  in  more  concentrated 
■■■hy  Ine  lymph  th,in  by  the  blood- 

Sojourn  in  Blood. — This  is  generally  very  short. 

It  rniut  not  be  forgotten  that  a  drug,  after  it  has  been  absorbed  into  the  circulation, 
>Brii  atill  lo  penetrate  into  the  cells.  This  intraccUuUr  absorption  depends  upon  the 
*!■»  <rf  the  poison  (selective  absoTptioni.  and  to  some  degrte  on  its  concentration. 
™»  mle,  it  is  a  ver>'  rapid  process:  Masoia  (1003)  found  ihv  time  whii  li  i-hifKes  before 
W  lode  do«es  rtUappear  practically  completely  from  the  bUiod.  after  intravenous  in- 
Jl^'wi,  to  be  for  .Arsenic,  nine-tcoths  to  thirty  seconds;  Tetania,  twenty  seconds; 
Cyiddt,  two  to  sii  minutes;  Otpblhcria  toxin,  four  minutes;  Antitoxin,  several  hours. 
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TRE  EXCRETION  OP  DRUGS 

Channels  of  Excretion. — This  occurs  mainly  through  the  urine  and 
feces,  and  with  volatile  drugs  through  the  lungs.  The  sweat  and,  indeed, 
all  the  secretions  play  a  minor  part.  The  relative  importance  of  the  dif- 
ferent channels  varies  for  earh  Hrug,  tht-  rc-asons  being  but  little  understood. 
The  rapidity  is  proportional  to  the  circulation  and  to  the  functional  ac- 
tivity of  the  excretory  organs,  and  may  be  increased  by  the  factors  which 
stimulate  these. 

The  excretion  of  ceruin  drugs  appears  lo  be  liinited  by  their  existing  in  the  body 
in  the  form  of  combinations.  The  eiinunation  of  these  is  favored  by  substances  wMoi 
displace  them  Irom  the  compounds.  This  is  probably  tbc  explanation  of  the  increased 
cKcretion  of  iodids  on  the  administration  of  chloride,  and  poRs^ly  of  the  favorable  effect 
of  iodids  in  chronic  poisoning  by  mctaU. 

Excretion  by  Sweat.— A  considerable  number  of  drug*  are  thus  eicreled  (iodids, 
bromids,  borates,  phenol,  salicylates,  antipyrin,  mcthylcn  blue,  As,  Hg}.  The  quan- 
tities arc  U)o  small  tu  make  them  significant  for  elimination,  but  they  may  help  b>  ex- 
plain exanthemata. 

Excreticm  by  SaUva.— This  is  ratJier  limited,  and  is  only  important  (or  the  haloids 
(iodidsj  sulpbocyanatcs,  R  and  NH*,  Hg  and  Pb,  menthol  and  guaiacol,  bcxameth^i- 
enamin,  and  some  alkaloids  (murphin  and  quiniii).  The  excretion  generally  begins 
within  twi-nty  mintjtp^and  may  last  over  nine  hours  (Howe,  191  a). 

Passage  into  Cere bro -spinal  Fluid.  — Inorganic  substances  arc  excreted  into  thij 
only  in  a  slight  dcgreej  iudid^  and  bromids  arc  generally  present.  Many  organic  sub- 
stances pass  into  it  much  more  freely:  Alcohol,  chloroform,  acetone  and  hexameth^- 
enamin  occur  constantly  in  about  one-third  the  concentration  uf  serum  (Hald,  1911). 

Passage  to  Fetus. — The  more  important  drugs  which  have  been  demonstrated  arc: 
(crrocyanid  (Mayer,  1871);  chloroform,  ether.  CO,  ethyl  bromid.  atropin,  marphin. 
scopolamiti.  chloral,  salicyl,  qtiinin,  benzoic  acid,  phlorhiiin,  alcohol*  nitrate,  urea, 
mcthylcn  blue,  As^  Ug,  KI,  K.Ur  (Kchrcr,  1Q07). 

DOSAGE  [POSOLOGY) 

Definition. — Drugs  are  administered  t.6  produce  a  desired  effect, 
and  the  dose  must  be  sufficient  for  this  purpose,  and  neither  too  small, 
nor  too  large.  Since  the  effect  is  influenced  by  numerous  conditicns, 
it  is  impossible  to  state  the  exact  doses  for  any  drug;  experience  is  the 
only  safe  guide.  However,  the  doses  varj'  under  ordinary  conditions 
only  within  narrow  limits,  so  that  it  is  feasible  to  state  the  customary  or 
average  dascy  as  is  done  in  the  U,S.P.  and  in  this  book.  This  is  convenient 
as  a  starting  point. 

The  "  maximum  dose''  signifies  the  largest  doRc  which  can  be  safely  used  in  ordinary 
cases;  the  "minimum  dose"  is  the  sraaJlcst  doac  which  produces  therapeutic  effects;  a 
"U*xif  dosr"  is  ore  which  produces  dangerous  e0ecls;  the  ")ml  ftUal  do^e"  is  that 
which  is  just  sufficient  to  cause  death;  the  "  physiologic  dose"  (a  rather  indetinlte  tenn}, 
is  used  in  physiologic  experiments  on  animals. 

Variations  According  to  Administration. — The  different  methods  oC 
administration,  by  altering  the  rapidity  of  absorption,  produce  quantitative 
differences  in  the  effects,  and  therefore  in  the  dosage.  Since  these  var>* 
with  each  drug,  they  must  be  determined  by  observation.  General 
ratios  of  oral,  rectal  and  h\T>odermic  doses,  supposed  to  apply  more  or 
less  to  all  drugs,  are  dangerous  (Hatcher,  igio;  Hatcher  and  Eggleston. 
1914). 

The  same  dose  acts  tbc  more  profoundly,  the  more  rapidly  it  is  inlroducod;  mainly 
because  there  U  less  excretion  ana  destruction  before  the  luU  dose  has  entered;  also  be. 
caasc  it  reaches  the  heart  and  other  centers  before  being  distributed  through  Ulebod]^ 
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Vat  mtut  be  taken  into  account  in  fuinf;  the  minimal  fatal  dose.  Extremely  rapid  in- 
tnvcnuus  injection  may  simubtc  a.  higher  fatal  dose,  if  death  occurs  during  the  injection: 
brcauae  in  this  case  really  more  piiison  may  have  been  adrainistrred  ihan  was  necessary 
(or  death  (1.  Simon,  1905). 

Action  and  Dose.— With  wmc  drugs,  the  fatal  and  active  dose  Bre  far  apart  ^atro- 
pin);  with  others,  ihey  are  close  together  (strychnin).  The  distance  varies  with  the 
4cSaicy  of  objtovins  the  active  dose,  and  for  diHerent  actioni^  of  the  same  dru|E. 

DaQy  Dose. — The  single  doses  are  usually  calculated  on  the  assump- 
tion that  suificient  time  is  allowed  to  elapse  between  the  doses  for  ihe 
gnater  part  of  the  drug  to  be  excreted.  This  constitutes  a  periodic 
wudicaiion.  The  exact  lime  varies  of  course  with  the  nature  of  the  drug, 
but  in  most  cases  the  drug  is  administered  three  or  fuur  times  a  day;  so 
that  the  daily  dose  is  about  three  or  four  times  the  single  dose.  U  a  (on- 
linaous  action  b  desired,  correspondingly  smaller  doses  are  given  at  shorter 
imervals. 

BapatMoa  of  Dow.— Cash,  i^aS,  found  that  don^  of  indaconitin,  repeated  at 
riffirt-Tilty  close  inter\'als.  gave  imperfect  summation  of  the  IrmtK-raturc  action;  but 
U  the  interval  exceeded  two  hours,  with  doses  less  than  one-half  mtal.  the  later  doses 
ptoduccd  actually  less  eScct- 

Variation  of  Dosage. — The  doses  ordinarily  staled  in  text-books 
apply  only  to  adults  of  average  size,  and  to  oral  administration. 

Eject  of  Weight. — Other  things  being  equal,  the  efifect  of  a  given  dose 
is  inversely  proportional  to  the  weight  of  the  individual  (exclusive  of 
the  adipose  tissue).  It  is  rarely  necessary  to  make  allowance  for  the 
«reighi  in  adults  (twenty  to  sixty  years),  but  it  may  be  used  for  calcu- 
lating the  doses  for  children. 


Bmfy-Sttrface. — This  'n  regarded  by  some  as  a  more  accurate  althoush  lesa  cod- 
Hidmt  iodex  of  the  doM  (Moore,  1900;  Urcyer  &  Walker,  1914);  but  the  subject  is  in 
;e  fKis»km)t,  1915). 

Calculation  of  Doses  for  Children.—In  most  cases,  the  adult  dose  is 
reduced  in  -ilmple  proportion  to  tlu-  weight  of  tlie  child —either  by  direct 
olculation,  or  by  the  use  of  empiric  rules  based  on  averages,  as  described 
bdow.  The  dosage  so  obtained  is  generally  sufHciently  exact.  It  is 
inadmissible  only  with  extremely  young  children-,  and  with  drugs  the 
Ktian  of  which  is  inliuenced  specifically  by  age. 

Oark's  ifuitf.— Multiply  the  adult  dose  with  tlie  weight  of  the  child 
CiDpouixls)  and  divide  by  150  (the  weight  of  the  average  adtilt).  This 
rule  gives  the  most  exact  results. 

Cottrfing's  ffu/«.— Multiply  the  adull  dose  with  the  age  of  the  child  at 
llw  iwxt  birthday,  and  divide  by  the  adult  age,  taken  as  twenty-four. 
f  x,  the  dose  for  a  child  of  three  years  would  be  ^^4  =  '  g  of  the  adull 
*w-  This  rule  is  simple,  easily  remembered,  and  gives  dau  agreeing 
efficiently  well  with  the  average  weight  curve;  more  accurately  than 
Ifoung's  Rule.  The  results  are  rather  too  low,  below  four  years  and  above 
Wlteo  years,  but  the  error  is  on  the  safe  side. 

rnnr'i  Kiii/.— Multiply  the  adult  doM  vrith  the  aftc  of  the  child  (in  years),  and  di- 
•wby  l«  age  plus  11.  F.i.,  the  dose  lor  a  child  of  three  j-cars  would  be  5^5  -  H- 
AtampKied  witn  CowUnn'*  Rule,  it  ^ve*  somewhat  higher  doses  below  twelve  years, 
■B^woiewhat  lower  above  this  age. 

Wrfi  RtUtfor  /m/jw/i.— Divide  the  age  in  monthn  hy  150  and  multiply  it  by  the 
■Wtiosei/.u  for  a  oiiby  of  five  month*,  the  dose  vrould  be  \\^o  -  !^ii. 

Tkt  dose  Jof  a^ed  people  is  generally  taken  as  somewhat  less  tbao 
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tJiat  for  adults.    Above  sixty  years,  the  adult  dose  is  reduced  to  four- 
fifths  or  two-thirds;  and  in  extreme  seniUty,  to  one-half. 

Specijic  Influence  oj  Agt  on  Drng-adioti. — These  {i.e..,  apart  from  the 
difference  due  to  weight)  are  known  definitely  only  for  a  few  drugs. 
Children  are  especially  susceptible  to  morphiti  and  nicotin,  and  compara- 
tively tolerant  to  cathartics,  strychnin,  iodids,  iron,  belladonna,  calomel, 
digitalis  and  spartein  (A.  Jacobi,  1907).  OUl  age  is  generally  less  resistant 
to  drugs;  purgatives  and  emetics  are  especially  debilitating.  The  fre- 
quent existence  of  atheroma  makes  it  dangerous  to  use  drugs  which  rt 
the  blood  pressure,  directly  or  indirectly. 

Influence  of  Sex. — Women  usually  require  somewhat  smaller  dos 
than  men  (one-half  lo  four-lUths).  The  greater  susceptibility  is  in  large 
part  due  lo  the  lesser  weight,  but  in  part  also  to  the  anatomic  and  func- 
tional peculiarities.  The  influences  of  sex  arc  of  course  most  pronounced 
with  <lrugs  which  act  on  the  generative  organs.  Pregnancy  also  modifies 
the  action  of  drugs,  and  contraindicates  the  use  of  irritant  cathartics 
(because  of  the  danger  of  inducing  abortion)  and  of  irritant  diuretics 
(on  account  of  the  tendency  to  nephritis),  etc. 


CONDITIONS  INnLUENCHfG  DRUG  ACTIONS 

The  time  of  administration  also  influences  the  action  of  drugs.  H>'p^ 
notics  and  Cathartics,  for  instance,  arc  most  effective  when  their  action 
coincides  \vith  the  natural  time  of  sleep  and  defecation,  and  if  the  ex- 
ternal conditions  are  favorable.  Stomachics  are  best  given  shortly  before 
meals.  Drugs  which  arc  to  be  absorbed  rapidly  are  given  on  an  empty 
stomach,  whereas  irritanls  are  administered  just  after  meals,  when 
stomach  Is  protected  by  food;  etc. 

Idiosyncrasy .^This  term  (from  Uioi,  one's  own,  and  trbrnpantt  a  bicnc 
ing)  is  applied  to  peculiar,  exceptional  reactions  to  the  effects  of 
drugs.  The  differences  are  generally  quantitative,  and  may  concern 
the  main  action,  or  the  side  actions,  especially  skin  eruptions.  They 
may  be  inherent  in  the  remedy,  or  may  be  due  to  extraneous  causes, 
or  they  may  >>e  referred  to  the  constitution  of  the  patient.  In  the  latter 
case,  they  may  be  due  to  anatomic  or  to  functional  peculiarities.  They 
may  be  congenital  or  acquired,  temporary  or  permanent.  Neurotic 
patients  are  especially  liable  to  show  unusual  effects.  (Many  apparent 
instances  of  idiosyncrasy  are  doubtless  due  to  differences  in  the  streng^^ 
or  constituents  of  drugs.)  ^H 

Impurities  in  Drugs.— Qualita live  abnornuilitics  in  the  effects  of  drugs  are  usually 
duo  to  (he  rxug^rr^Uian  0/  u  si4r  lU-.lhtt;  but  in  60in?  cases  they  may  be  referred  to  the 
presence  of  impurities.  It  ia  rather  doubtful,  however,  whether  these  impurities  have 
the  impurUnce  which  is  often  assigoed  tu  them.  Whilst  it  i>  undoubtedly  aesirablc  that 
dni^s  should  be  zi  pure  as  it  is  practical  la  make  Ihem.  minimal  amounUt  of  foreign 
substances  uiti  not  be  said  to  be  very  objections bli-,  unlc<i»  they  arc  particulariy  poison- 
ous. The  pharmacopeias  have  taken  a  wise  stand  in  this  matter  by  permilline  the 
presence  of  small  amounts  of  such  innocuou:*  impurities  which  it  would  l*c  very  difficult 
anti  cosily  t(i  remove. 

Increased  Susceptibility. — This  may  be  due  lo  very  rapid  absorption, 
or  slow  elimination;  to  the  presence  of  synergistic  agents  in  the  body; 
or  to  increased  functional  susceptibility. 

Anaidiylaxis. — This  i&  a  striking  type  of  higlily  increased  susceptibility;  but  it  seems 
to  be  confined  to  protcina.     It  has  beni  suggested  that  the  peculiar  irritative  reactJoiM 
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to  iodidt,  voUtiie  oils,  etc.,  &re  also  anapbyUctk;  but  ihb  is  not  ibc  case  (H.  X.  Cole; 
Zicher.  iQi^;  Glueck,  191J).  One  slriking  diflcrcnce  t&  that  the  hypcrsu-sceptibility 
10  ordiouy  drugi  can  not  E>e  transferred  passively. 

Cumulative  Action. — This  is  said  to  exist  when  the  continuation  of 
a  given  dose  of  a  drug  produces  greater  effects  Uian  the  first  doses.  It 
may  be  due  to  an  actual  accumulation  of  the  drug,  absorption  being 
Srealer  than  the  capacity  for  excretion  O^ad);  or  it  may  be  due  to  the 
Himmation  of  effects,  when  the  changes  brought  about  by  the  first  do^s 
perasl  (digitalis);  the  drug  may  use  up  some  substance  required  for  lis 
disintoxication  (phenol);  or  there  may  be  general  decrease  of  resistance. 

facoOBtaat  absorption  is  a  frequent  cause  of  apparent  cumulative  action.     Succeft- 

i«  doses  of  the  tinig  may  tic  unabsorbed  in  the  alimentary  canal,  to  be  finally  taken 

.iuo  tbc  syslen)  iH  taif  when  the  cundicion.^  arc  favorable  to  absorption.     Thiit explains 

VM  tbe  grratcst  individual  variability  to  toxic  doses  exists  precisely  for  those  drugs 

vUdi  are  absorbed  with  the  KnratestdifTiculty. 

bnpilarities  of  Eicrettoa  (nephritu,  etc.)  are  a]»o  favorable  to  the  developmcot  of 
OBlobtive  effects. 

"Bducatioa." — It  is  someitmes  noted  that  efiects  are  more  easily  reproduced  after 
tktf  have  unte  bevQ  induced.  This  is  seen  (lartic ularly  in  drugs  acting  upon  the  central 
■cnous  s^lem.  It  is  found,  t.g..  that  the  suKcptibility  to  strychnin  increases  witb 
ib adiniastration,  and  it  would  seem  that  this  Is  caused  by  the  central  nrrvuus  system 
bttomiai;  educated  to  the  stimulating  actions  and  responding  to  them  more  readily. 

Tolerance. — This  may  be  due  to  non-absorption,  to  rapid  elimination, 
to  the  neutralization  or  destruction  of  the  poison,  or  to  anatomic  pecu- 
Karilics.  Many  cases  can  not  be  explained  in  this  manner,  and  must 
be  assumed  to  be  functional  {the  "histogenetic"  immunity  of  Behring). 
Tbe  tolerance  is  rarely  absolute,  so  that  it  is  scarcely  correct  to  speak 
cJ  'Hmmunity."  (Critical  review  of  the  literature  of  tolerance,  Heger 
Ud  ZnDz,  1014.) 

Habittuition. — Tolerance  may  be  congenita],  or  it  may  be  developed 
by  (he  reiiealcd  administration  of  the  poison.  This  habituation  may  be 
functional  (alcohol,  cafTcln.  nicotJn);  or  it  may  be  due  to  diminished  ah- 
nrption  (arsonic)  or  increased  elimination  (atropin  in  catAj;or  to  increased 
(fcMruclion  of  the  poison  (morphin);  or  lo  the  production  of  antibodies 
ttoiitis).  The  tolerance  is  usually  limited,  not  absolute.  With  some 
(uisoRs,  it  develops  a  craving  and  serious  abstinence  symptoms,  if  the 
dwe  is  suddenly  withheld. 

It  is  interesting  that  functional  habituation,  when  acquired  for  a  par- 
tiaibj  drug,  may  hold  also  for  other  drugs  having  a  similar  action.  A 
batntual  drunkard,  e.g.,  is  resistant  to  the  general  anesthetics;  morphinists 
w  sud  lo  be  more  tolerant  to  cocain  (Chouppe,  1889);  etc. 

fUusraann,  IQ07.  and  Santesson,  igt2,give  reviews  of  the  recent  data  on  habituation. 
Atttooxia  (onnatioo  is  a  conspicuous  instance  of  acquired  tolerance.    It  was  sup- 

Kto  be  confined  lo  proteins,  but  seems  to  esi'^t  also  luwanl  certain  glucosJds 
-toolf,  and  fMison  ivy,  l-'ord,  1000;  snake  venom,  Faust,  iqii).  It  does  not  occur 
■ith  ilkoloids  or  any  of  the  simpler  poisons. 

AeqolrBd  Innmuuty  in  Protozoa.— This  has  a  practical  as  well  as  theoretic  bearing 
^ tfanothefapy.  and  has  bein  investigated  by  Ehrlich,  1909.  and  Xeufaaus,  1910. 
'^M  organisms  acquire  immunity  for  several  groups  of  pvisons-'melals  and  dyes — 
'^trfcnmce  induKcd  by  one  drug  appl)'ing  to  other  chetnically  related  drugs,  but  not 
J'ti*  other  groups.  The  immunity,  when  once  induced,  is  transmitted  unlimited 
^ttlenciation  to  generation.  It  i»  probably  due  to  diminished  aHinity  of  the  pruto- 
^'**<Bfor  the  poison.  With  alkaloid^  Prowazek.  iqio,  found  that  different  individuals, 
rfttii)  the  progeny  of  a  single  parent,  show  varving  resistance  to  the  same  alkalwd. 
wilio  found  (hat  lecithin  protects  against  the  afkau>ids. 

IaobI  IdkMjucrmsy  io  AniniaU.— Different  species  of  animals  often  vary  in  their 
"•ttiao.    TWi  can  usually  be  explained  by  dtfcreiKts  in  Ike  pkysioUipt  functions. 
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For  instance,  the  cerebral  actions  arc  usually  ihc  more  pronounced,  the  more  highly 
the  osnlral  nervous  system  is  developed;  whereas  spinal  actions  predominatcin  the  lower 
vertebrates.  Rodents  are  incapable  of  vomiting  and  arc,  ihtrcforc,  not  affected  hy 
emetics.  Atropin  quickens  the  ticart  of  the  dog,  but  not  that  of  the  rabbit,  because  it 
acts  by  paralyring  the  vagus,  which  is  not  tonically  active  in  the  rabbit.  The  dog~&sli. 
which  is  more  or  less  resistant  to  nephrDloxic  poisons,  normally  excretes  urea  and 
probably  other  mctatiolic  products  msmly  hy  (he  intesltncs  and  bili^  (Denis,  itjij). 

Natural  resistance  b  o:tcn  due  to  the  destruction  of  the  pd«on,  f.i.,  that  of  atroptn 
by  the  serum  of  rabbits,  etc.  The  destructive  mechanism  may  be  greatly  increased  by 
habituation;/.!.,  with  morphin.  Dtfferenc««o(  ab^rption  and  excretion  also  come  into 
play. 

There  are  still  a  number  of  differences  which  can  twt  >W  fee  tx plained  on  a  physido^ 
basis.  These  must  be  referred  to  our  ignorance  of  the  physiologic  differences  which  are 
iavolved.  The  hcdgekng  has  a  lu|a;h  unexplained  resistance  to  many  poisons;  morphin, 
atropin,  ntcotin,  cy.^nid,  cantharidcs,  arsenite,  diphtheria  and  tetanus  toidns;  not  for 
strychnin  (Strubclt,  1909;  Willbcrg,  1913). 

Even  the  same  organs  in  different  dassn  of  animals  may  show  unexplained  differ- 
enccs.  Thus,  Gunn,  xpog,  claims  that  apoco<lein.  quinin,  and  yohimbin.  which  cause 
vasu<liIntIon  in  mammals  con^lricl  the  bloocl  ve?^sels  in  frofjs — both  perinherally. 
Characteristic  differences  in  epinephrir  are  well  known;  but  the  mechanism  oi  these  k 
exi)lainf<!  by  difTcriTrfs  in  inrcrvation. 

Individual  Idlos^crasv  in  Animala.^In  animals,  as  well  as  in  man,  peculiaritiea 
exist  in  different  iadividuofs  of  the  same  species.  Qualitative  diferences  arc  seen  particu- 
larly in  the  action  of  Cannabis  on  do^s. 

Instances  of  aiiantHativt  difffrtvcfs  are  very  numerous: 

In  a  I'Arge  senes  of  experiments  with  toxic  doses  of  drugs  on  animals  the  author  has 
found  that  there  is  a  fair  degree  of  uniformity  in  tlie  proportion  of  animals  which  die 
with  A  i^ivt-n  dosc.  Thus,  certain  limits  can  be  found  in<Jae  of  which,  out  of  dve  animals 
three  will  always  die.  These  Umiu  var>-  from  0.5  per  cent,  (strychnin)  to  35  per  cent. 
(ergot),  but  are  u^unlty  compriwd  within  from  5  per  cent,  to  10  per  cent. 

On  the  other  hand,  the  susceptibility  of  any  one  animal  is  subject  to  greater  possible 
variations;  c.j;..  with  a  given  preparation  of  digitalis,  0.6  mg.  per  gram  will  always  kill 
three  guinea  pigs  out  of  five.  But  in  a  large  scries  of  exptrimeuts,  .1  number  of  animals 
will  be  found  which  will  die  of  doses  as  small  as  o^  nii*.,  while  others  will  die  only  when 
0.9  mg.  is  reached.  Whether  these  com  para  ti%'ely  immune  animals  always  enjoy  this 
imrountty,  or  whether  the  condition  is  only  temporary,  as  well  as  the  influence  of  age, 
sex,  etc.,  has  not  been  determined. 

These  individual  differences  are  still  more  striking  if.  Instead  of  observing  the  toxk 
doMS — J.C.,  the  .sum  total  of  the  effects — wc  direct  our  attention  upon  some  one  particu- 
lar action,  e.g.,  the  amount  of  >lowiQg  of  ibe  heart  or  the  variation  nf  blood  nrc&sure. 
The  differences  in  this  respect  are  ao  great  qualitativety  that  it  is  undoubtedly  unsafe 
to  draw  conclusiims  from  »  Mnglc  experiment,  and  it  h  absolutely  impossible  In  thesa 
cases  to  cstabli.^h  any  quantitative  standard. 

Seasonal  Variations.— The  susccplibiJity  of  animals  to  a  number  of  poisons  varies 
considerably  with  the  season.  With  cold-blooded  animals,  this  would  be  referred 
mainly  to  differences  of  temperature;  hut  considerable  variations  exist  also  in  mammals. 
Guinea  pLgs,  /-*'.,  are  more  resistant  to  ouabain,  and  less  resistant  to  acctonitrilc  and 
diphtheria  toxin  during  November  to  Januarv  than  in  the  spring  and  summer  months 
(Haskell,  iqu). 

Temperature.^ This  has  a  marked  effect  in  cold-blooded  animals;  digitalb.  vcralrln, 
nirotin,  slrychnln,  tetanus  toxin,  chloral,  and  alcohol,  for  instance,  are  rendered  more 
active,  morphin  and  curare,  less  active,  by  raising  the  temperature  The  temperature 
([unticnt  of  strychnin  was  investigated  hy  Schlomovits  &  Chase,  igift. 

The  influence  is  especially  marked  with  poisons  that  have  Id  undergo  a  transfor- 
mation in  the  body.  .At  37"C..  the  susceptibility  of  frogs  to  atoxyl  is  increased  it 
limes,  that  for  colchicin  go  times,  above  ordinary  room  temperature.  With  musclM, 
the  activity  of  drugs  incrca.'^es  in  a  matlicmatical  ratio  with  the  tempctature  withio 
certain  limits  (Veley  and  Waller,  1910). 

The  temperature  relations  of  digttaloids  are  fully  discussed  by  .'H)Umann,  Men- 
deohall  and  Stin^l,  1915.  An  indication  of  this  influence  in  man  b  seen  in  the  modi&- 
catioo  of  the  action  of  antipyretics  by  fev-er.  (In  mammals,  cooling  generally  increaaea 
the  fatal  effect  by  adding  its  direct  depressant  action.) 

Diet— This  has  a  marked  effect  on  the  resbtancc  of  animals  to  many  poisons 
(Hunt,  iQio;  Opie  and  Alford.  1014);  but  little  is  known  of  this  in  man.    The  calcium 
content  is  important  in  influencing  cutaneous  irritation  (Luithlen,  191 1,  191 3)- 
li  better  absorbed  from  a  Ca-poor  diet  (Al&berg  and  Black,  1912). 


Influence  of  Pathologic  States.— The  effects  of  drugs  in  disease  iriay 
differ  materially  from  thost  on  healthy  animals.  The  pathologic  condi- 
tions may  lessen  absorption  (diarrhea)  or  increase  it  (corrosion);  they  may 
ten  the  destruction  of  the  poison  (alcohol  produces  less  intoxication  in 
er) ;  or  they  may  alter  the  effects  entirely.  Some  of  these  modifications 
ire  readily  explained  by  the  functional  or  anatotnic  changes  of  disease; 
others  are  obscure. 

The  antipyretics  rrduce  the  temperature  in  Tiypcrpyrcxia,  but  do  not  effect  ii  when 
it  b  DomuU;  digitalis  is  an  efficient  diuretic  in  cardiac  disease,  hut  not  in  heallh;  it 
liBccts  the  normal  utidioc  miLiCJc,  but  his  lillie  action  on  a  fatty  heart,  etc.;  the  antj- 
Kptka  luid  antitoxins  are  active  only  in  tnfcctioru.  etc.  Kumcrous  oUier  instances 
nay  t>e  found  in  the  papers  of  Salant,  iqii.  and  Wallace,  tgw. 

Patholo^c  conditions  which  modify  absiyrption  <ind  rxcretion  are  o{  pArticular  prac- 
tka)  importance:  Suppression  of  urine,  as  by  ncphritk.  may  Uad  to  luxic  symptoms 
Injcc  drugs  or  doses  which  are  oTtlinarity  harmlc.>.«.  The  general  reduction  of  vitality, 
the  "Untied  rtsisiing  psrter"  which  \s,  so  common  in  many  liiscascs  is  similarly  import* 
tot.  As  an  instance  of  such  modi Aca lions,  (he  investigations  of  Lusini  and  Sfbaslianit 
1906.  may  be  quoted.  They  found  the  absorptions  of  p(M»ons  hastened  inucedi&tcly 
iftrr  krimffrbitfir  but  not  later.  The  toxic  symptoms  were  not  modified-  The  resist- 
ucc  w«a  found  lowered  to  a  varyinp  degree  for  different  poisons:  Most  for  slr>-chnln, 
bsi  far  veratrin,  and  not  at  all  for  phy^i-^tiKmin 

Tn*l*T*^  Vanilt. — These  react  ahnoimiUly.  Eslcin,  IQ14.  found  constrictor  drugs 
faeaOy  less  and  dilator  drugs  more  effective.  Epincphrin  often  produced  dilation, 
ifcBH  offein.  nhirh  normally  itiUies,  constricted  the  inflamed  vcitscis  of  rabbit's  car. 

Dueoi^d  inUiiintt  allow  a  mui  h  more  rapid  diffusion  of  proteins,  toxins  and  ferments 
Ibuhmllliy  intestine  (Mayerhnfer  and  Pribram,  looq]. 

Tht  dteilratioa  of  the  drugs  in  the  body  may  be  diflcrcnt  in  dbeasc  and  health. 
TVs  ii  best  inuctmtcd  by  fluorescein  (sec  Index]. 

The  Combined  Action  of  Drugs. — The  effects  of  drugs  are  also  influ- 
tKed  by  the  unusual  coiKliUuns  induced  by  the  simultaneous  adminislra- 
lioQur  presence  of  other  drugs.  A  quantitative  change  nmy  occur  either 
sense  of  increasing  the  efficiency  (synergism),  or  of  diminishing  it 
nism).  There  may  also  be  qualitative  changes.  In  other  cases, 
Ktivns  are  developed  by  the  reaction  of  the  drugs  on  each  other,  with 
tilt  production  of  new  compounds.  For  instance,  the  presence  of  acids 
ttnders  the  basic  salts  of  bismuth  soluble  and  toxic;  oxidizing  substances 
uy  liberate  iodin  from  iodids;  the  iodids  also  decompose  calomel  and 
itoder  it  irriunt. 

Antagonisni  of  action  is  employed  in  the  treatment  of  poisoning;  or 
Kmittimes  to  remove  undesired  side  efTecls.  When  it  interferes  with 
•iaired  cfTcct-'?.  it  constitutes  "therapeutic  iitrompalihUity." 

Combination  Therapy.— Synirrgism  is  utilized  to  secure  the  summa- 
twi  of  the  desirable  effects  of  several  drugs,  whilst  the  side  actions  are 
fot  increased  or  may  even  be  neutralized.  The  efficiency  itself  may  be 
ttCTOsed,  especially  when  the  drugs  attack  a  given  cell  or  funcUon 
(iniillancously  by  several  diffcrenl  mechanisms.  Che  mo- therapy  has 
fwiiihed  some  illustrations  of  this  (Ehrtich,  1909}.  Formerly,  combina- 
'■waf  drugs  were  very  popular,  but  on  the  empiric  principle  of  the  shot- 
PB  oujcturc — that  of  many  ingredients,  some  at  least  might  fit  the 
Such  indiscriminate  mixtures  are  not  .»«-lentific.  It  is  better  to 
the  fewest  possible  drugs,  until  it  has  actually  been  shown  that 
,tioDS  give  superior  results  in  the  particular  condition.  In  giving 
•Woil  drugs  of  similar  actions,  the  dosage  of  each  must  be  correspondingly 
tdticed. 

Viria lions  of  Combined  ActioxL — When  several  drugs  are  administered 
'"(Whef,  cftch  may  act  independently,  as  if  It  were  present  alone.    The 
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result  would  ihen  be  a  simple  algebraic  summation  of  the  effects,  either 
synergistic  or  antagonistic.  In  many  cases,  however,  the  combined 
action  is  greater  or  smaller  than  would  be  calculated  (potentiated  and 
dejicient  summation).  The  relations  may  differ  entirely  according  to 
dosage. 

F.i.,  stimulants  are  antagonistic  to  deprfssants  only  in  small  dos«.  Large  doses 
often  bccoini:  synergistic,  the  depression  being  greater  than  if  the  depressant  n-cre  used 
alone.  Instances  of  Ihi*  are  atropin  and  pilocarpin  on  embryonal  growth,  SoUmann, 
1904;  caflein  and  alcohol  toxicity,  Pilcher,  lyuiatropin  and  phyiMislignnin  tuxicity, 
Fraser;  Fothcrgill  gives  other  interesting  examples  of  antagonism. 

Sometimes,  an  action  develops  only  in  the  presence  of  another  drug;/./'.,  pilocarpm 
provokes  the  action  of  minute  uuses  of  alropin  on  the  intestine;  or  the  point  of  attack 
ntay  be  shifted  hy  the  second  drug.  Instances  will  be  found  in  the  chapter  on  "  Auto- 
nomic Poisons,"  The  ratio  of  ions  in  the  medium  surrounding  the  cell  Influences  the 
efletis  uf  drugs  very  materially. 

Instances  of  Synerpsm. — The  best-studied  examples  are  from  the  group  of  narcotics. 
Tlic  siiiipli-  lipolytic  L.trcotics  (alcoJiol,  ether,  clilnroform,  etc}  show  practically  only 
simple  summation;  but  the  addition  of  the  alkuloidal  narcotics  (morpbin  and  scopola- 
rain)  gives  considerable  potentiation  (Knell,  igoj;  Fuehncr,  igii;  Kochraann  and  pupils. 
tgi.O-  Dronrids  give  simple  summation  nith  lipolytic  and  alkaloida!  nareoticjt  (Klam- 
racr,  1913).  The  different  opium  alkaloids  potentiate  each  other  in  interesting  ways 
(Strauh,  igij;  Macht).  The  organic  local  aneslhelii^s  do  not  usually  potentiate  (Schmid. 
iQiO,  but  show  marked  potentiation  with  potassium  (Zorn,  1913).  Fuehner,  1913,  bu 
worked  out  the  bummatioii  of  hemolytic  agi-nt*.. 

Mechtnisms  of  Potentiation. — There  arc  several  possible  cxpULnations,  but  few 
positive  data.  One  drui;  cnuld  modify  the  wnetration  of  another.  Fuehner.  igij. 
showed  that  this  is  tnjc  of  the  !.nlubility  coclhcient  of  the  narcotics;  or  it  might  alter 
the  chcmtc  alhnity,  either  by  acting  as  an  amboceptor,  or  by  closing  the  combining 
groups  of  the  cell  or  of  the  drug  (antitoxins);  or  tt  might  attack  the  cell  from  a  different 
point. 

Maosfieid  and  Hamburger,  1915,  bcUcve  that  magnesium  potentiates  urttlionc; 
and  that  ether  potentiates  chloral  or  mornhin,  by  favoring  the  distributik^n  of  these 
agents  in  the  ncrvou.°>  system;  for  they  lina  thnt  the  auRmented  action  of  the  combl- 
iiatiiinTi  persists  after  the  magnesium  is  Deulraliwdby  calcium ;  or  after  the  ether  has  bern 
eliminated. 

Those  interested  in  tiummation  and  antagonism  shotild  read  Chapter  \ni]  of 
Verwoni's  "Krr«gung  und  Laehmung." 

Buergi's  Law.  — Buergi,  tQio-191  3,  proposed  a  universal  explanation  of  synergism; 
but  his  genera Hiiation  is  doubtless  ton  sweeping.  He  announced  that  potentiation 
occurs,  always  and  only,  when  two  drugs  have  different  point<>  of  attack  in  the  cdl: 
Ijccaiise  two  different  receptors  could  take  up  more  poison  in  a  given  lime  than  coulu 
a  single /eceptor  frum  the  double  quantity  of  a  single  drug,  Fuehner,  1913;  Issckutf, 
1913;  Zorn.  i9i3.  and  others  ha\*c  pointed  out  numerous  important  excqjtions  to  this 
"law."     It  is  certainly  not  universally  apf>Iicable. 
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DIGESTIVE  FERMENTS 

Nature  of  Ferments. — The  digestion  of  food  in  the  alimentary  canal  is 
accomplished  mainly  by  the  secretion  of  organic  ferments  or  enzymes: 
colloid  substances  of  unknown  composition,  whose  presence  accelerates 
chemical  changes.  Commercial  ferments  are  more  or  less  purified  ex- 
tracts, rich  in  protein,  and  dried  or  preserved  by  glycerin. 

Our  knowledge  of  the  nature  of  ferments  if  very  incomplete.  Like  colloidiv,  ihey 
possess  electric  charges  (Michaelis,  1909).  Emil  Fiichcr  found  their  action  on  sugars 
to  depend  on  their  optic  activity.  Several  workers  have  shown  that  llie  cicax'age 
ferments  may.  under  proper  conditions,  produre  synthews  (Ta>*1or,  1904).  The  term 
"fermentation"  is  derived  from  fermentum.  leaven;  and  this  probably  from  fcrven, 
to  boil.     It  was  originalty  applied  to  all  effervescence. 


7EKI1ENTS   AND   NUTRIENTS 


97 


» 


I 


Conditions  of  Action  and  Deterioration. — The  digestive  ferments  are 
cally  adapted  to  the  hydrolytic  cleavage  of  the  various  food  products 
^  olylic,  proteolytic,  lipolytic,  ttc).  Their  activity  is  greatly  influ- 
mced  by  various  conditions,  especially  by  tcmperalurc  (40°  to  45**C.  being 
optimal  for  mammalian  ferments);  by  acid  or  alkaline  reaction;  by  salts, 
etc.  Solutions  are  quite  unstable.  They  are  destroyed  rapidly  about 
SO*C.,  immediately  by  boiling  and  more  >jradua!ly  by  any  excessive  con- 
ditions, and  by  putrefaction.  Pepsin  is  much  more  resistant  to  destruc- 
tion than  tr>'psin,  but  both  deteriorate  even  in  neutral  solutions,  trypsin 
often  in  a  few  days.  Dilute  watery  solutions  deteriorate  quickly  even  at 
ordinary  temperature;  and  even  dry  "pancrealin"  h  unstable  (Long  and 
Muhlmann,  lyu).  Pepsin  can  also  be  completely  destroyed  by  shaking 
(Shaklee  an-l  Meltzer,  iqoq). 

Incompatibilities. — Solutions  of  ferments  arc  therefore  incompatible 
with  excess  of  acid  and  alkali  (Long  and  Muhlmann.  igi4)  or  sails;  with 
many  antt'*cptics;  with  excess  of  alcohol;  and  with  all  protein-precipitants. 
Pepsin  in  neutral  or  alkaline  solution  is  destroyed  by  sodium  chlorid 
(W.  H.  Hamburger,  1915). 

Mixtures  of  fennetUs  digest  each  other  more  or  less  rapidly  according 
U>  thdr  reaction.  Pepsin,  in  the  presence  of  weak  acids,  destroys  trypsin 
and  amylopain  completely;  but  trypsin  has  little  effect  on  pepsin  under 
(nitaary  conditions  (Long  and  Muhlman).  "Compound  Digestive  F.IiJt- 
trs,"  supposed  to  contain  (wpsin  with  pancreatin,  etc.,  are  therefore  prac- 
tically worthless  (J.  A.  M.  A.,  11)07.  v.  4S,  p.  4;,4). 

Administration  of  Fennents  in  Digestive  Disorders. — This  has  not 
nabzed  the  early  expectations,  one  reason  being  that  digestive  disturb' 
intcs  arc  rarely  due  to  deficiency  of  ferments.  It  is  also  difhcult  to  ad- 
loinislcr  ferments  so  that  they  could  develop  ihcir  actions.  This  is  prob- 
ably possible  only  with  pepsin  and  perhaps  with  diastase.  The  latter,  i/ 
thiiroughly  mUed  with  food,  could  act  in  the  fundus  of  the  stomach  for 
tn  hour  or  so  (Cannon)  before  the  mass  becomes  acid  (Gruetzner,  1005). 
H  a  almost  inconceivable  that  trv-psin  should  reach  the  intestines  un- 
diu^,  since  it  would  certainly  be  exposed  to  the  digestive  action  of  the 
KUtric  juice.  However,  there  are  some  data  which  suggest  that  the 
idministration  of  fresh  pancreas  by  mouth  improves  the  absorption  of 
fuand  proteins  in  dogs  deprived  of  natural  pancreatic  secretion  (Sand- 
■^yo".  1895;  Pratt,  IQ09).  The  action  of  papain  is  too  feeble  at  body 
Impcrature  to  ricser\"e  consideration. 

PepMn  and  possibly  diastase  may  therefore  have  a  limited  value  in  a 
few  cases;  but  little  could  be  expected  from  tlie  other  ferments.  Appar- 
oilly  favorable  results  may  often  be  explained  by  the  other  treatment 
with  wlijch  they  are  usually  combined. 

Other  Uses. — A  more  rational  field  for  ferments  is  in  the  preparation 
'^  prcdigcsted  foods,  especially  for  rectal  alimentation.  Rennin  and 
P<p>in  are  used  for  curdhng  milk.  Pepsin  has  been  employed  to  dissolve 
*fiphlhcri!ic  membranes.  Trypsin  injections  were  tried  against  cancer 
U  B<-ard,  1005:  Shaw-Mackenzie,  igo6),  but  proved  disappointing.  They 
Ptj^uce  loc^  lesions  anH  toxic  effects  resembling  pe]>tonc-poisoning 
(Kirchfaciro,  191 1).    Papain  and  takadiastase  act  similarly  (Kirchheim, 

^Wweswoa  Injection  of  Fermeala.^Thb  produce*  towc  symplaras  rearmbling 
■**'  ot  AlbumoM^  ([lildebratiilt,  i8qo).  Smaller  do-XA  give  rise  Ui  the  lormation  of 
9*i6c  utibodies.     Xormal  scrum  and  other  oadve  proteins  arc  tlto  markedly  n;- 
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sistant  to  protolytic  fcrincnts  (Ixvcne  and  Stookey.  1903).  This  reiustance  is  de- 
»troy«i  by  heating  to  voT.,  and  i»  connected  especially  with  the  albumen  traction 
(Cathoirt,  [504). 

PR  KPA8  ATKINS — FERMENTS 

•  Pepsinum  {Pepsin),  U.S.P.,  B.P. — A  proteolytic  extract  obtAincd  from  the  mucoas 
membrane  of  the  stomach  of  the  pij^  (or  sheep  or  calf.  B.P.).  Capable  of  digesting  not 
\eia  Ihnn  3,000  parti  ot  coagulated  egR-albumen  (U.S.P.),  (a,5oo  parts,  B.!*j.  when  the 
test  is  made  according  to  the  ofticuil  directions.  Various  procisscs  are  uw;d  in  its 
monafacturc.  White  or  yellowish  sctiles  or  powder,  slight  odor  and  ijisir;  acid  rraclion. 
Sai.  in  water  (1:50);  nearly  insol.  in  ale.  Solutions  are  inaimpal'ibU  with  alValie*, 
salts,  metals,  and  tannin.  Dose.  0.5  fJm.,  S  gr.  U.S.P.;  0.3  to  0.6  Gm.,  5  to  10  gr.,  B.P. 
Numberless  proprictar>'  preparations  are  advertised,  but  without  material  advantaev. 

Giycer.  Pepsin.,  B.P. — 10  per  cent,  of  pepsin;  i.ij  per  cent,  of  hydrochloric  acid. 
Dose,  4  to  8  C.C.,  I  to  J  drams.  B.P. 

Pepsin.  Sacck. — 1:10  of  milk-sugar. 

Li^.  Seriparus,  N.F..  B.P.C.;  Liquid  Rennet. — Extracts  of  the  fourtli  stomach  of 
calves;  used  to  (.-oagulato  unboiled  milk  (i:  100  to  300,  ^S'C,  loo'F.)  for  the  prepara- 
tion of  junket  and  whey. 

* Panrreuliniim  {PitrmHot.},  U.S.P. ;  Pancreatin. — A  mixture  containing  cnKymes, 
conflicting  principally  of  amylopsin,  trypsin  and  stcipMn,  obtained  from  the  fresh 
pancreas  01  the  hog  or  of  ttie  beef.  It  converts  not  le:^  than  75  times  its  own  weight 
of  starch  Into  sugar*.  Hovk'evcr,  commercial  piincrcitins  generally  contain  little  or  no 
proteolytic  ferment,  and  very  uncertain  amounts  of  diastase.  The  amylopsin  acts 
best  in  a  faintly  alkaline  (0.025  per  cent.  NaHCOi)  or  neutral  medium,  and  is  destroyrd 
by  very  weak  acidity  [0.006  per  cent.  IICl)  (!,ong  and  Muhlmon,  1514).  Trypsin  also 
acts  best  when  alkaline  (o.j  to  1  per  cent.  \a;COj)  but  Is  somewhat  active  with  very 
weak  acidity.  Kxc<:<l.s  in  either  direction  isdetrimenlal.  It  act«  best  on  fibrin  or  casein, 
feebly  on  cooked  albumun.  and  scarcely  fit  alt  on  raw  albumen  fLong  and  Muhlmann: 
Sugimntn,  I(ji3).  Pancre;itin  occurs  as  u  crcam-culured,  umorphuus  powder,  having  a 
faint,  peculiar  odor.     Slowly  sol.  in  water;  insol.  in  air.     Dose,  0.5  Gm.,  S  gr.,  U.S.P. 

I.iq.  Panrfeat.,  B.P,— .\n  alcohol-glycerin  extract.  Dase,  4  to  8  c.c,  1  to  2  drams, 
B.P. 

Pulv.  Pancreat.  Co..  NM"..  B.P.C. — Pancreatin  mixed  with  4  Piuts  of  sodium  bi- 
carbonate; is  used  for  the  artifirial  digestion  itj  miik  (1.5  to  500,  38  C,  loo'F.,  for  half 
an  hour). 

P.i/>iirf(.~^The  driefl  milk-juice  of  the  unripe  fruit  of  Carica  Papnya.  Extracts  are 
marketed  under  proprietary  names.  It  is  supposed  to  digest  proteins  in  add.  alkaline 
and  neutral  media;  its  activity,  however,  is  variable,  and  ulwa.vs  muchless  than  pep>in. 
The  digestion  is  more  rapid  at  80"  to  o^'C.  (Pozerski.  1909;  some  of  it*  peculiarities 
were  studied  by  Mendct  and  Blood,  iqio).     Dost,  0.1  to  i  (im, 

Extraclum  SfitlSi  (F,j(t.  Malt  I,  U.S.P, — A  watery,  pllular  extract  of  mall,  nreparcd 
at  5s''C.,  and  evaporated  at  thia  temperature  to  the  consistence  of  a  thicx  honey. 
Contains  i/iiiifoif,  and  therefore  digests  starch;  but  thedia»(alic  power  of  thecommerrial 
extracts  is  very  weak.'  It  is  more  properly  nutrient,  being  rich  iti  carbohydrates. 
Dvsr,  15  C.C,  hi  ounce.     Many  iiqitid  mail  rxlrmls  are  practically  strong  Ix-cr. 

ifailum,  U.S  P.;  Malt.^The  grain  of  barley,  llordcum  sativum,  partially  germi- 
nated urtidciaHy.  and  then  dried  at  a  temperature  not  exceeding  SS"^-  ^*  '*  capable 
of  converting  not  less  than  live  times  its  weight  of  starch  into  sugars. 

Diasldsiim,  U.S.P.;  Diastase. — X  mixture  containing  amylolytic  enzymes  obtained 
from  an  infusion  of  malt.  It  converts  not  less  than  fifty  times  its  weight  of  potato  starch 
into  sugars.  A  yellowish -white,  amorphous  powder  or  in  translucent  scales;  odorless 
anH  tasteless.  Hiastase  gradually  loses  its  amylolytic  power  on  keeping;  is  diminished 
by  the  presence  of  aiids  or  alkalies,  Sol.  in  water;  almost  insol.  in  ale.  Dose,  0.5 
Gm..  S  gr.,  L'.SP. 

Diastalic  ferments  are  also  obtained  from  other  sources,  animal  and  vegetable; 
Taka  di.i<.ta.se,  for  instajice,  from  a  Jafunese  mould.  Their  diastatic  action  is  also 
weak  and  unreliable.* 

LACTIC  ACID  FERMENTS 

These  were  introduced  by  Mctchnikotl.  with  t^ic  idea  of  acidifying  the  intestiDCS, 

-•"I  rSc^by  preventing  intestinal  pulref,ictiun,  which  he  held  responsible  for  premature 

'.     Twy  had  only  a  brief  popularity.     Kvcn  if  the  theory  of  old  age  were  ac- 
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opted,  there  is  no  evidence  that  these  organisms  check  intestinal  pjtrefacttoa.  To  the 
^u«lnlty.  ll»c>-  UBUiitly  succumb  to  the  putrefactive  bacteria.  The  commercial  prep- 
irKtions  weie  uf  uiut-riAin  <.'i>mpo»ili<in  (lU-incmann,  iQOgJ.  The  more  reliable  are 
luted  in  N.N.R.  MttchiiikuQ's  Bacillus  liulgaricus  in>  in  no  way  »upt:rior  tu  the 
Strqrtococcus  lacticus  which  produces  the  ordinary  liourijiji  of  milk.' 

MEOICUfAI,  FOODS 

limitations. — The  administration  of  food  in  the  gttise  of  medirine  Is 
sometimes  advantageous;  bui  medicinal  foods  are  subject  to  the  ordinary 
law  of  dietetics,  and  therefore  can  not  accomplish  the  wonders  which  are 
often  claimed  for  them.  The  proprietary  foods  have  been  enormously 
overestimated,  and  therefore  have  probably  done  more  harm  than  good. 
The  ultimate  value  of  any  food  depends  mainly  on  the  amount  of  calories 
wbich  it  can  yield,  and  on  its  supplying  at  least  a  minimum  of  proteins. 
In  these  respects,  the  medicinal  foods  are  all  inferior,  for  they  can  not  be 
administered  practically  in  sufficient  (|uantity  to  supply  the  needs  of  the 
body.  TTiey  have  a  place  as  adjuvants  to  other  foods,  permitting  the 
introduction  of  more  food  than  the  patient  could  otherwise  Ih'  induced  to 
like  This  may  be  needed  for  superalimentation;  when  digestion  is  low, 
ts  in  fevers  or  convalescence;  or  to  tide  the  patient  over  some  temporary 
crisis,  .\side  from  the  special  diabetes  foods  and  cod  liver  nil,  their  value 
is  largdy  psychic.  The  better  medicinal  foods,  it  is  true,  are  free  from 
indigestible  portions,  and  are  pleasantly  flavored;  those  which  contain 
meat  extractives  would  stimulate  the  flow  of  gastric  juice;  but  all  these 
properties  are  possessed  by  milk,  eggs,  cereals  and  soups.  A  few  arc  more 
concentrated:  but  this  has  no  advantage  in  feeding  iJie  sick,  since  water 
must  be  .«;upplied  in  one  form  or  another. 

Predigested  Foods. — The  value  of  these  is  doubt/ut,  even  if  they  are 
well  utilizcii;  for  digestive  disturbances  involve  more  commonly  the  motor 
foACtions  and  absorption  than  the  chemical  functions.  The  continued 
Its  of  pn-digested  foods  often  produces  irritation.  Their  main  fiefd  is  in 
rrctaJ  ahmentation. 

DtaizUMm  al  the  Products  of  Artificial  Digestion.— tt  has  becD  riur^tioned  whether 
1^  b  u  effective  a^  th.it  of  the  products  of  natural  digestion.  Tnc  work  of  Abder- 
laldtB  ud  olhers  has  &hown  tlut  nitrogen  rquilibriuna  ran  be  maintained  in  aniniali 
« 1  diet  of  the  products  of  acid-hydrolysis  of  proteins,  if  these  are  eufficicntly  varied 
bncurea  proper  baliinre  of  the  various  amin»vacids,  etc.     (Rep.  C.P.C,  1912). 

Arimala  with  their  ijij^ntive  canal  eadsed  can  be  kept  alive  by  intravenous,  injeilion 
'i  unino-snd  mixtures,  but  out  by  pepioocs,  protcoM:&,  ammootum  or  urea  (HcDri()ue2 
<Jul  Amirf-iin,  i9t4)- 

D17  "PeptooM." — The  dried  product.<i  of  the  artificial  digc^tUon  of  meats,  usually 
coming  mainly  of  allHUnuscs.  Their  loitc  is  disa^m-abk-  and  they  often  cuusc 
tfrilatiuQ,  loLravenousIy  they  are  toxic,  lowering  the  blood  pressure  and  reodcring 
t^bkwd  DOD-coaf^lablc  (sec  Index),  lo  "Ercpton,"  N.X.R.,  the  digestion  hait  been 
EUriid  to  the  stage  of  amintvacida. 

UyiM  Predigested  Foods. — Ai  found  on  the  market,  these  are  flavored  solutioiu 
oWuslog  small  amounts  of  predigested  proteins  {^^  to  6  per  cent.)  atid  of  nigars  aod 
(■(^  carboh  yd  rates  (^>j  to  15  per  cent.  I,  with  li  to  ig  jH-r  cent,  ui  alcohol,  and  often 
^ UiTt  <iuantitiea  (up  to  30  per  cent.)  of  Rlycerin  (details  in  Rep.  L'.P.C,  J..\.M..\., 
«^.ii.  1907).  Tbeir  protein  content  ai  rrases  tc'^s  than  that  of  milk  i}.^  per  cent.), 
y"!  n  raerim-  value,  on  the  ba.M^  of  caloric-;,  they  arc  vastly  inferior.  Their  daily  dose 
w  la  I  JO  C.C.)  yields  but  55  to  300  calorics,  including  ihclr  alcohol;  and  this  is  only 
J>MhirtJeth  to  onr-fiftb  01  the  minimum  daily  retiuiremenf,  even  of  refttinn  patients 
''•taocalarie*.  jneldcd  by  twoqtiart«of  milk).  To  increase  their  dose  to  that  required  to 
''■t^  nutrilido  would  mmn  the  ingestion  of  ao  amount  of  alcohol  equivalent  to 
•W  * jnnt  of  whi^ky  per  day. 

Ho  Squid  food  should  be  given  corL<iidcrat)nn  un!es5  it  rontain.s  exclusive  uf  alcohol 
ttd j^jrctrio,  at  least  as  much  food  value  as  milk;  and  at  least  one-fourth  of  this  should 
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be  in  tho  form  of  nitrogenous  constituents.  Those  compl>-ing  with  thi&  requirement  art 
enumerated  in  X.N.K.     £vcu  thc^  cun  only  be  considered  as  adjuvants  and  vchiclK. 

Meat  and  Beef  Juices. — When  prepared  cKtemporancau^ly  by  expression  uf  frc»h 
or  siigKUy  broiled  meat,  these  contain  from  3.5  to  0  per  cent,  of  coagulable  proteiiu, 
and  3  to  4  per  cent,  of  other  proteins  and  nitrogenous  extractives.  They  have  there* 
fore  a  moderate  value  as  sources  of  nitrogen.  The  commercial  preparations  are  supposed 
to  be  concentrated;  in  fact,  however,  they  are  very  infirinr,  cnntaininK  but  01  lo  i  per 
cenL  of  coagulablc  proteins;  others  arc  reinforced  by  the  addition  of  dctibrinatcd  blood, 
suRar,  glycerin,  etc.,  which  arc  of  doubtful  utility  (Rep.  C.P.C,  J.A.M.A.,  Nov.  so, 
iqooK 

Bouillon  and  Meat  Extracts. — Bouillon  (beef-tea)  is  pnrpiired  liy  boiling  meat  with 
water;  the  extracts  by  evaporating  the  solution  to  a.  semisolid  consistency.  The  co- 
Bgulablc  proteins  arc  removed  by  tbU  process,  the  extract  containinj;  the  salts  of  the 
mrut,  tlic  flavoring  substances  and  mcLt  bii5es  (xanthin  and  creatin  products)  and  a 
certain  .innnunt  of  non-coantulable  protein,  in  the  form  of  gelatin,  albumcwes,  etc.  fn  tha 
small  amounts  in  which  they  are  u&ed.  these  preparations  contain  a  very  insignifianit 
qucHlity  iif  HitSrhnent.  They  are.  however.  T\ilnnbU  .11  Uimui'inls.  They  owe  Iheir 
action  largely  to  the  odoroua  principles  which  they  contain,  and  which  arc  excellent 
stomachics  {WolfT,  iijw). 

The  potasi^ium  «albj  have  also  been  invoked  to  explain  the  action,  it  being  claimed 
that  they  stimulate  the  heart  in  moderate  doses  and  paralyze  it  in  largo  doses.  But 
tbc  do«e  required  to  produce  the  former  effect  tt^  very  much  larger  than  vrould  be  admin- 
istered in  beef-tea. 

Beef  extracts  of  the  Liebig  type  (pasty  consistency)  contain  60  to  80  per  cent,  of 
solids,  of  which  3  to  18  per  cent,  arc  soluble  proteins,  i  to  5  per  cent,  insoluble  proteins. 
13  to  15  per  cent,  meat-bases  and  13  to  jo  per  cent.  a«h  (KfcOill,  1809).  They  arc  used 
lo  flavor  soups,  etc. 

Insoluble  Meat  Powders. — Tropon,  Sozon,  etc.,  are  employed  to  thicken  aoups. 
Their  uicfutntss  is  ver>-  limited. 

Casein  Powders.— Include  nulrose,  N.N.R.  (sodium  cascinate);  aitd  some  adwr* 
Used  to  the  public  with  most  cxlravaganl  claims  (S&natogcn,  J.A.M.A._.  May  6,  1911, 
etc.}.  It  is  ditVicuU  to  understand  in  what  ways  these  could  bu>  superior  to  ordinary 
cottage-chccsc. 

Dextrose,  V.N.R. — Prepared  artiticialLy  by  the  action  of  dilute  acids  on  starch; 
is  sometiniL-s  used  us  nutrient  (lo  iSo  Gm.,  6  ounces  duily);  and  :is  an  addition  lo  saline 
infusion  liijuids  (0,1  per  ccnt.l. 

Rapidity  of  Oxidation  of  Sugars. — In  man.  the  rcsi>iralor;t'  quotient  shows  that 
^tcharo^e.  lactose.  Icvulose  and  taciose  begin  to  be  oxidized  within  five  or  ten  minut^a 
after  their  ingestion.  With  glucose  and  maltose,  oxidation  begins  only  after  20  or  30 
minutc&  (HiKgins,  1916). 

DIABETES  FOODS 

Gluten  flours  should  be  practically  free  from  carbohydrates;  but  many  are 
fraudulent  (J..\...M.A.,  1913,  60  iqjj;  Street,  1913).  Those  acceptable  are  enumerated 
in  N.N.R.     Other  '■Diabetes  Flours"  consist  of  casein,  etc. 

Lemlose,  M.N.K.,  and  inulin  are  sometimes  tolerated  better  than  other  sasars. 
(v.  N'oorden.  ii>(0;  OoudLierg,  lyijj;  but  iIk  diflerence  is  usually  not  important.  In 
ptmcreatii'  diabetes  and  phosphorus  glycosuria  the  levultMc  is  d(-po&tted  as  glycogen, 
whilst  dextrose  l-s  not  (L.  Xeulwiuer.  igog).  11.  R.  I^wisand  l-rankel.  1914. conclude 
that  inulin  is  quite  u-v.'lcs3.  It  is  not  digested,  although  some  is  burned  by  the  inli-stinal 
bacteria.     N'one  H  convprted  into  ulili/.ab1c  carbuhydralr,  even  in  phlorbizin  animals. 

Grafc.  1914,  fmds  promising  results  with  caramelized  sugar.  It  is  all  absorbed  and 
completely  tolerated  even  in  severe  diabetes,  it  duc^  uut  incrca^  (he  blood-ftugar, 
and  the  respiratory  quotient  sJiows  that  it  is  utilized  in  tbc  diubellc  as  well  as  normal 
ofguiiam. 

Uanoit  is  also  ccnploycd  as  sweetener,  bnng  assimilated  without  causing  glycosuria; 
doses  above  }o  lo  30  (im.  .ire  L-iKative.  (For  normal  asjimiUtion  limits  ot  various 
carbohydrates,  see  Madcod.  lotj  and  1914;  Jacubscn,  1913.) 

Hediosit,  N.N'.R.— An  artificial  sugar,  the  lacton  of  a  glucohcplomc  acid;  wus  inlro- 
duL-ed  by  Koscnfeld,  roi  1.  as  aw«-ctcning  agent  and  (ood.  liul  has  (ailed  to  rrsHze  the 
original  expectation.  When  administered  by  mouth.  2$  to  Ss  V"  cent.  U  excreted  un- 
changed by  the  urine  and  feces.  Tlie  fate  of  the  remainder  has  not  been  cs.tabli»hcd. 
Large  doses  produce  diarrhea  and  other  digestive  disturbances.  Its  excretion  i» 
diminished  in  nephritis,  resulting  in  retention  (Kuhidu,  1913;  Kramer,  191J;  LcDcU 
1914). 
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Jsmhttl. — Thefruit,leaf,  or  bark  of  Syaycium  JambuJana,  Eastern  .\si«.  IlcontoinH 
u  cMcntial  oil.  tamtiii,  and  probably  a  fflucosid.  It  hns  been  nxummcuded  in  diabetes 
pcUilns  in  doses  of  0.3  to  0.5  Gm.  of  the  fruit  (5  to  8  grains).     Efficiency  doubtful 

COD  LIVER  OIL 

This  is  employed  as  nutrient  in  tuberculosis,  rickets,  ritahetes  and  other 
wuting  diseases.  It  has  a  very  high  food  value,  a  tablcspcMnful  yielding 
about  130  calorics. 

Animal  experiments  support  the  clinical  conclusion  that  it  favors 
nutrition  and  growth  more  than  other  (als.  The  reasons  for  this  superior- 
ity are  obscure,  but  it  is  not  shared  by  fat-free  extracts. 

The  oil  may  cause  distaste,  eructations  and  diarrhea.  These  are 
tiJlcn  avoided  by  starting  with  small  doses,  gradually  increased.  It 
i^  generally  administered  two  hours  after  meals.  Indigestion  and  fever 
conlraindicate  its  use. 

Superiority  over  Other  Fats.— 'Cod  liver  oil  was  adopted  iriio  medicine  in  the  early 
Andes  of  last  century  frotn  the  Norwegian  tlshermcn,  who  prcnarrd  it  by  very  crude 
■ahod*.  involvinf;  putrefAclion.  Thcw  oil5.  therefore,  contained  free  tatty  acids 
(Buckhctn),  1874,),  bile  constituents  (NaLmann.  1865),  cbolestcrin.  putrefactive  alka- 
hUl  (awUin,  morrhuin,  etc;  Gautirr  and  MourgcsJ,  traces  of  iudin  lahout  as  much  as 
Wlers),  and  other  impurities.  Ail  of  these  have  been  rreditcH  vrith  the-  eflccl'i;  but 
uQc  su)i4tAnccs  arc  eumioatcd  in  the  modem  sanitary  processes,  without  dccreasiug 
the  usefulness  of  the  oil;  whilst  "oil-free,"  "ta^tclesK"  extracts,  wineA,  etc,  arc  useless 
(VC-P-C.  J.A..M.A..  Oct.  9.  1009). 

rV  ea-uer  ertiulsificatinn  of  the  oil  15  probably  a  pecuh'arity  of  its  characteristic 
bti,  which  arc  largely  gl>'cerid3  of  jecoleic  and  thcrapic  acids.  Lipanin  was  a  mixture  of 
(An  oil  with  6  per  cent,  nf  oleic  acid,  b,x4ed  nn  Ruchheim's  »u^estiun  that  free  acids 
wderauldincalioa.  It  has  not  cstablshcd  itscK  clinically.  The  digeilibiUiy  of  different 
uiBal  lats  is  di<icu<iied  b_y  Langworthy  and  Holmes.  t9t|.  Mottram,  1915.  attributes 
Iha  ioperiority  to  the  hitjh  percentage  of  unsaluratn]  fatty  add^  which  approaches 
■BitCKMely  the  form  in  which  fat  is  supposed  to  be  utilized  in  mcubotism 

^^>*?ff^  Inflaeoce  of  Fats  on  Growth. — 0»borne  und  Mendel,  1913  and  1914;  Mc- 
Oliirai  and  IXivis.  1913;  and  Mendel,  1915,  invesli^ati^  lhi<^  an  rats  maintained  on 
wtiidalificta  that  kept  up  their  body-wcicht,  but  did  not  allow  further  growth.  Growth 
teUDcd.  when  butter-fat.  beef-fat  rRfl-ynlk  lipoid  or  fsptcially  cod  liver  oil  were  added 
t»  tfcc  diet;  whereas  lard  and  olive  or  almond  oil  were  ineffective.  This  fat-soluble 
pVfftthpromotiQg  substance  "A"  is  wiiiely  distributed  in  plants,  occurrinf!  also  in 
woa  (McCollom,  Simmonds  &  I*it2,  ioif>,l.  Fat-fr^  extracts  of  cod  liver  oil  do  not 
AUB  IU«  spedGc  nutrient  effect  of  the  oil  (Street.  1915). 

"nuavtirth-promoting  action  of  butter-fat  is  not  due  to  contamination  with  nitrogen 
vpfcoaptionis  compounds  (Osborne  and  Wakeman,  1915).  It  is  cunficed  totheputtioa 
<iihew  with  low  meltinj;-potnt  is  not  destroyed  by  steam  (Osborne  and  Mendel,  191 5). 
*li»itnistsinbutter,  is  very  stable  under  ordinar)' conditions  of  storage  (Mendel  ana 
tiofearae,  1916).  Another,  a  waler-'golublegrowtti  promotini;  sulKilance"!)"  (Funk  and 
^(Matlum,  1914),  is  also  of  wide  occurrence  in  animal  and  vegetable  foods  (McCollum 
*iLl9i6). 

Tituiiiu. — These  arc  somewhat  analogous  but  probably  not  identical  substances, 
«•*  Cnunlenct  the  harmful  effects  of  certain  limited  dietaries.  Eykman  discovered 
»U  polynetiritis  resembling  tx'ri-beri  can  be  induced  in  fowls  by  an  c^cUiMvr  diet  of 
TMBrtl  rice.  Funk,  1911,  found  that  this  can  be  prevented  by  small  amounts  of  a 
''"Uacr  sqMnted  from  rice  polishinipi,  which  he  calls  a  vitamin.  Its  exact  nature  is 
*Bt  jn  Imown,  but  it  is  probu>ly  a  fairly  simple  substance.  .Similar  principles  can  be 
WpMrd  fnm  yeast,  etc. 


PREPARATIONS — COO  LIVER  OIL 


*OUKm  ManhM  (01.  Morrb.),  U.S.P.,  B.P,;  Cod  Liver  Oil  (01.  Jecoris  Aselli).— 
Absd  ail  from  the  fresh  livers  of  GqHiis  itorrhua  and  other  species.  Occurs  as  a  pale 
pn*  thia  oil.  having  a  peculiar  fishy,  but  not  rancid  odor,  and  s  bland  fishy  taste. 
■^tbicUoft  on  exposure  to  aic.     Dose,  10  cc,  2>j  drams,  U.S.P.;  4  to  15  cc,  t  to  4 
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•  Emtilsum  Olei  MorrkHa  (Emul.  01.  Morrh.).  V.S.P.  -A  50  per  cent.  cmuUioD, 
made  with  acatia,  swt-ctened  wilh  syrup  and  Attvurrd  with  wintergreen.  Dose,  is  cc, 
4  drams,  U.S.P. 

PARENTERAL  ALIMBNTATION 

Rectal  Feeding. — This  becomes  necessary  when  alimentation    by 

mouih  is  inadmissible.     However,  only  sugars  are  well  absorbed  by  this 
channel;  fats,  undigested  prolems,  milk  and  casein  pooriy. 

The  absorbability  may  be  increased  by  p&ncrcatic  prcdigestion  (Reach,  1901). 
Even  will]  pcotunizcd  milk,  the  uvcrufie  daily  absorption  of  lutrugcn  is  only  1.14  Cm., 
I.e.,  pmcticalfy  insifftiiiiicant  (.Xdlcr,  iqt.s).  The  absorption  o(  fats  from  enemas  is 
negligible  (Nnk.-L'vliini.i.  11)14).  Judged  bv  the  lu-inary  nitrogen,  pracliially  no 
protein  u  absorbed  from  milk  or  eggs,  unless  the  peptonization  is  carried  to  the 
amiuo-add  stage.  Dextrose  is  well  al»orbed  and  utiliMd,  being  capable  of  dimini^hinK 
acctonuria  (Uergmark,  1913). 

Rectal  alimentation  sulTiccs  for  only  a  limitetl  time,  varying  with  the  previous  con- 
dition of  the  patient,  especially  as  regards  adipose  tissue.  The  food  is  introduced 
into  the  rectum  in  Ihcformof  cnemata.  These  must  be  made-  a^  non4rritant  as  possible; 
i.e.,"tliey  must  not  be  too  concentrated.  They  must  he  warmed  and  injected  very  slowly 
ia  small  ouanliUcs  of  6  to  8  ounces  (lOO  c.c.)  at  each  injection,  repeated  at  intervals  of 
six  to  eigrit  hours.  The  constituents  must  of  course  all  be  in  the  liquid  form.  The 
best  medium  \s  railk.  pancrcatized  for  twenty-four  hours,  with  5  per  cent,  of  dextrose 
added  (Hy waters  and  Short,  iyi3);aiid  in  this  the  sugar  probably  pla>-s  the  main  part. 

Small  enemas  arc  carried  by  antiperisCalsis  to  the  cecum,  but  not  into  the  ileum; 
with  larner  injVclinns,  some  of  the  material  passes  into  the  small  intestine  (Cannon). 

Subcutaneous  Feeding. — The  h>7>odcrraic  injection  of  nutrient  solutions  has  been 
tried  vnX\\  limited  success,  Prxtrosc  has  given  the  most  promising  results.  Even 
large  doses  arc  wctl  utilized  and  have  no  detriment.-il  effects  on  nilrogrci  metabolism 
(UnderhilL  and  (Jlos:>on,  1906;  Bcrcndes,  1911);  but  are  capable  of  dlmiiiishing  ace- 
tonurla  (Bergninrk,  1915).  Only  a  small  propurliun  is  excreted  Into  the  alimentary 
tract  (Kleiner,  igi  0.  A  s  per  cent,  soluli^nn  may  be  given  under  the  skin,  or  to  per 
cent,  intravenoudy,  up  to  t.ooo  c.c.  per  day  {Kausch.  1911). 

Siicckarose  is  partly  utilized  (Mendel  and  Mitchell.  1905;  about  one-third,  JapeUi 
and  d'Errico);  but  mainly  cKcretcd  unchanged  (Mendel  and  Kleiner,  1910;  Hciiaet, 
tgii).  It  is  not  available  for  feeding  (Mendel.  1914).  Koehmaon,  1915,  claima 
thai  the  blood,  after  intravenous  saccharose  injections,  sometimes  develops  ferments 
that  Invert  it  to  dextrose  and  lc\-ulo5c,  and  even  convert  these  into  lactose.  Abder- 
halden  and  Brnhm  «u(;j;est  that  Che  iitiltzalion  may  he  explatnefl  by  partial  excretion 
into  the  alimentarv  canal,  where  it  is  converted,  and  reabsorbed  in  usable  form. 
Lactose,  dextrin  and  glycogen  are  also  not  available.  In  normiil  animals,  lactose  in- 
jected into  the  blood  disappears  rapidly  into  the  tissues  nnd  urine;  after  nephritis  or 
in  nephrectomized  aoimab.  it  is  fetaiut-d  in  the  blood  C'-^^  Schwaiz  and  Pulay,  lO'S)- 

OtI  can  be  utilized  hypoilcrmicallyi  10  to  too  fim.  per  day  of  olive  oil  being  slowly 
injected  with  tlie  same  technic  as  is  used  for  the  injection  of  antitoxic  serums.  The 
absorption,  however,  is  so  slow  that  these  injections  are  aEraost  worthless  (Wintemitz, 
1903;  Henderson  and  L'rofult.  1905). 

Litraveoous  Feeding. —  This  has  bee^n  accomplished  sucres-sfully  in  animals,  by  a 
mixture  of  protein — cleavase  products,  dextrose,  sodium  acetate  and  salt^  (llendriqucz 
and  Anderson.  1913I.  Scrum  protein  is  well  utilized  {.Vuslin  and  Eiscnbrey,  191a), 
but  the  dangers  (anaphylaxis,  etc.)  preclude  its  clinical  use  as  nutrient. 

Fat  in^^oduccd  In  emuhiun  intravenously  is  abu  burned  (Murlin  and  Kicht,  1915); 
and  so,  of  ccurse,  is  dextrose. 
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Deflnitioii  o{  BmoUlents  and  Demulcents. — These  are  drugs  which 
soften,  "relax."  protect,  and  "soothe"  the  parts  to  which  they  are  applied; 
in  other  words,  drugs  which  leivsen  irritation.  The  term  emollient  is  re- 
stricted more  to  those  used  on  the  skin.tfcwiiicfJt/  to  those  applied  to  mucous 
membranes.     No  very  sharp  distinction  can  be  drawn  bctweea  these,  and 
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many  belong  to  both  classes;  but,  as  a  rule,  the  fats  are  used  as  emollients, 
the  gums  as.  demulcents. 

These  substances  lessen  the  action  of  all  chemic,  mechanical  or  bac- 

■teriai  irritants;  diminishing  pain,  retlexes,  catarrh,  and  all  manifestations 
of  irritation.  They  also  delay  and  diminish  absorption,  particularly 
from  the  stomach,  but  also  from  the  intestine,  subcutaneous  tissue,  etc. 
In  this  way  they  diminish  the  systemic  effects  of  absorbable  poisons,  whilst 
thev  prolong  their  local  actions. 

Mechanism  of  Action. — Colloids  and  fats  are  practically  indifferent 
and  inabsf>rlmblc  for  cells,  so  that  they  do  not  produce  any  direct  effects 
on  them;  but  through  their  adhesive  character,  they  form  an  extra  cover- 

Iing  to  the  surfaces  to  which  they  are  applied,  and  thus  hinder  the  access 
of  irritant  agents.  Their  action  consists,  therefore,  in  mechanical  pro- 
tection, and  is  strictly  local.  Fine  insoluble  adhesive  powders  (talcum, 
bismuth)  act  similarly. 
Es ^amatiiin. — The  oiU  prc%-cnt  the  penetration  o(  wElcr-solublc  substances.  Ihe 
gttuu  that  of  tils  and  re5in!i.  Gumn  .iNo  lesKcn  the  effects  of  cryiitalloidfi,  aithouRh  they 
(Id  not  impede  their  dilTusion.  They  produce  this  elTcct  by  incrc.-t»ng  the  vtsddity 
of  the  scdution,  thereby  interfering  with  its  transporlation  (vnn  Tappciner.  tijoa). 
AAofption  probably  alsfj  plays  a  part,  for  dissolved  suhslance^  are  condensed  on  (he 
■BlfiCM  of  nne  powders  and  Ihim  removed  (mm  the  solution. 

One  see*  ii  oeautilul  illustration  of  these  facts  in  the  natural  lubricants  of  btnly- 
ceveria^  WhiNt  iIr-  skin  is  nf>rmally  cnvcrrd  with  a  lliin  I.iyrr  of  nil.  the  mera- 
boius  of  the  interior  of  the  body  arc  moistened  with  mjcu.s,  which  h  a  typical  gummy 
dnnulcenl. 

Broollient  I>n2gs. — These  comprise  the  true  fats  and  oils  (glycerids 

<rf  faiiy  acid^l,  woolfat,  petrolatum,  and  glycerin.    They  are  employed 

taamly  on  riternal  surfaces,  to  soften  and  protect  the  skin,  ulcers,  burns, 

xaA  other  supenicial  wounds;  as  vehicles  (salves)  for  the  application  of 

nedicaments  to  the  skin  or,  more  rarely,  for  systemic  effects  (mercurial 

iouQciions).     Internally,  the  true  fats  serve  as  nutrients.    Larger  amounts 

than  can  be  digested  stimulate  peristalsis  and  act  as  intestinal  lubricants 

and  laxatives.     For  external  use,  the  liquid  or  semifluid  fats  (oils,  lard, 

■Dolfat.  glycerin)  should  be  chosen  if  a  deep  effect  is  desired  for  softening 

^K  tilt  skin  or  for  inunction.     The  effects  of  petrolatum  and  of  the  harder 

^P  "ctfales"  and  plasters  arc  more  superficial  and  prolonged. 

Penetration  of  the  Skin. — Oils  penetrate  the  e[)idermis  much  more 
readily  than  watery  solutions.  Rubbed  into  the  .'ikin.  they  enter  the 
Hfaaccous  glands  and  eventually  can  be  demonstrated  microscopically 
lathe  K-mph  channeLs.  True  faLs  are  gradually  oxidized  and  disappear; 
but  the  mineral  fats  remain  for  a  long  time  in  the  subcutaneous  tissue,  and 
ftas  pnvluce  chronic  irritation  and  fibrosis.  The  animal  and  vegetable 
l»u  therefore  deserve  preference  when  penetration  is  desired  (Sobieranski; 
Jwkuff:  Meyer;  see  "Ointments"  in  Index). 

hnfln  Protfaesift. — The  persistence  of  the  mineral  fats  in  the  .^ubcutaneou.^  tissue 
^Ueti  utiliecd  for  the  cnrmtinn  of  df/nrmiliex  (r.g.,  of  the  nose),  by  injectinR  sub- 
'TtfUtowly  a  mixture  of  paratitiu  meltinif  at  alxnit  40'C.  There  i.<  some  danger  of 
'^'hofiain,  isd  the  re»ulti  are  not  permanent,  the  pariffia  being  gradually  replaced  by 
*»  timie  (Ifridlaefeld,  i^to). 

Protection  of  the  Skin. — ^The  oily  emollients  and  glycerin  soften  the 
'I'lium  corneum,  and  render  the  skin  more  pliable  and  resistant  to  injuri- 
**  ^rndes.  They  reinforce  in  this  manner  the  natural  fat  of  the  skin 
•""i  prevent  roughness  and  ''cracks*'  from  wind,  cold  weather,  sun- 
^Wra,  skin  diseases,  etc. 
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Rjincidity. — Fats  turn  "rancid"  on  keeping,  especially  if  they  are  ex- 
posed to  air,  light,  and  heat,  and  if  they  contaiii  protein  impurities.  The 
change  consists  in  oxidation  with  the  development  of  free  volatile  fatly 
acids.  Rancid  fats  are  disagreeable  and  irritating,  and  therefore  unfit 
for  medicinal  use.  Lanolin  and  the  petroleum  products  are  free  from  this 
objection, 

OLIVE  on.  AND  OTHER  BLAND  FATTY  OILS  (OLEA  PIWGUA) 

f/icj.— The  expressed  oils  of  olive,  cottonseed,  almond,  sesame,  etc, 
are  essentially  similar.  For  internal  use,  olive  oil  is  preferred  because  of 
its  more  agreeable  flavor.  These  oils  are  employed  exlernaily  to  soften 
the  skin  and  crusts  in  eczema  and  psoriasis;  as  dressing  for  burns;  as 
vehicles  for  liniments,  etc.;  and  by  rectal  injection,  to  soften  fecal  concre- 
tions (i  50  to  500  c.c,  5  to  2o  ounces,  of  the  cheaper  cottonseed  oil,  warmed. 
Hertz  claims  that  oil  is  less  effective  than  water  for  this  purpose).  In- 
ternally, olive  oil  is  used  as  nutrient,  laxative,  and  in  hyperchlorhydria 
{15  to  50  C.C.,  H  to  2  ounces  before  meals).  Kennedy  and  others  ha\*e 
claimed  beneficial  results  in  biliary  colic,  using  large  doses  (150  to  500  cc 
in  four  to  eight  portions  within  three  hours).  Its  effects,  if  any.  have  not 
been  explained;  tt  docs  not  increase  the  flow  of  bale,  and  the  concretions 
found  in  the  feces  when  olive  oil  and  epsom  salt  are  given,  are  not  gall- 
stones, but  simply  soap  (magnesium  oleate). 

These  oils  are  insoluble  in  water  or  glycerin,  very  sparingly  in  alcohol, 
freely  iu  chloroform,  ether,  volatile  oils,  or  fats. 

Fats  are  useful  antidotes  in  corrosive  poisoning. 

Influence  on  Digestioa. — Neutral  fatA  allay  gai^tric  pcriiitaliusi,  diminish  gastric 
secretion  and  acidity  (Fawlow;  Cnwie  nnd  Munsor,  ji)o»;  Chiari,  1015),  and  Ifs-seo 
the  fiyl^ric  tone.  Thcv  Icivc  the  stomach  slowly  and  in  »inall  portions;  a  fatt^*  meal 
rccjuirinK  seven  Iioure  lor  complete  passage  inlu  the  duudeniira.  Tlie  diKcstibiUty  ot 
anitnAi  fats  i»  dbciused  by  Langworthy  and  llalnies,  icjis.  The  leDgth  of  gastrk 
sojourn  increaacs  with  the  melting-point  o!  the  fat,  Fcycr,  1913.  In  tie  duodenum, 
fats  check  the  gastric  dUdiiirKeiinj  stiniulate  I  he  flDWofpant^reatic  juice  and  the  evacua- 
tion of  the  gall-bUddtT  (Klcc  and  Knucpfcl.  1014). 

Subcutaneous  injections  of  fats  as  nutrients  were  proposed  by  Leul>c,  tfi^s-  They 
can  be  admiiii^tered  indefinitely  without  irritation  or  other  difturbaoce,  and  are  grso* 
ually  absorbed  by  the  lymph.  However,  the  ab*tirplion  of  plain  fats  is  too  »Iow  to 
be  of  practical  value  (Winternitx,  1903;  Y.  IlcndersoTi  and  Crofutt.  1(105).  Somewhat 
better  results  were  obtained  with  fats  emulsified  by  lecithin  (Mills  and  Congdon,  igi  i). 
The  injpftion  of  free  fatty  acids  would  be  toric.  Fats  are  also  oxidized  when  emulsions 
arc  injected  into  a  vein  (Murlin  and  Kiche,  1015)- 

Oleic  Acid  Anemia. — The  continued  H<lministration  of  large  doses  of  oleic  acid,  by 
mouth  or  hj-podermically,  to  animals,  produces  hemolysis  and  severe  anemia  (Faust, 
1906  and  1908;  Polano,  1909;  .■\dler,  ii)ii).  Smilai  euects  produced  by  the  injertion 
of  extracts  of  tapeworm  (bothriocephalu*)  are  also  due  to  oleic  acid -c holes tnin  eaters 
(Faust).  The  saturated  hi);hcr  fatty  acids  are  also  hemolytic  (Shimazooo,  iptt). 
The  hemolysin  of  bacterium  pulidum  b  oxydSmelhyl  thiol-erucic  acid,  a  typical  un- 
saturated fatty  acid  (Burckhardt,  igio). 


PREPARATIONS— FATTY   OILS 

•OUum  OHvtg  (01.  OUv.^  U.S.P.,  B,P.;  Olive  ml  (Sweet  Oil).— A  pale  yellow  or 
greenish- >t'llow  fixed  oil,  expressed  Itom  the  ripe  fruit  of  Oica  europca.  Slightly  lol. 
in  ale.     Dost,  30  c.c,  1  ounce,  U.S.P. 

Oleum  Cossypii  Stminis  (Ol.  Go5w>t>.  Scm.),  U,S.P.;  Cottonseed  Oil.-;-Fiicd  oU, 
expressed  from  seeds  of  cultivated  varieties  of  GossjiMum.  Slightly  *«l.  in  ale.  On 
account  of  its  cheapness,  it  is  cs[>ecially  adapted  for  external  use.  It  is  inferior  forinter- 
nal  admimstrati>cin;  it  can  not  be  readily  emiilsitied  or  saponified,  since  the  free  fatty 
acids  have  been  removed  in  the  process  of  puri6cation. 
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GossyptL — Feeding  with  "cottonseed  meal"  (not  the  oil)  sometimes  produces  loiuc 
cCects.  These  ate  due  to  the  gossypol.  a  cr>'stal[inc  substaacc,  lint  isolated  by  March- 
Irwstu,  iS^Q-  II  >B  soluble  In  gaaohn.  tl  inuy  be  rendered  hnrndess  by  various  oietbods 
of  cuddation,  precipitation  or  extiactkin  (Withers  and  Carruth,  1915). 

Oi.  Sttami,  U.S. P.,  B.P.;  Oil  of  Sesame  (TccI  Oil,  Bcnoc  Oil).— Expressed  from 
Meds  of  Ses&mum  indicum. 

Ot  Ariickis,  B.I'.  (Peanut  Oil). 

O/.  Amygdala  Exf^resuim  (OI.  .^m>'Ril.  Exp.)i  Ol.  Amy^.,  B.P.  (Oil  of  Sweet 
.Umond). — rued  oil  from  bitter  or  sweet  almond. 

01.  l.ini,  U.S.P.,  B.P.;  I.in.sercl  Oil — Kxprcssed  from  Mnsced.  riisagreeablc  odor, 
tjnployrd  mainly  in  vcterinan-  prncticc  and  in  liniments.  "Boiled"  oil  must  not  be 
usea.     Do^f.  30  c.c,  1  ounce,  U.S. P. 

Aeid.  (Meic.  U.S.P.,  B.P.— Mixture  of  fat  acids  conw^ting  chiefly  of  CnH»,COOH. 
VeiIowi<h  or  browni.'ih-yellow,  oily  liquid;  peculiar  lard-Uke  odor  and  laate.  Prtcti- 
cally  insoluble  in  water;  completely  mi^dbic  with  about  85  per  cent.  alcohol;solub]ein 
diloraform  and  in  fiird  and  voLitilc  oil^.  Used  a.<;  wlvcnt  for  metallic  oxids  and  alka- 
UUsk  intended  to  be  ali^urbed  from  the  skin. 

AtidMwi  Slr-ariium  lAtid.  Strar.)  I'-S  P.^Mi\ture  of  fat  acids  consisting  chiefly  of 
CitlitkCOOH  obta.incd  from  t^Utow  or  other  fats.  >Iard.  white,  or  yclIovri»h- white, 
•omcwbat  elouy,  suliJ,  odorless,  having  a  slight,  tallow-like  udor,  tastefess.  Melts 
alwvc  56''C  SoL  Id  ale  {i:ai);  almost  ioaol.  in  water.  Used  In  glycerin  supposj- 
lodei. 

'Ol.  Tkfobrt>m-ilis  (Ol.  Theobrom.),  U.S.P.,  B.P.;  tHl  of  Thcobroraa  (Cacao 
Butler). — A  yclli)wish-whitc  solid  fat  from  the  roasled  seeds  of  Thcobroma  Cacao. 
It  melu  at  the  temperature  of  the  body.  It  is  used  mainly  for  making  suppositories, 
Ukd  as  A  lubricant  in  massa^     Not  to  be  confused  with: 

OfrwRt  tutoi;  coco!M>il. — The  cxprc.'wed  oil  of  the  cocoanut,  the  fruit  of  the  palm, 
Cmk  nm  ifera.  ]l  is  a  whitish  fat,  soluble  in  alcohol,  used  e&pedatly  in  soap-making. 
OK.  Ckiuiimoog.,  B.P.;  Chauim«ugni  Oil  {Gynocardia  Oil).— .A  fatty  oil 
opmaed  from  seeds  of  Taraktogcnos  Kurtui.  Favorable,  but  temporary  results 
aiv  reported  in  leprosy.  The  action,  if  any,  is  unexplained.  l}ojf  (ural).  0.3  to 
06  cc,  5  to  to  imniras.  gradually  increA.<^d  to  3  to  4  cc,  H  to  i  dram,  U.P.  As  it 
bcsoaes  very  nauseating,  it  has  been  f;iven  hypodcrmically,  0.3  to  0.8  Gm.,  5  to 
iO  drops.  Heiser,  igt4,  advises  a  mixture  of  60  parts,  each,  of  Cbaulmoogra  and 
canphorated  oil,  with  4  parts  of  rcsorcin. 

ujectioiu  are  made  weekly.  bcf^nninR  with  t  c.c  and  increasing  gradually.  He 
■l^ns  very  cuii>tanl  impravemeni  and  sometimes  ap^iarent  cure.  The.  oil  is  hul- 
tajr.  of  greenish  color,  and  peculiar  odor  and  taste.  It  contains  iB  per  cent,  of 
Cmocardic  add,  which  has  abo  been  used  in  dose*  of  o.oj  to  a.02  Gm.  (li  to  $ 
cnins).  Power.  1015.  finds  that  the  genuine  (TaraktoKenos)  oil  consists  lais^y  of  the 
|l]pcxry1s  of  a  new  type  of  fatty  adds,  mainly  cbaulmoogric  acid,  C11H11O1. 
fsf.  Ckautmwu.,  B.P.— 10  per  cent. 


^1  These  are  employed  as  soft  ointment  bases.  They  all  have  the  in- 
^^  convenience  of  rapidly  turning  rancid.  This  is  delayed  by  antiseptics, 
^t       u  in  Benzoitmted  Lard. 


LARD  AND  SIMILAR  ANIMAL  FATS 


PR  KPAK  ATIO  N  S — FATS 


l^A4€ps  BfHSQittalits  ^.\dcps  Beaz.),  U.S.P..  B.P.;  Benzoinated Lard.— Lard  digested 
ft  Beuoia.  In  this  process  it  takes  up  a  certain  amount  of  the  latter,  and  acquires 
«*UtiMptic  and  stimulant  properties  ol  balsams,  besides  incrcasinic  its  own  keeping 
quStiou 

Jifltf,  U.S.P.;  Adsps  Prtrp.,  B.P.;  I.-ird.— The  purified  inletnal  fat  of  the  abdomen 
■  the  hug.     lufloX.  in  water;  very  slightly  sol.  in  ale;  mclt.i  between  36°  and  43°C. 

temp  Prtrparutum  (Sev.  PraT>  ),  U.S.P.,  B.P;  Suet.— The  internal  fat  of  the 
*Mtnea  of  the  sheep,  purified  by  melting  and  slrainmg. 

Sm.lttm  .  B.P. 

i^ynm.  Autf<^r,  k  sometimes  used  as  an  ointment  basis.  Since  it  can  not  be  salted 
twtliti  purpose,  it  keeps  very  poorly. 

fMhn  Animtit  Fills. — Other  animals  also  yield  fats  which  urc  popularly  supposed  lo 
**<  wcdal  advantages — dog  fat,  goose  grca.se,  etc.  There  appears  to  be  no  reason 
"Vpmrrrickg  ihem  to  the  more  eawy  obtainable  lard. 
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WOOLFAT-LANOLOT 

This  differs  chemically  from  ordinaxj'  fats  in  that  the  fatty  adds  are 
not  united  to  glycerin  but  to  cholestcrin  and  isocholesterin  and  smaller 
quantities  of  other  alcohols. 

Crude  wooUat  or  suint  was  uscfl  by  the  ancienLt,  but  was  too  disaEree- 
able,  until  a  purified  product  was  introduced  by  Lichreich  as  "lanolin," 
Even  this  has  a  rather  unpleasant  odor  and  disagreeable  sticky  consist- 
ency, but  it  does  not  readily  turn  rancid.  Since  its  composition  resem- 
bles that  of  the  natural  skin-fat,  it  was  bcHcved  that  it  would  be  more 
readily  absorbed;  but  this  does  not  seem  to  be  the  case.  Its  chief  advan- 
tage lies  in  the  property  of  forming  salve-like  emulsions  with  up  to  two  or 
three  times  its  volume  of  water,  so  that  watery  solutions  may  be  incor- 
porated with  it.  This  is  aitributed  by  Liefschuctz  and  Unna  (E.  Unna, 
igij)  to  traces  of  free  isocholesterin  and  oxycholcsterin.  It  also  emul- 
sifies other  fats  and  petrolatum.  Anhydrous  woolfat  is  too  sticky  for  use. 
It  is  employed  after  the  admixture  of  }o  per  cent,  of  water  (Hydrous  Wool- 
fat),  or  better  with  the  further  addition  of  an  equal  weight  of  petrolatum 
or  other  fat.    It  is  not  absorbed  from  the  intestines  (Bloor,  1913). 

PREPARATrONS^-WOOLPATS 

*  Adept  lAiita  Jlydrosux  (Adeps  Lan.  Hyd.)t  U.S,P.,  B.P.;  Hydrous  Woolfal  (Lan<>- 
lin). — Contains  frctn  25  to  30  per  cent,  of  water.  A  yellowish-white,  or  Dearly  white, 
oinLment-Kke  mass,  bavin;;  not  more  th&n  a  slight  odor.  MiM:it)lc  witli  about  mice 
its  weight  of  water. 

Adi-pi  /rfin.,  Ij'.S.P.,  B.P.;  Wuuirat. — The  purifurd  fat  of  the  woal  of  sheep  freed 
from  watiT.  A  llght-ycllnw,  tenacinu^,  unctuous  mn»,  not  more  than  a  slight  odor. 
Misciblc  with  about  twice  ifi  wctRht  of  water.  Sparingly  su>1.  in  ale,  readily  la 
chlorof.,  eth..  .icetune,  etc.     Mflt-^  bt-tween   (8°  and  42T.. 

PETROLATUM  AND  OTHER  PETROLEUM  PRODUCTS 

Properties. — These  were  introduced  under  the  name  of  Vasielin  by 
Chesebrough,  1871.  They  arc  obtained  from  petroleum  by  distilling  off 
the  more  volatile  products,  chilling,  purification  by  filtration  through 
bone-black,  etc.  They  consist  of  hydrocarbons  of  the  methane  and 
related  aliphatic  series.  According  to  tlie  process  of  preparation,  they 
occur  of  various  consistencies,  from  the  waxy  "paralTm"  (employed  for 
hardening  oinlmentsl,  through  the  buttery  "petrolatum"  (a  typical 
emollieni),  to  the  "liquid  parallin"  (uscdespeciailyforlaxaliveandsprays). 
The  color,  from  deep  yellow  to  almost  pure  while,  does  not  affect  the  action. 

Notwithstanding  the  chemical  dJRerence,  they  resemble  the  fats  in 
physical  character  and  therapeutic  application.  They  have  the  advan- 
tage that  they  are  chemically  indifferent,  do  not  undergo  deterioration* 
can  not  become  rancid  or  irritant,  and  do  not  react  with  drugs,  such  as 
oxidizing  or  reducing  a;^ents.     They  are  not  so  well  adapted  for  inunction. 

Liquid  Petrolatum  as  Laxative. — Mineral  oils  are  not  absorbc<l  (except 
perhaps  doubtful  traces;  Bradley  and  Gasscr,  1912);  but  are  eliminated 
unchanged  by  the  feces  (Randolph,  1885;  Hutchison,  iStjg;  Bloor,  1913). 
They  can  not,  therefore,  act  as  nutrients.  By  softening  the  feces,  they  are 
miltUy  laxative,  and  are  used  as  such  in  intestinal  stasis  (A.  D.  Schmidt, 
1005;  Lane,  1913).  Sometimes  they  do  not  mix  well  with  the  feces,  the 
oil  leaking  from  the  anus.    Occasionally  they  are  followed  by  nausea  and 
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regurgitation  (Basiedo,  1914).  Any  of  the  "liquid  paraffins"  (Pctro- 
latum  Liquidum  Album)  may  be  employed — ^Lhcrc  being  no  therapeutic 
difference  between  the  light  or  heavy  Russian  or  American  oils  (Rastedo, 
915).  Their  composition  is  perhaps  also  similar.  The  usual  dosage 
from  10  to  30  C.C.,  one-half  hour  before  meals;  or  a  single  dose  of  30  to 
60  ex.  before  retiring.  The  "light''  oil  is  preferred  for  sprays  (Wilbert, 
1914);  the  more  viscid  oils  for  laxatives. 

The  Russian  oil  is  non-fluorcscenl.  and  consists  mainly  of  naphthenes; 
the  American  oU  contains  members  of  the  methane  series,  and  is  generally 
fiuorcsccni.  The  history  ami  composition  is  discussed  in  the  J.A.M.A., 
2914,  62  :  1740;  and  by  Hilton,  1914. 

Cooipaaitioa  of  LiquJd  PetroUtnms.  —.Ml  crude  petroleum  oils  arc  complex  mixtures 
o(  bydrodrbons.  the  cumiwisilinii  varyini?  quaiitilativrly  acconJiiiK  (o  their  origin. 
llete  (tifferencM  att  eliminated  in  refining,  so  tlmt  ihc  composition  of  the  thorouRhly 
Kfincd.  colorlcis  products  b  prolmbly  >iiniilar,  whclhcr  Ihc  pniduct  h  rl^-rivcd  from 
Itsa^BA  Of  from  Anicricin  oils.  The  liquiti  pctmUtumft  consist  mainly  of  nnplithenes 
(CJlt.)  and  polynaphthenea  (C*Hn-i  and  L\Hw.4)-_  They  do  not  contain  true 
puiffiits  (C^Hi^vi);  fo  that  the  term  "PurufTm  Oil"  is  a  misnomer.  The  irritant 
oUfia  bydrocaxbons  and  the  benzenes  of  the  crude  oils  are  absent  £rom  the  refined. 
CcrtaiD  iofredients,  which  cive  the  fluorescence  and  rancJd  taste,  are  more  difGcult 
tt  eEmlnate  from  Mtroc  oiU  than  from  others  f  Brooks,  iqi6). 

CriUria  p/  Avaihbilily  -Brooks  considers  the  ph>'5ical  qualities,  the  color,  odor, 
tuu  tad  viicidity  or  specific  gravity  as  much  superior  to  all  cbemtc  tests. 


PREPARATIONS — MrNKKAL  I'ATS 

'Petroluum  (Petrolat.),  U.S. P.;  Paraffinum  MoUt  (Parall.  .Moll.),  B.P.;  Petrolatum, 
Soft  Paraf&n  (Petroleum  Jelly,  Vaselinl. — .\  purilicd  mixture  of  semisolid  bydro- 
artwii  obtained  from  pclroJcum.  An  unctuous  maw.  varying  in  color  from  yellowish 
to  light  amber,  havinx  not  more  than  a  flight  fluomcence;  without  odor  or  taste. 
IttoL  in  water;  scareely  sol.  in  cold  or  hut  ale;  frcdy  sol.  in  fats  and  fat  solvents. 
Uthing-pcoiu,  38°  to  S4''C.,  U.S.P.;  40°  to  j^b^C;  B.P.  The  color  may  be  specified  by 
*idma  "Album  "  for  white,  "Flanim"  for  yellow. 

*Ftl"Jalr,m  Liquidum  fPetrolaL  IJq),  U.S.P.;  Parag.  Uq.,  R,P.;  Uquid  Petro- 
luum.  liquid  Paraffin.— .\  miiture  of  liquid  hydrocarbons.  A  colorless,  transparent, 
dyliquuj  free  from  fluorescence,  odorless,  and  tasteless  when  cold;  iniRil.  in  water  or 
tic.  Oqu,  ts  e.c,  4  drams.  T.S.P.;  4  to  itj  c.c,  1  to  4  drams,  B.P.  Heavy  Liquid 
ftnlatmm  (plcnvy  Li(]uid  PanitTm,  Heavy  Mineral  Oil)  is  a  verv  viscous  liquid.  Light 
Ufui  Piiri^atum  (Light  Uquid  Paramo,  Light  Mineral  Oif)  is  almost  free  from 
fiKority. 

fvifinum  (IhuMfT-j,  U.S.P.;  Paraf.  Dur..  B.P.;  Parafiin,  Hard  Paraffin.— A  puri- 
fad  Bixture  of  solid  hydrocarbons.  Colorless,  or  white,  more  or  less  translucent  mass, 
without  odor  or  taslir.  insol.  in  water  or  In  ale.  Melts  at  50'  to  57°C.,  U.S.P.j  50°  to 
tfC.  B.P. 

mk  Effects  o(  Petrolenm  Prodncts.— ^itTn/tn  IPnrtJrunt  henHn).~Thc  inhabtion 
^tht  vapors  atusa  headache.  nau.Hca.  iiiddincss.  incbri:ition,  unconsciousness,  muscu- 
WtKnors,  i:on\-uUiorw,  dyspnea,  cyanasis,  and  death  (Buutti  and  iliir){I;  Wolf,  1911). 
QiOttc  poisoning  results  in  dutness,  pain  in  limbs,  trcmhlinii:.  muscular  weaknesa  and 
Mfccr  nervous  disturljances  (Rambousck),  and  pulmonary  hemorrhages  (Jaffe,  1914). 
^lyraptom-h  of  aiute  and  chronic  poisoning,  as  they  occur  in  the  rubber  industry, 
o^mcnbcd  by  Aiicc  Hamilton,  1915. 

Cownttralrd  vajxirs  cause  purely  paralytic  symptoms  in  fro)^,  but  in  Tmmifh 
tt«y  *«in  to  have  on!}'  a  weak  anesthetic  action.  If  they  arc  inhaled  to  the  eiccliuion 
•*  W,  they  will  rau^*  an  n^iphy-iiat  anesthesia.  Bcforv  ihk  wts  in  there  arc  very  char- 
■ffctirtic  ron\  uUion'  f.SolImann.  IQ04).  The  animal  struggles  violently,  then  falls 
^littiidt  and  claws  the  air  vf-ith  all  fouit,  as  if  running.  'Hic  pupils  arc  widely  dilated. 
^*iaca  ah»eot.  The  spasms  are  inte-rmitlent.  .ind  hetween  uiem  Ihe  dog  is  perfectly 
w^escmt  that  the  toes,  tail  and  eyelids  continue  to  twitch.  The  respiration  is  first 
**ilaUa,  then  wrakened.  There  li  jKiralysis  of  the  vagus,  then  a  dtprrssion  of  the 
^'^nuscle.  and  later  of  the  vasomotor  center.    Either  heart  or  respiration  may  stop 
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GasoIIn  is,  therefore,  un&uilahle  as  an  anesthetic  evtn  (or  nnimaU;  although  It  baa 
been  tried  with  man  (Felix,  iSSS).  It  is  said  to  be  used  as  an  ioloxicant.  lis  oral 
admini^lratiiin  dixrs  nut  produce  gastruenttntis.  It  is  absorbed  slowly  from  the  ali- 
mentary tract,  and  excreted  mainly  by  the  lungs  (Jafic,  1914). 

Prtrolenm  (Coal  oil). — When  pclrok-um  is  swallowed,  it  products  narcotic  effects 
simitar  to  those  of  alcohol,  with  strong  gastroenteritis.  It  is  toxic  in  proportion  to  its 
content  of  the  more  volaUk  products.  N'o  fatal  case  has  thus  far  been  reported, 
ahhnugh  as  much  as  a  liter  has  been  swallowed.  Coal  ail  applied  to  the  skin  or  con- 
tinuous handtins  of  unpuritied  panif^n  i<t  a  moderate  irritant,  and  may  lead  to  dcnnalitis 
(Joseph,  1896),  uenc  and  other  eniptlons,  and  papillomas  (see  "Tar*']. 

WAXES 

These  are  used  in  pharmacy  mainly  lo  stiffen  ointments  (as  in  cerates). 


PREPARATIONS 

Cera  Flava  (Cer.  Flav.).  U.S.P..  B.P.;  Yellow  Was.  Beeswax. — The  purified  product 
of  the  hive  bee,  Apis  mellifera.  Melts  bctw-een  da"  and  hs^C.  Sparingly  sol.  in  ale; 
sol.  in  cth.,  chloroi.,  and  oils. 

Cera  Alba  (Cer.  Alb.l.  U.S.P..  B.P.;  White  Wax.— Bleached  beeswax. 

Cetaceum  (Cetac  ),  U.S. P.,  R.P.;  Spermaceti. — A  fatty  suVistanre,  obtained  from  the 
head  of  the  sperm  whale.  Physeter  macrocephaJus.  .  Consists  mainly  ol  ester  of  cctylic 
alcohol  and  n.i1miTic  acid. 

Resini  (Res.).  U.S  P..  B.P.;  Rosin  (Colophony).— The  residue  left  after  distilling 
off  the  volatile  oil  from  turpentine,  the  concrete  oleorcsin  obtained  from  species  of  Pine. 

COMPOUND  OINTMENT  BASES 

Three  arc  survivals  of  oldt-r  formulas,  without  serious  advantage 
over  the  simpler  bases.  Typical  ointments  melt  at  the  temperature  of 
the  body. 

PREPARATIONS — COMPOUND   OINTMENT  BASES 

UngtUHtum  (Ung),  U.S,P.;  Ointment  (Simple  Ointment).— a  parts  White  Wax, 
8  parts  BcniE.  Lard. 

Unt.  Pufitff.,  B.P. — Hard  ParaO.,  37  per  cent.;  Soft  Parafi.,  70  per  cent;  Beeswax, 
3  per  cent. 

Ung.  Aq.  Ros.,  U.S.P.,  B.P.  (Cold  Cream).— Expreswd  Almond  tJKl.  thickened  with 
Spermaceti  and  ^^litc  Wax,  flavored  with  Rose  Water,  and  containing  5  per  cent,  of 
S4xlium  Borate,  U.S.P. 

Ung.  Ceta..  B. P.— Spermaceti,  20  per  cent;  White  Beeswax,  8  per  cent.;  Liq. 
ParafT.,  72  per  cent. 

Ung.  Lana  Co.,  B.P. — Lard,  40  per  cent;  Woolfat,  40  per  ceoL;  Paraff.  Obt., 
ao  per  cent. 

Ung.  Res..  B. P.— Resin,  2<S  per  ccnL;  Yellow  Beeswax,  j6  pei  cent.;  Olive  Oil, 
76  per  cent,;  Lard,  12  per  ccnt- 

CERATES 

These  are  stiffer  ointments,  containing  sufficient  wax  so  that  they 
do  not  melt  at  body  temperature.    They  are  also  superiluous  survivals. 


PHEPARATIONS- 


:erates 


Ceraium  (Cerat.),  U.S.P.;  (Simple)  Cerate— Three  partB  of  While  Wax  and  7  parts 
of  Benz.  Lard. 

Ctrat.  Res.,  U.S.P.;  Rosin  Cerate  (Basilicon  Ointment). — Rosin,  35  per  cent.^ 
Yellow  Wax,  15  per  cent.;  Lard,  50  per  cent. 
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GLYCEXnX 

Therapeutic  Uses. — This  acts  both  as  emollient  and  demulcent.  It 
is  used  to  softtn  the  skin,  to  prevent  chapping,  internally  in  coughs, 
etc  Concentrated  glycerin  abstracts  water,  so  that  the  soothing  action 
is  preceded  by  smarting.  It  should  therefore  be  diluted  with  two  or 
three  volumes  of  water  (rose  water  for  lotions).  Roth  has  shown  (with 
CalapUsma.  K.aolini),  that  glycerin  does  not  abstract  water  from  the 
inioit  skin,  because  of  the  impermeability  of  the  stratum  corneum. 

Undiluted  glycerin  injected  into  the  rectum  causes  evacuation  in  a 
few  minutes,  without  pain  if  there  are  no  abrasions  (5  to  :o  c.c,  1  to 
iZ:  or  the  official  suppository).  Similarly,  it  provokes  uterine  con- 
tractions if  introduced  into  the  cervical  canal.  Large  doses  (100  to  150 
Cm.  per  day,  in  diWded  portions)  have  been  employed  to  kill  intestinal 
trichinie. 

Phannoceutlc  Uses. — ^Glycerin  has  many  uses  in  pharmacj',  as  a 
vrhicle  and  solvent  for  salts;  sweetening  agent,  to  preserve  ferments 
i»l  vaccines;  to  keep  pill  masses  or  extracts  moist,  etc.  .■Vs  a  sweetening 
i?cnt  in  diabetes  it  \ia^  been  replaced  by  saccharin. 

HBtrigtU  r<i/»«.^'ilycrrin  has  Itern  tried  fts  a  substitute  for  corl  liver  oil.  Il  is 
tnmfaniubk  into  glycogeo  and  sugar;  but  its  nutrient  value  ts  rather  doubtful,  eince 
luyiT  quant ilie<i  IrMcn  goslrit;  &ecrelion  (L.  Kast.  igio)  and  ptovoke  diarrhea.  Like 
otto  birstiniii  u'ritAat&,  it  produces  increased  cLiminatioa  of  uric  acid  (.\b),  tgi^). 

Toxic  Effects. — These  ha%*c  never  been  reported  in  man,  but  they  occur  in  animals 
rtra  br^e  di»e»  are  j^ven,  by  any  channel.  The  symptom*  are  cunvulsanl  and  para- 
lytic. pri>bably  through  a  direct  action  of  Klycerin  on  th^  renlral  rtervoufi  system.  The 
jilowl  eorpusde*  arc  lafce*J.  espcciatly  if  the  Rlycerin  is  injected  hypodcrmically.  This 
Vpnbalilyan  osmotic  effect,  the  glycerin  remaining  far  a  time  unabsorticd,  and  in  high 
OHntnitton  al  the  place  nf  injection;  anrl  the  corpuscles  beinK  lakcd  during  their 
P^Vf  ihrough  thi&  area  f  Filehne). 

Oa  muKk^nerve  preparations,  glycerin  acts  simtUrly  tn  veratrin. 

f  PREPARATIONS — GLYCEBrN 

'Cfwrnsum  (Gl>*cerin).  U.S.P.;  (Glyrer.}.  B.P;  t;lyccrin.  Lat,(OH),.— A  liquid 
ttetiaed  by  the  bydri:)i>-si*  of  vegetable  or  animal  fats,  puril'ied  by  distillation.  Clear, 
nlorieai  Rquid,  of  a  thick,  syrupy  cooMstence,  sweet  to  the  taste.  Miscible  with  water 
■  ik.;  iiuol.  in  eth.,  chlorof.  m  oils.  Date,  4  cc,  1  dram,  U.S.P.;  4  to  8  c.c,  t  to  3 
•*iifc.B.P. 

' Sttppotilaria  Gtyterini  (Supp.  Glycerin),  CS.P.;  Supp.  Glyocr..  B.P.;  Glycerin 
^mUiiltHics. — Eaeh  «upp»sitnry  contains  3  Gm-  of  Glycerin,  solidified  by  sodium 
•inir.  P.S-P.;  70  per  cent,  of  Glycerin,  solidilied  by  Gelatin,  B.P. 

Qyuritn  are  »idulii<n»  of  medicinal   substances  in  glycerin. 


DEMULCENTS  OR  MUCILAGIWOUS  SUBSTANCES 

TTwse  comprise  gums  and  other  colloid  substances,  which  form  viscid 
wlutions  with  water,  and  are  insoluble  in  alcohol.  They  are  used  to 
anditfy  oils;  to  suspend  insoluble  powders;  to  mitigate  the  taste  and  local 
ciKtiaDd  to  delay  the  absorption  of  other  drugs;  and  to  allay  inilamma- 
•*«»  o(  mucous  membranes,  especially  in  bronchitis,  gastritis,  enteritis 
^<fi»rrhea.  The  effects  arc  strictly  local,  but  in  the  respiratory  passages 
[*y  reach  far  Into  the  bronchi.  Gums  and  proteins  (raw  eggs,  milk. 
'"")  arc  employed  for  their  protective  action  against  irritant  poisons. 
Thejrarc  also  precipitant  chcnuc  antidotes  for  metals. 
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Mucilages  and  similar  drugs  (salep,  Irish  and  Iceland  moss)  were 
formerly  considered  efficient  carbohydrate  nutrients;  bul  it  has  be«n 
shown  that  they  arc  very  imperfectly  digested,  and  for  the  most  part 
eliminated  unchanged  by  the  feces  (Mendel.  igo8;  Swarlz,  1911). 

Demulcents  as  FUvors. — (lums  and  similar  substances  markedly  diminish  the  char- 
actemtic  taste  uf  all  substances,  add,  salt,  and  sv^cct,  ns  well  as  bitter.  Tbey  act  by 
enveloping  the  substance  and  formint^  a  prolcirtive  layer  over  the  mucous  membrane. 
and  in  thi3  way  preventing  the  acce«^  of  the  aubstancc  to  the  taste  organs.  This,  of 
course,  diminiiiiies  absorption  as  well  lis  taste.  One  can  vm-  readily  wnvince  himself 
of  this  "  corrective"  action  by  mixing  a  i  per  cent,  solution  of  dtric  acid  with  water  and 
with  a  ihin  starch  paste.  The  latter  uHll  taste  ver)*  much  less  9»ur.  Colloid  substances 
of  this  kind  are  present  in  fruitaas  pectin  bodies,  and  have  a  very  marked  intluence  upon 
their  taste.  The  raspberry,  fur  Inslancr,  actually  contains  more  acid  than  the  currant 
and  but  little  more  sugar,  its  less  sour  taste  being  due  to  the  greater  amount  of  these 
|iectin  substances  present  in  it. 

PRKPAHATIOKS^ — -GUMS 

'Acaaa  (.\cac.),  U.S.P.;  Acadie  Cammi  (.\cac  Gum.),  B.P.;  (Gum)  .\cacia  (Gum 
Arabic.  Gum  SeneKal). — The  dried,  Kwmmv  exudation  of  Acacia  Senegal,  and  of  other 
African  species  of  Acacia.  More  ur  less  spfieroidal  tears,  or  angidar  fragments;  whltiah 
to  light  arabcr  colored;  translucent;  very  brittle;  nearly  inodorous;  taste  insipid.  muc5- 
laginou!^.  Insoluble  in  ale;  slowly  soluble  in  twice  its  weight  of  »vatcr,  forming  a  mud- 
laginojs  liquid,  which  is  acid  to  litmus.     Incompalibk  with  ale,  borax  or  metallic  lyilts. 


Mitdlogo  .^t'ic^a■  [Mucil.  Aoic),  U.S.P.,  B.P.;  Mucilage  of  .\cac»a.^35  percent., 

in  cold  water.     Dose,  15  cc,  4  dranut,  V 
Syr.  Ache.,  U.S.P  —10  per  cent. 


U.S.P.,  40  per  cent.,  B.P.,  dissolved  in  cold  water.     Dose,  15  cc,  4  dram.4 


35  per  c< 
,  U.S.P. 


Gum  lad..  B  P. — .\  gummy  exudation  from  the  stem  of  .4nogeissus  latifolia. 

Mucil.  Gum.  Ind.,  B.P.— 25  per  cent. 

*  Tragiicdntha  (Trag.).  U.S.P.,  B,P.;  Tra^cinlh. — The  spontaneously  diied  gummy 
exud.at.ion  from  the  stems  of  Astragalus  species.  Swells  in  water  to  a  gelatinous  mass, 
witliuut  dissolvinji-    Used  in  pill  cxtipicnli.  emulsions,  etc. 

hfiuU.  Iran..  U.S. P.,  B.P.— 6  per  cent,  in  diluted  glycerin,  U.S.P.;  1.25  per  cent,  in 
water,  B.P. 

Gtycer,  Trag.,  B.P. —  so  per  cent. 

Puiv.  Tfijg.  Co.,  B.P. — Tragacanth.  Acacia,  Starch  and  Sugar.  Dose,  0.6  to  4  Om., 
10  to  60  gr..  B.P. 

Dextrin. — Prepared  by  heating  gt.irch  with  nitric  add.  Presenbt  all  the  duu«cten 
of  gum  arabic.  and  forms  the  ])rincipal  Ingredient  of  fommercial  mutUages.  A  good 
formula  for  ihk  is  the  following  (SyKes;i:  Alix  180  Gm.  of  dextrin  with  180  cc.  cold 
water;  add  140  cc.  boiling  water  and  lioil  6vc  minutes,  stirring  constantly.  .\dd  hot 
water  g.s.  400  cc.  When  cold,  add  jo  cc.  of  dilute  acetic  add,  10  drops  of  phenol  and 
30  cc.  of  glycerin,  previously  mixed. 


DEMULCENT  TEAS 

Drugs  containing  mucilages  are  used  as  decoctions,  ad  libitum,  mainly 
in  folk  medicine. 

FkEI>ARAnONS — DEUULCENT    TEAS 

AUIUea  U.S.P.;  Marsh  Mallow  Root.— The  root  of  Althea  officinalis  deprived  of 
the  brown,  corky  la>'cr  and  small  roots. 

Amygdjlit  Dukh  (Amygd-  Dulc),  U.SP.,  B.P.;  Sweet  Almond.— The  ripe  seeds  of 
Pnmus  .Amygdalus  dulcis. 

Emul.  .Imyj^d.,  U.S.P.  (Milk  of  Almond).— An  emulsion  made  by  rubbing  6  parU 
uf  blanched  sweet  almonds  with  I  part  of  acada,  3  parts  of  sugar,  and  enough  water  to 
make  100  parts. 

Mist.  /iwiv|(/.,  B.P. — ia.5  per  cent.     Dose,  15  to  30  cc,  H  to  '  ounce,  B.P. 

Puiv.  Amygd.  Co.,  B.P. — Sweet  ;Vlmond,  Sugar  and  Cum  .\cacb. 

Ceirariii;  Iceland  Moss,  a  Lichen. — A  gelatinous  decoction  (i  :  20)  is  prepared  after 
previous  extraction  with  cold  water,  to  remove  a  hitter  prindple. 

Chondrus,  U.S.P.  (Irish  Moss,  Carrageen).— The  dried  plant  of  the  seaweeds  ChoOr 
drus  t;n9put>  and  GigortJna  mamillosa.    Yields  a  demulcent  jelly  with  boiling  water. 


DEMULCENTS   OH    MUCILAGINOUS    SUBSTANCES 


III 


CjdMifXM.— Uoinci:  Seed. 

ftpagfmU,  B.P. — Dried  sectis  o(  Planlago  uvata.     Dose,  t  lo  lo  Om.,  45  to  150  gr., 
UJ". 

•       Dn.  Itpagk.,  B.P  —1.5  per  ceot.     Dost,  15  to  60  cc,  Hi  to  3  ounces,  B.P. 
Saitf. — The  tubers  of  aa  orcliid. 
Saita/rtu  -l/erfuWd .—Sassafras  Pith. 

Tntkitm  (Trit.J,  U.S.P.;  Agropyron  (Agri>[)yr.>,  B.P.;  Triticum,  Couch  Crass.— 
Tbe  dried  rhizome  and  roots  of  AgTop}TDn  rcpens.     Dcst,  8  Gm.,  2  drams,  U.S.P. 

FUaS.   Tht.,  US  P-:  Exf.  Agropyr.  Lig.,  H.V.—Dvse,  10  cc.  jH  diaiiu,  U.S.P.; 
floScc.  I  tA  jdracni,  B.P. 

Off.  Agropyr.,  B.P.— 5  per  cent.     Dose,  15  to  to  cc,  H  to  2  ounces,  B.P. 
Vlmmt,  U.S.P.;  Elm  (Slippcr>-  Elm).— The  hark  of  Ulmus  fulva. 


I 


GELATIN 

Dses. — This  is  employed  in  pharmacy  as  a  coating  for  pills,  for  making 
plttin  capsules,  etc.,  and  in  the  form  of  glycerinatcd  gelatin  as  a  base  for 
nppositories.  In  the  form  of  soups  and  jellies  it  is  used  as  a  nutrient, 
bong  easily  digested  and  capable  of  replacing  from  one-fourth  to  two- 
third*  of  the  protein  of  an  ordinary  diet,  especially  if  the  carbohydrates 
in  Ample  (Xfurlin,  1907).  Sulx-utaneous  injections  of  gelatin  have  been 
pvcQ  to  increase  the  coagulability  of  the  blood,  especially  in  aneurism. 
Tlieir  efficiency  ia  doubtful.  They  have  the  serious  objections  of  severe 
padn  and  danger  of  infection,  since  ordinary  gelatin  solutions  are  often  not 
ttnile,  and  may  even  carry  tetanus. 

G«UtiD  u*  Styptic— The  cHicieocy  of  {{cbtin  is  affirmed  by  some  and  denied  by 
<tm.  Kurion-0pil7,  iqo6,  fuund  that  it  Increased  thr  viMTUstty  of  the  hlood  un  intra- 
tnoM  injection.  Craunt,  igii,  claims  the  same  eflecl  hypodermlcally.  Dastrc  and 
floRBcD,  iHg;:  aod  Grau,  1910.  dcHTibe  increased  cooKulabilily  uf  tiic  blood,  lasting 
foTKveral  days.  /JtKll.  iqoi,  and  others  are  inclined  To  allribute  Oie  action  to  Ca,  (rf 
•Uck  Kclatin  contains  almut  0.6  per  cent.  The  contradictor)'  data  do  not  permit  any 
4etehe  coodusioaa.  The  Kclatin  was  orifrinalty  uMd  subcutancously  (loo  to  300  cc 
^Vtrie  t  lo  5  per  cent,  iotution.  injected  -slowly  into  the  thigh,  not  near  the  ancuriiun. 
cnn  tea  10  fifteen  days,  until  10  to  jo  injections  have  been  given).  The  treatment 
h^inU  painful,  and  may  raise  the  lempcruturc  to  lojT.  Wood  (190?)  claims  liiat  the 
phdo  u  just  as  effective,  only  somewhat  .slower,  when  given  by  mouth,  and  rccom* 
*nifa  catiOK  3  or  4  ounces  of  flavored  10  pei  (tent,  jdly,  three  limes  a  day. 


^^^I^ 


PJtEFAKATIONS — GELATtN 


'Cftoraitn  (Gelat.),  t'.S.P.,  B.P.;  Gelatin.— The  purified,  air-dried  product  ol> 
kdhv  the  bydrol>-u»  nf  aninial  tLssue<i,  as  oktn,  ligamcnt<i.  and  lxin«>  by  treatment 
*i>k  baiiinr  water.  Insol.  in  cold  water,  but  swelU  and  Mftcns  when  immersed  in  it, 
CBduDy  afaeorbing  from  five  lo  ten  times  tt»  own  weight  of  water;  Mil.  in  hot  water, 
■otic  add  or  ^iyi-'^Hn',  in«ol.  in  ale.  Watery  solutions  of  3  per  cent,  or  over  «otidify 
wcovGng.  I'rrcipilatcd  by  phenol  or  tannin;  not  by  dilute  liolutions  of  metallic  salts. 
Qdttmum  Clyi'rinatnm  (Gelat-  Glycerin.),  U.S.P. — Equal  parts  of  t^latin  and  of 
^^yoniti.    Used  for  making  boui^es,  etc 


STARCH 

Daes.— Dry  starch  is  used  as  a  dusting  powder.  By  boiling  with 
■ittf,  Klarch  is  converted  to  a  colloid  condition,  starch-paste.  This  is 
»«cdataa  emoUi^t,  in  the  form  of  the  glycerite;  in  poultices;  and  to 
*nift  tht  retention  of  enemas  (leaspoonful,  rubbed  smooth  with  a  little 
oW  *»l«T  and  poured  into  a  cup  of  boiling  water).  It  is  a  chemical  anti- 
*•*  to  iodin.  It  is  also  employed  as  a  nutrient,  especially  as  "arraw- 
'*<.^  the  starch  of  Maranta.  which  has  a  somewhat  liner  flavor  than  the 
^ifiQtl  corn  starch. 
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PREPARATIONS — STARCH 

*  Amylum,  U.S.P.,  B.P.;  Starch. — Prepared  from  mauce,  U.S.P.;  from  vrbeat,  rice 
or  maixe,  B.P. 

Glycer.  Amyi.,  U.S.P. — lo  per  cent,  of  starch. 

Glycerin.  Atnyli,  B.P. — 20  per  cent,  of  starch. 

■  Barley-u-aler  is  used  as  a  demulcent  decoction;  and  for  diluting  cow's  milk  for 
infants,  to  prevent  the  precipitation  of  stolid  cnosscs  of  casein  in  the  stomach.  It  b 
prepared  by  boiling  for  twenty  minutes  10  part5  of  washed  pearl  barley  with  150  parts 
of  water  and  straining.  (B.PX.) 

IRDIFFERENT  DUSTmC  POWDERS 

These  arc  very  fine  ("impalpable"),  insoluble,  non-irritant  powders, 
such  as  talcum,  chalk,  starch,  lycopodium,  etc.  They  form  a  protective 
covering,  prevent  friction,  abi<orb  secretions  by  capillary  action,  and  are 
therefore  drying.  Purified  Talcum  and  Terra  Siucea  are  also  used  for 
darifying  turbid  solutions. 

PKtlPAKATIONS — INDLPFERENT   DUSTING    POWDERS 

"  Talcum  Furifcalum  (Talc  Purif.),_U.S.P.;  Puri&ed  Talcum.— A  purified,  native, 
hydrous  magnesium  siHcat<-.  A  (ine,  while  or  srayisli-whitc  powder;  odorle«;5  and  taste- 
less.    Ia5ol.  in  water  o-ad  dilute  acids  or  alkalies. 

Terra  Silum  Puriju^a  (Tcr.  Sil.  Purif.J.  U.S.P.  (Purified  Kiesclauhr,  Purified 
Infusorial  Earth). — A  fono  of  silica  (SiOt)  consisting  of  the  frustules  ana  fraRmenls  of 
diatoms,  purified  by  boiling  with  diluted  hydrochloric  acid,  waahing  and  calcining. 

•  l.ycctKdium  (Lytopod.).  US, P.;  Lycopodiuni — The  spores  of  Lycopodium  dava- 
tum.  .\  light  yellow,  very  mobile  powder,  nearly  inodorous  and  tasteless.  Insoluble 
in  water. 

POULTICE  MASSES 

Poultices  or  cataplasms  are  used  to  convey  heat,  and  to  macerate  the 
skin.  A  variety  of  pa.ity  materials  may  be  used.  The  most  common  arc 
linseed,  starch,  bread  and  clay.  Linseed  poultice  is  prepared  by  stirring 
I  part  of  ground  linseed  into  3  parts  of  boiling  water,  to  which  a  little 
baking  soda  may  be  added,  to  render  it  fiuffy  and  less  irritant.  Clay  or 
Kaolin  poultice  is  much  heavier,  but  can  be  sterilized  if  desired.  The  rate 
of  cooling  of  different  poultice  masses  has  been  investigated  by  Pilcher, 
1908.  They  do  not  differ  materially.  Whole  linseed  may  be  made  into 
a  demulcent  decoction  against,  bronchitis. 


PREPARATIONS — POULTICES 

'  Linum,  U.S.P.;  L'tni  Sem.,  B,P.;  Lint  Sent.  Conlus-  (crushed  or  (jround,  '"meal"), 
B.P.;  Linseed,  Flaxseed. — The  ripe  seeds  of  Linum  usitatissimum. 

Cain plasmti  A'iw/ini.  N.F. — Essentially  a  tliitk  ma**  formed  of  about  2  parts  of 
kaolin  and  i  pan  of  glycerin,  logethtr  with  a  Httlf  boric  acid  (4S  P*'  «nt.)  and  flavor- 
ing oili.     It  is  spread  hut  in  a  thick  layer  and  left  in  place  for  twelve  to  forty-eight  hours. 

KaoliMiim,  iJ.I'.;  Kaolin. — Native  aluminum  silicate  (china  clay;  bolus  alba), 
powdered  and  freed  from  gritty  particles  by  dulriatiim.  Whni  added  directly  to  blood, 
uolin  is  hemolytic;  and  toxic  when  injected  intravenously  (Fricdbergcr and  Tsumeoka, 

1913)- 

KasltH  in  Diarrheas. — Bolu«  alba,  Ki-iUow  charcoal  and  silica  are  being  used  as 
adsorbents  in  watery  diarrheas  and  dysentery".  In  acute  bacterial  dysenter>',  large 
doses  arc  given.  45  (im.  thrcn-  limes  daily,  ulirred  into  hot  tea  (after  a  j-.reJimiiiary 
cleansing  by  ailomel).  Smalltr  dose*  sufTice  in  chronic  dvsenterj-  (Stoerk,  tQij)* 
Kns.  1Q16,  reports  good  results  from  Fuller's  earth  in  infantile  diarrhea.  It  b  casibr 
administered  in  the  food,  ur  by  a  spoon;  giving  1  to  2  Ubiespooitt  three  times  duly 
{Charcoal,  U.  Straus,  1916). 


PHKNOMENA  COMMON  TO   LOCAL  IRRITANTS 


"3 


The  appUcatioa  of  dry  Kaolin  u>  the  hom  and  throat  is  being  tried,  with  apparent 
I,  to  remove  the  bacteria  oi  dipfUkeria  canien  (Kappaport,  1916). 


k  PLASTERS 

These  serve  similar  purposes  as  emoUienls;  for  the  slow  conveyance 
ol  drugs  to  or  through  the  skin;  and  for  mechanical  support.  They  are 
somewhat  irritant,  partly  by  preventing  evaporation  from  the  skin,  and 
partly  hy  the  small  quantities  of  volatile  oils  contained  in  the  resins  from 
which  they  are  often  prepared.  The  official  plaster- masses  are  unimport- 
ant, since  the  commercial  plasters  arc  usually  made  by  private  formulas 
from  some  rubber  ntixturc.  "Court  plaster"  is  made  of  isinglass  (Ichthy- 
ocoUa),  a  variety  of  gelatin  prc*pare(i  from  the  swimming  bladder  of  the 
sturgeoiL 

PREPARATIOKS — PLi\STER  MASSES 

BmpliUtrum  Eiasticum  (Emp.  ElastJ,  U.S.P.;  Rubber  (.\dhcsive)  Plaster.— A  mtx- 
toK  oi  rubber,  pilch,  wax  and  an  abf,arb«ut  powder  (starch,  rtc),  sprwid  on  doth. 

Emfi^trttm  Rtsintr  (Emp.  Rea.J.  V.S.P.,  B.P.  {Rosin  Adhesive  Plaster).— Ltad 
iplulii  with  i-jsio  Nod  yrlluw  wax,  U.S.P.;  hard  »oap  instead  of  wax,  B.P. 

EmpLultmnt  PlunUfi {V.m^.  Plumb.),  U.S.P.,  n.P.;I.ead  Plaster  (Diachylon  PIa»ter). 
— A  soap  made  by  boiling  lead  oxid  with  olive  oil  and  lard,  U.S.P.;  with  dive  oil,  B.P. 

Emp.  Sap<mii  (Emp.  Sap.),  B.P.;  Soap  Plaster. — Similar  to  preceding,  with  greater 
proportion  o(  soap. 

MECHANICAL  PROTECTIVES 

Certain  substances  which  are  u.sed  fnr  this  purpose  may  be  mentioned 
in  this  place. 


PREPARATIONS- 


II-X-HANICAL  PHOTECTI\'ES 


*CalU)diMm  (Collod.),  V.S.P.,  B.P.;  Collodion.— A  4  per  cent,  solution,  U.S.P., 
1.1  per  cent.  B.P.,  of  Pyroxylin  (guo-cotton)  in  a  mixture  of  5  vol.  of  ether  and  1  vol- 
of  ale.  Should  be  kept  in  a  cool  pUce  rrmote  from  tire.  Clear,  or  sLishUv  opalescent. 
<ynipy  liquid;  colorless,  or  slightly  yellowish  and  ha\'ing  the  odor  of  ethri.  Uigblv 
tnJinilMble.  CoUodkto  dries  rapidly  into  a  firm  film,  which  is  used  to  protect  small 
•BVidBi.  The  ftUn  cracks  easily  mod  contracts  considerably,  exerting  pressure  on  the 
^■Mt.    Similar  sulutians  may  be  prepart-d  with  acetone  or  other  <M>lvtnts. 

'CtOcdium  fUxite  (Collod.  Hex.),  t'.S.P..  H.P.;  Hcxiblc  Collodion.- -Collodion 
mteed  Brxibic  by  the  addition  of  a  tittle  Castor  Oil  and  Camphor,  U.S.P.i  Caslor 
OB  tnd  Canada  Turpentine,  B.P.  It  does  not  contract  or  crack,  but  doca  not  adhere 
Oitt  io  welL 

tyrvxyUnvm  (P>Tox>lin),  U.S.P.,  B.P.;  Pyroxylin  ^Soluble  Gun-cotton).— Obtained 
tficliitg  on  cotton  with  a  mixture  of  nitric  and  sulphuric  acids,  Conusts  chiefly  of 
ttltdnc  tecnnilrate,  C||l[|«(0N0i}40«.  Siovvly  sol.  in  35  ftarts  of  a  mixture  of  3 
witf  ether  and  i  vol.  of  ale.  (equal  vol.  uf  go  per  cent.  ale.  and  eili.,  B.P.);  StJ.  tn 
tetoBt    Ctlloidin,  X.K.R.,  is  a  purified  form.     Ordinttr>-  gun-collon  is  a  hexaniirate. 

*GottypinM  i'urihcaium  (Gossyp.  Purif.),  U.S. P.;  (Gouyp.),  B.P.;  Purified  (Ab- 
wfcoil)  Cotton. — The  hair*  of  the  seed  of  Gossypium  hcrboceum  freed  from  adhering 
i>9wiljnanddeprivi.-d  of  fatty  matter  (so  as  to  make  it  absorbent)  and  often  sterilized. 
Caeitts  of  almost  pure  cclluloM  (C^HioUt).  Cscd  in  baDdogtng,  etc.,  either  as  such, 
«u  (*iue  (Tela,  Carbas.us),  lint  (Lintum),  etc.,  or  impregnated  with  antiseptics, 
Wiwcnu.  etc. 

CitM  Suiphas  Eiskfalus  (PtoiUr  of  Paris,  Burnt  Gypsum),  CaSO,  -f  HHiO.— 
iiae  white  powder,  which  sets  into  a  »tonc-likc  tnass  when  mixed  with  half  it»  weight 
*f  wiet.  Used  in  Imndaging.  The  "setling"  lakes  place  iii  fifteen  to  twenty  minuter. 
Il  Wr  bt  delayed  to  an  hour  by  the  addition  of  5  per  cent .  of  gl>-ccrio,  or  hastened  by 
lh«aditioo  of  Bodiutn  silicate.     Plaster  of  Parii»  mu&t  be  kept  dry. 

/ifMC  50^1)  SiiUaiii  (WaUr^ass). — A  colorless  syrupy  liquid,  of  alkaline  propertiw, 
^^aot  corrosive.  Contaiiu  about  30  per  cent  ol  sodium  silicate.  Forms  a  solid 
91^  Baas  OD  exposure.     Used  b  bandaging. 
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ActMHS  of  SodtNm  SiUcatt.— When  given  by  the  moulh  or  skin,  Ihis  acts  Ukt  s 
typical  mild  alkali  withnut  showing  any  specific  fcaturrs.  I(  h  readily  absorbed  from 
the  aJinicntiir>-  canal,  and  excreted  by  the  urine.  Injected  intravenously  it  causes 
agglutination  of  blood  cor[msck-!i,  and  consequently  intmva&cubtr  clotting.  Silicates 
are  normalty  present  in  all  tissues,  but  in  vcr>'  small  amount  (Siegfried,  i9or).  They 
arc  constantly  present  in  hairs  and  feathers  (H.  Schuiz,  1901). 


PHENOMENA  COMMON  TO   LOCAL  IRRITANTS,  CORROSIVES 
AND  ASTRINGENTS 

ITiiifonnit;  of  Irritant  Phenomena. — The  local  actions  of  drugs  are,  as 
a  rule,  simple  and  uniform,  since  they  can  occur  ordinarily  in  only  a  few 
situations,  especially  the  skin  and  mucous  membranes.  These  agree 
closely  in  structure  and  functions.  There  arc  therefore  many  phenomena 
wliich  hold  true  of  all  lociil  irritant  poisons.  These  may  be  studied  once 
for  all,  and  present  only  minor  modifications  in  individual  cases. 

Chemical  Basis  of  Irritation.— The  majority  of  local  poison.t  produce 
the  typical  phentimena  of  inflammation  ('"irritation"),  by  causing  necrosis 
of  protoplasm  through  coagulation,  liquefaction,  etc.  Many  of  these 
reactions  arc  purely  chemic  or  physical,  and  can  !>e  reproduced  in 
the  lest-lubc  with  ]>roteins.  Remembering  the  i:xlremc  sensitiveness 
of  protoplasm  to  reagents,  it  will  he  readily  understood  that  almost  all 
substances — even  walt-r— may  be  irritant  under  suitable  conditions. 

Degrees  of  Cutaneous  Irritation. — The  general  phenomena  of  irritation 
can  be  studied  very  typically  on  Che  skin.  They  are  identical  with  llie 
familiar  changes  produced  by  scalds  or  burns  of  increasing  severity. 

RubefactioiL — The  first  degree  of  irnlanl  action  is  shown  in  an  arterial 
and  capillary  hyperemia,  at  first  active,  later  passive.  This  constitutes 
the  ■"dermalitis  erythematosa"  of  the  dermatologists.  Or,  speaking 
pharmacologically,  it  constitutes  rubefaction,  and  the  agents  which  pro- 
duce it  are  therefore  called  rubefacients.  The  dilation  involves  at  first  the 
most  superficial  vessels,  but  progressively  also  those  of  the  deeper  sub- 
cutaneous tissue,  partly  directly  and  partly  by  reflexes. 

The  congestion  is  accompanied  by  sensory  stimulation— by  itching, 
burning  or  pain.  The  intensity  of  the  pain  depends  upon  the  rapidity, 
rather  than  on  the  degree  of  the  irritation.  It  is  often  succeeded  by  more 
or  less  anesthesia. 

If  the  irritant  action  does  not  go  any  further,  resolution  takes  place 
without  leaving  any  lesions,  simply  by  a  return  of  the  vessels  to  normal. 
The  jjain  may  outlast  the  congestion.  The  upper  layers  of  the  skin  are 
usually  desquamated. 

If  the  action  is  stronger  than  rubefaction,  it  may  pass  into  vesication 
or  pustulation. 

Vesication. — This  occurs  if  the  inflammator}-  action  results  in  the 
formation  of  an  exudate  greater  in  amount  than  can  be  carried  o(T  by 
the  lymphatics.  Every  hyperemia  is  accompanied  by  an  increase  of 
exudation,  but  up  to  a  certain  amount,  as  in  rubefaction,  this  is  readily 
reabsorbed.  WTien  this  limit  is  exceeded,  an  actual,  NTSible,  effusion 
results.  This  liquid  will  accumulate  in  the  parts  of  the  tissues  ufTcring 
the  least  resistance  to  distention.  In  the  case  of  the  skin,  it  penetrates 
readily  through  the  lower  layers  of  the  rete  Malpighii,  but  is  arrested  by 
the  impermeable  stratum  corneum.  It  is  therefore  confined  between  the 
upper  and  lower  layers  of  the  rete  Malpighii,  and  separates  them,  in  this 
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way  causing  blisters  or  vesicles.    The  agents  which  produce  these  aie 

called  vesicants  or  epis pasties. 

The  vesicles  appear  as  small  points  which  gradually  coalesce  into  a 

Urge  blister.     The  fluid  is  at  first  clear,  but  later  Tx-comcs  turbid  by  leuco- 
^cyles.     The  sensory  stimulation  is  stronger  than  in  rubtfaction. 
H      Resolution  takes  place  in  these  cases  without  loss  of  tissue,  by  the 
^tonnation  of  a  new  stratum  corneum  from  the  remaining  rcte  Malpighii. 

The  area  may  remain  pigmented  for  years. 

If  the  overlying  and  separated  layers  of  epidermis  are  removed,  there 

is  much  chance  of  infection,  the  lower  layers  of  the  rt-le  Malpigliii  ulTering 

but  little  resistance.     In  tlUs  way  there  may  be  a  loss  of  substance  from 

■etondary  infection. 

tSappuntire  and  InfUmnuitory  Necrosis. — If  the  vesicant  is.  allowed  to  act  after  the 
bttKcr  ba»  bccQ  formed,  thi*  iniiltRiUou  vriti  become  purulent,  with  deeper  destruction 
al  tbc  «kin,  arKj  hraling  witli  Mar  (urm.-ili<in.  This  dcgrer  of  action  should  he  avoided. 
Aseptic  Pus  Fonnatioo. — Alewdru^^  possess  a  spi*cttic  chcmotaciic  power  on  tcuco- 
Cj^lct:  so  ihal  Ihrir  injection  ['h.vpodvmiii;  or  into  serous  cavities)  leads  lo  tlie  collection 
oF  pus,  e\-en  when  awpsis  is  perfect.  Turpentine,  croton  oil,  petroleum,  mercun,',  silver 
eslnlF.  digitoxin,  cadaverin,  aleuron  suspensions,  etc.,  arc  the  principal  CTampln. 
Turpentine  alto  stimulates  the  chcmouiclic  action  of    b.  coli  estract<i  (Hamburger, 

rPustulation. — This  occurs  if  the  irritant  doM  not  penetrate  the  epidermis,  but  only 
tW  aitanroua  glands,  especially  if  the  acid  secrctiim  otthcae  glands  diasoU'es  or  liberates 
the  irritant  agvnt.  Discrete  and  Inter  cunfluriU  pustules  nre  formed,  which  heal  with 
moK  or  less  "pitting."  They  produce  severe  scn^on-  irriuiion,  but  are  now  rarely 
•ttL     Tbe  princiiMil  pu^tulant^  are  croton  oil  ;uici   lurLir  emetic. 

Inflmnce  of  Systcinic  Conditions  of  Cutaneotis  Irritatioii.— Luithlcn,  iqii,  found 
^L  Quit  the  local  reaction  to  croton  oil  is  increased  by  feeding  with  acids  or  oxalates  and 
^^  dfmlnbhrd  by  calcium.  Differrnt  diets  also  modify  the  susceptibility.  These  systemic 
btfiKQces  may  be  connected  with  the  great  variaiionh  in  the  susceptibility  of  different 
ia4i\iduala  to  cutancuus  irritants;  and  with  ttuch  »kin  duieascs  as  ec«cma,  which  do  not 
mm  to  be  e-yplainaMc  by  local  irritation.  There  are  alto,  however,  local  differences 
■BtBKcptibililY,  and  if  an  irritative  reaction  has  ooce  been  induced,  the  skin  remaini 
byptfvn-iiti^e  fur  some  tinic. 

Dermabtis  from  Systemic  Drugs. — Many  dru^  cau.<>c  a  dtrmalitii  when  they  are 
(ivro  }jy  mouth  i.brlladonnn,  arsenic,  iodoform,  (juinin,  salicin,  antipyrrUcs,  lodids 
ud  brooiids,  diiptatt»,  chloral,  chloroform,  etc.).  This  ift  wmctimcs  due  to  changes 
is  (^e  cutaneous  circulation,  sumetime^  to  the  excretion  of  the  drug  by  the  skin.  It 
oar  take  the  form  of  scaiiatinal,  desquamating,  urticarial  or  papular  rashes  or  acne. 

Corrosioni  rautcri7.ation,  or  direct  destruction  of  tissue  results  if  the 
Igcnt  (cauterizant  or  escharotic)  acts  chemically  on  the  protoplasm,  as  do 
•ttong  acids  or  alkalis,  iodin  or  bromin,  some  metallic  ^alts,  etc.  This 
leads  to  the  production  of  a  scab  or  "eschar;"  and  rtr>o]ution  by  scar 
ftifmaiion. 

Areas  of  Corrosion. — The  chemic  destruction  of  tis.sue  is  generally  pre- 
wded  by  inllaminatory  nccrosi.s.  Chemic  cauterization  Uicrcfore  shows 
Ihne  arras:  The  first,  situated  at  the  depth  and  periphery  of  the  ulcer,  is 
tftply  an  area  of  inflammation  and  hyiicrcmia.  Then  follows  a  layer  of 
Maotic  lis-^ue.  (he  result  of  the  inflammatory  action;  and  last,  a  layer  m 
*tuch  the  chemic  cauteriKation  results  in  solution  of  the  cells  which  have 
•irewly  l»wn  killed  by  the  inflammatory  process.  These  thre*^— hyper c- 
^  inflammatory  necrosU.  and  chemic  solution — are  to  be  considered 
*^>Bccnsive  stages  in  the  same  action;  and  by  proper  dilution,  the  second 
*"  first  degree  of  action  may  be  obtained  wiLliout  the  succeeding  stages. 

The  Rjchir. — This  (scab)  is  formed  after  corrosion  by  the  coagulation 
*•£  the  inflammatory-  exudate  and  by  the  chemical  products  (albuminates, 
*t)  of  the  intcmctiun  of  the  corrosive  agent  with  this  exudate  and  with 
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the  killed  cells.  Accordinit  to  whether  the  proteins  arc  dissolved  (as  by 
alkalies)  or  precipitated  (as  by  most  metals),  the  scab  will  be  soft  or  liard. 
This  has  an  important  bearing  on  the  pcneLratioTi  of  the  corrosive  agent: 
if  the  scab  is  soft,  the  chemical  will  penetrate  it,  and  will  spread  and  extend 
deeply.  On  this  account  the  alkalies,  fur  instance,  are  not  practical  for 
the  purpose  of  cauterization.  If,  on  the  other  hand,  the  scab  is  solid,  it 
prevents  deeper  penetration,  so  that  the  action  can  be  easily  confined 
to  the  desired  areas. 

Astringent  Action. — Agents  which  have  a  strong  precipitant  action 
produce  a  relatively  mild  irritation;  and  if  their  concentration  is  not  too 
high,  their  primar\'  inflammatury  effect  docs  not  proceed  lo  necrosis;  on 
the  contrary,  it  leads  to  diminution  of  any  existing  inflammatory  process. 
This  "astringent"  (drawing  together)  action  is  characterizetl  by  visible 
contraction  of  the  tissue;  blanching  and  wrinkling  of  mucous  membranes; 
and  diminished  exudation,  or  secretion  of  mucus,  according  to  the  place 
of  application.  These  agents  also  possess  a  peculiar  "astringent"  taste. 
The  effects  arc  probably  due  to  precipitation  and  hardening  of  the  cement 
substance  of  the  capillary  endothelium,  producing  contraction  and  de- 
creasing the  permeability  of  the  capillaries;  and  thus  counteracting  the 
essential  phenomena  of  inflammation  (congestion  aud  exudation). 

Astringents  are  used  therapeutically  to  check,  diarrhea,  reduce  in- 
flammation of  mucous  membranes,  promote  healing,  and  to  arrest 
hemorrhage  (by  coagulating  the  blood). 

The  principal  asiringenis  are:  metallic  salts,  tannins,  dilute  acids, 
•and  strongly  hypertonic  solutions. 

ExpidtuUion  of  AsiringeHi  Action.— The  manner  in  which  this  astringent  action  is 

brought  about  is  only  imperfectly  unilirrslotKl.  AH  astringents  produce  preripitation 
of  protein!^,  and  thi-^  insoluble  protein  precipitate  !>ccm.<>  lo  be  the  cause  ol  the  astringent 
action.  To  explain  this  acttun  it  hm  been  assumed  that  these  preripltales  form  a 
lining  along  the  cxipiltary  walk,  and  in  thiji  way  add  an  additional  coat,  as  it  were,  to 
each  capillary.  U  f^ccnu,  however,  mucii  more  likely  thai  they  act  by  coagulutiag  the 
ordinary  semitluid  icment  substance  betwMn  the  endothelial  celU,  and  itiat  this  pre- 
vents the  filtration  of  fluids,  and  more  especially  the  emigration  of  cells.  The  utvcr 
"staining"  of  i^ndotlielia  by  siKer  nilratc  is  it  visible  illustratinn  of  this  5xatian  of  the 
cement  substance.  The  diminished  mucus  secretion  is  perhaps  due  to  a  similar  super- 
ficial coagulation  of  the  cell  euvclope.  The  blanching  and  puckerina  fpruduced  only 
by  the  more  concentrated  solutions)  points  to  a  direct  stimulation  of  the  arterial  and 
other  muscular  tissue.  The  nbsorplion  of  alrrady  formed  t fusions,  following  the  use  of 
astringents,  may  possibly  Ik-  expIainrH  by  osmostic  laws:  By  precipitating  the  proteins  of 
these  cflusions,  they  Lower  tneir  molecular  concentration,  and  render  Ihem  more 
diffusible.  Xot  all  protein  precipltants  are  nslringcnls.  The  precipitant  atlion  must 
be  □[  a  special  kind.  It  must  tu'  produced  very  quickly.  an<l  the  precipitate  must  be 
practically  impermeable  to  the  precipitant.  Ollierwise  the  nredpilant  action  would 
extend  ao  deeply  as  to  lead  to  ciLensi%-e  necrosis,  and  would  thus  cortUnuc  the  in- 
flammatury process. 

QHantiUttvf  EstiiMtion  of  Aitrintent  Action. — This  has  been  measured  by  Motolese, 
iQio,  b^-  noting  the  degree  in  which  the  extensibility  of  frog^'  lungs  is  reduced  after 
immersion  in  thu  a5tringent  solutions  (Drescr's  method).  With  t  per  cent,  solutions, 
the  order  wa'^:  silver  nitrate  >  tannin  >  lead  subacctatc  >  picric  add  >  lead  acetate  > 
:Uum  >  «nc  sulphate- 

AstringetU  Ejects  are  Slrictiy  Local. — Since  astringents  are  precipitated 
by  proteins,  they  can  not  be  absorbed  nor  exist  in  the  blood  or  tissues, 
in  effective  form.  It  is  therefore  absolutely  irrational  to  expect  a  remote 
action  from  astringents.  The  very  facts  of  their  action  exclude  such 
a  possibility.  Before  this  was  well  understood  it  was  tried  to  obtain 
astringent  action  throughout  the  body  by  external  application  or  by 
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Kiviog  astringents  by  the  mouth.  The  want  of  success  confirmed  what 
M&  just  been  said 

Axtringenis  on  Peristdsis. — In  the  intestinai  canal  the  aslringenu 
form  a  deposit  along  the  lumen  of  the  intesiine»  and  in  this  way  diminish 
absotption,  and  also  the  penetration  of  other  irritant  substances,  in  this 
way  lesseninj?  peristalsis, 

Irritation  of  Mucous  Membrane.— >Di  (Terences  in  detail  are  seen  when 
irritants  are  applied  to  other  surfaces  than  the  skin;  for  instance,  to  the 
mucous  membranes.  These  are  readily  explained  by  anatomic  peculiari- 
ties. There  will,  for  instance,  be  less  tendency  to  vesication,  since  the 
epithelium  is  not  impermeable,  as  it  is  in  the  skin.  The  oral  mucous 
membrane  presents  a  transition;  it  blisters,  but  less  readily  than  the  skin. 
Pustutation  can  not  occur  since  this  depends  upon  the  cutaneous  inlands. 
Od  the  other  hand,  the  mucous  glands  nill  be  stimulated  to  an  increased 
icU\ily,  producing  "catarrhal"  conditions. 

GastrotnUritis. — The  effects  of  irritants  on  the  alimentary  tract  present 
»mc  special  features;  the  effects  being  stomachic,  carminative,  nauseant 
or  emetic;  diarrhea,  dysenter}';  abortion;  corrosion  and  perforation; 
according  to  the  nature  and  degree  of  their  action. 

»Rtipiratcry  Passages. — If  an  irritant  poison  1^  volatile,  its  main  effects 
may  fall  upon  the  respiratory  passages.  The  general  phenomena  will 
be  those  of  acute  laryngitis,  bronchiti!;,  or  pneumonitis.  Similar  effects 
foiktw  the  a.«ipiraiion  of  non-volatile  irritants. 
Local  Irritation  ol  Wounds  and  UIcers.^The  effects  are  more  marked 
thin  on  the  intact  skin.  Even  the  milder  irritants  destroy  the  superficial 
ttSs,  especially  if  diseased;  but  the  deeper  cells  multiply  more  rapidly, 
pmly  through  direct  stimulation  and  partly  through  the  h_\-peremia. 
Mild  irritants  therefore  promote  ftfulini'.  Astringents,  balsams,  quinin, 
alts  and  even  water  have  this  therapeutic  action. 

Hypodermic  Injection  of  Irritants. — These  produce  more  or  less  pain, 
ndvttea  aseptic  abscesses.    The  danger  of  infection  is  also  considerable 
I        If  ibe  (issues  are  killed  by  the  irritant.     With  intramuscular  injection, 
the  pain  is  less  severe. 

Antiseptic  Action.— .\11  iirilanls  arc  somewhat  antiseptic  for  they  de- 
ttioy  the  protopla-sm  of  the  bacteria  just  as  Ihey  do  that  of  the  tissue  cells. 
Concentration.-  -Tlie  degree  of  the  local  action  depends  upon  the  con- 
OBiraUon.  rather  than  on  llie  absolute  quantity  of  the  irritant. 

K  small  quantity  of  concentrated  acid  will  do  much  more  damage  than 
jauch  larger  quantities  diluted;  as  a  gram  of  MgSOi  in  solid  form 
iairoduced  into  a  solution,  may  precipitate  all  its  globulin,  whilst  an 
vtflmitediiuantiiy  may  be  added  in  5  percent,  solution,  without  any  such 
tint. 

Specific  Differences  Between  the  Different  Irritants.— These  affect 
(lit  strength  of  their  action  in  different  situations.  Some,  for  instance, 
*ni  to  act  especially  on  the  alimentary  canal,  and  to  a  very  small 
•Went  on  the  skin.  This  is  probably  connected  with  differences  of 
*fcsorbability.  A  drug  which  can  not  penetrate  the  skin,  can  not,  of 
*^ine.  act  upon  it.  It  will  be  remembered  that  the  epidermis  is  im- 
Ptnaeable  to  most  substances.  In  order  to  penetrate,  these  must  be 
wl«T  fatty,  like  croton  oil  or  turpentine;  or  they  must  actually  destroy 
we|Mdermis,  like  caustics. 

IrrilanJ  Ejects  after  Absorption.^Sanc  of  the  irritants  acts  indiacrinu- 
"•Wy  on  the  body  at  large.     Many  are  not  absorbed;  and  even  when 
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absorption  occurs  they  are  too  greatly  diluted  to  have  much  effect. 
except  at  the  place  of  their  absorption  and  excretion;  i.e.,  the  liver  and 
kidnevs.  Other  tissues  are  involved  only  if  the  administration  is  long- 
continued,  as  in  alcohol  or  lead  poisoning.  Such  chronic  'intoxications 
lead  to  increase  of  connective  tissue,  arteriosclerosis,  cirrhosis,  etc. 

Drug  Ifephrites. — These  are  produced  by  all  absorbable  irritants  and 
often  occur  acutely.  The  inflammation  may  involve  all  tlie  renal  tissues; 
or  it  may  be  predominantly  glomerular  or  parenchymatous,  according 
to  tlie  poison.     Continued  administration  leads  to  interstitial  nephritis. 

The  inflammation  is  characterized  by  albuminuria,  casts,  and  the 
histologic  lesions.  The  urine  flow  is  increased  in  the  early  stages,  and 
decreased  later  (Schlayer  and  Hcdinger,  1907).  The  excretory  efficiency 
is  diminished  (Eisenbrey,  1911,  1013).  as  estimated  by  the  phcnolsulphone- 
phthalein  test  of  Geraghty  and  Rowntree,  igi  r.  The  changes  in  mtrogen 
and  chlorid  excretions  are  complex  (Austin  and  Eisenbrey,  1911).  The 
nitrogen  excretion  is  decreased  in  tubular  nephritis  (uranium),  not  in 
glomerular  (arsenic).  Retention  of  nitrogen  in  the  blood  occurs,  especially 
in  tubular  nephritis  (Foster,  1915).  Renal  Glycosuria  may  occur  (E. 
Franck,  1913;  Pollak.  igii);  also  hepatic  edema  (Opie,  igia),  and  some- 
times slight  myocardial  changes  (Walker,  igii).  Hemorrhagic  nephritis 
is  seen  with  cantharides,  turpontine,  formaldehyde  etc.  Edema  occurs 
only  mth  uranium,  at  least  in  animals.  The  resloraiion  of  the  blood- 
volume  after  saline  injections  is  delayed  in  uranium, chromate  and  tartrate 
nephritis  (Bogart,  Underbill  &  Mendel,  1916;  Boycott,  1913  and  1914; 
Chisholm.  1914). 

Experimental  Nephrites. — These  have  hern  eKtensivcly  invc5ti};atcd  (biblit>graphy  1 
R.  M.  Pearcc,  1910). 

Tubular  nrphritis  with  litilt  or  nc  nnmary  glomerular  injury  i»  procluccd  by  unnium, 
chromate,  mercuric  chlorid  and  atom.  The  anatomic  changes  in  the  eariy  stagM  of 
uranium  and  chromate  nephritis  are  confined  essentially  to  the  tubule*,  especially  the 
convoluted;  they  consist  of  granular  and  fatty  degeneration  and  necrosis.  Mercury 
acts  similariy  but  mainly  on  the  amending  loops  of  Hcnic,  with  deposition  of  lime  salts. 
The  glomeruli  arc  at.  first  unailected  but  later  show  thickening  of  the  capillar>'  walls, 
and  vascular  disturt^ances  can  Ijc  shown  by  phj-aioloRic  methods. 

Glonutrular  Xcphrills. — Thi^,  generally  with  wiroc  secondary  involvement  of  the 
tubules,  is  produced  by  arMrnic,  cantharides  and  snake  venom.  Diphtheria  toxin  acts 
on  all  the  structures;  and  many  other  irritants  act  di(Tu»e1y.  The  anatomic  changes 
vary  according  to  the  poisons.  Anrnif  produces  little  or  no  anatomic  change.  exc«pt 
dilatation  of  the  capillary  tufts,  filling  Bowman's  capsules.  Ph_vsiiilygic  method*,  how- 
ever, show  serious  vascular  injury.  The  cattikjrida  changes  involve  both  the  glomeru- 
lar tufts  and  space.  The  capsules  arc  filled  with  desquamated  cells,  whose  origin  is 
dltpuled.  l*here  i.s  also  functional  vascular  injury.  The  functional  changed  arc  not 
proportional  to  the  anatomic. 

Ckrotiir  ytfrhritii. — This  is  ilitTirult  to  produce  experimentally,  the  acute  experi- 
mental lesions  usually  ending  in  rapid  and  comfjlctc  recovery.     Positive  results  nave 
been  obtained  by  Uphub  with  lead,  by  l^ickson  with  uranium,  aod  by  KlotZj  igi4. 
Infections. 


^ 


Reflex  ££Fects  of  Irritants. — Stimulation  of  sensorj--  areas  acts  rcflexly 
on  the  vasomotor,  cardiac,  respiratory  and  other  centers,  producing 
changes  in  the  circulation,  respiration  and  other  functions.  These  vary 
according  to  the  place,  extent,  speed,  intensity  and  kind  of  the  stimulatioa. 
As  "connterirritation"  they  are  used  extensively  in  therapeutics. 

The  Respiratory  Reflexes. — Those  are  of  special  therapeutic  impor- 
tance. They  differ  according  to  the  state  of  the  center:  if  the  respiratory 
center  is  depressed,  as  in  collapse,  morphin  poisonii^,  anesthe^,  asphyxia, 
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.,  moderate  counterirritation  produces  marked  slimulation;  and  if  the 
is  not  too  deep,  natural  respiration  may  l>c  restored. 


I 


I 
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tftk€  rapiraiion  is  normcl,  raild  cutanrous  irritation  may  either  fUow  or  quiclcen  the 
nle.  If  the  irritation  iistn>tig.  llur  rrsuiration  Ualwa>'sslowTd.  Sudden  and  extensive 
ahmiliriott,  «  by  cold  douches,  produces  momentary  standstill,  foUovred  by  deep 
laipjntiutis. 

Coziadouaness.— This  is  also  often  reWved  by  counterirritation,/./.,  in 
fainting  or  light  coma.  The  u-suai  measures  for  this  purpose  are  dashing 
with  cold  water,  slapping  with  wet  towels,  or  inhalation  of  dilute  ammonia 
vspor  (smelling  salts  or  aromatic  ammonia). 

CirculiLtion. — Mild  cutaneous  stimulation  (/.*.,  blowing  on  the  skin) 
Itnds  to  produce  widespread  vasoconstriction  and  therefore  some  rise  of 
Wood  pressure  (Gruetzner  and  Heidenhain,  1877).  The  vasoconstriction 
involves  mainly  the  cutaneous  vessels,  except  those  which  are  dilated  by 
(Srect  contact  with  the  irritant.  The  renal  vessels  are  also  constricted, 
whilsi  those  of  the  brain  are  dilated  (Wertheimer;  Roy  and  Sherrington). 
TTie  cutaneous  vasoconstriction  tends  to  raise  the  internal  temperature. 
The  heart  rale  is  quickened  (Naumann). 

VkMMBOtar  Reflexes. — Mild  stimulation  of  sensory  ncr\Ts  generally  produce*  a 
l||ht  deprewor  action;  stronger  stimuli  cause  a  pressor  effect,  iacrcosiog  with  the 
iattttUly  of  the  !>tiniulation  (Stiles  and  Martin,  iQis). 

WUk  sirtm^fT  stimulaiii?n  of  thf  skin,  the  vasoconstriction  is  soon  followed  by  dilation, 
Ul  of  blood  pressure  and  of  iat«mal  temperature.  The  effects  may  be  less  than  with 
■iid  irritatioD. 

Gutro-lnteEtinal  Irritation. — 5»oUnmnn,  Brown  and  Williams  (1907)  have  shown 
tfcU  irritation  af  the  stomathor  peritoneum  has  practically  no  cllctt  on  the  blood  pressure 
in  Ucslbelued  animak,  even  when  ihc  anirsthou  is  liKhl.  Thtre  is  generally  a  marked 
iocrtaie  of  respiration,  and  sometimes  a  stiKht  and  momentary  ri&c  of  blood  pressure, 
btt  Ou  fall  i»  noticed  for  several  hours.  This  holds  true  both  far  mild  irritants,  such  aft 
IKppenninC,  mu»urd  or  moderate  heat;  and  for  strong  corroiUDa  by  formaldchyd, 
OMOenLraled  acids,  or  actual  cautery,  even  when  these  measures  produce  purfnrHlion. 

brittliaa  of  the  Mouth  and  Larynx. — This  produces  very  much  more  marked  cflccts 
(SilBUaB);  even  contact  with  5  pi.r  it'Dt.  acetic  acid  causes  struggling,  couvulsive  rise 
<f  blood  prepare  and  dvspncic  respiration. 

Reflex  Shock. — \1oftnt  and  extensive  corro:tion  may  produce  immediate  "shock," 
■Uch  may  be  promptly  fatal  This  appears  to  consist  essentially  in  profound  inhibi- 
Ihe  of  Uiie  nervous  system.  Since  it  u  nut  produc-d  in  uni-sthi:tized  animalit,  at  least 
•illi  anythinK  Uke  the  same  rapidity,  it  must  be  due  to  psychic  factors — apprehension, 
piia  and  others — rather  than  to  refiexcs  in  the  ordinary  sense.  However,  long- 
MtiQiird  irritation  of  the  viscera  Kradually  produces,  even  in  aoesthesla,  a  condition 
t^qdo)  shock),  which  is  allied  to,  if  not  identical  with,  acul|t  tiaumalic  shock. 

MciaboUsm. — Mild  slimulatioo  of  extensive  skin  areas  (salt-water  baths)  increaM 
M^oQim.  Taalzovr  found  increased  ox>'gen  consumption  and  carbon  dioxid  excre- 
™Aea  apfiiying  slnspbm  to  animals;  Zuntz  and  others  have  demonstrated  lacrea&£4 
^ttpgw  cicrelion. 

"Derirative"  Action. — The  application  of  irritants  often  subdues  in- 
animation in  dec'[vseated  orgaits.  This  counterirritation  was  formerly 
viRKncd  to  act  simply  by  mechanicai  withdrawal  of  the  blood  from  tlie 
Wimed  area  to  the  area  of  "counterirritation."  This  explanation  is 
*Uinly  incorrect.  It  is  now  bclicvwl  tliat  the  circulation  in  the  distant 
•gtns  is  modified  by  reflexes  along  homologous  nerve  paths — in  a  sense 
*ftversal  of  the  *•  referred  pain"  which  occurs  in  dclitiitc  skin  areas  when 
ll>t  CDrrea^nding  viscera  are  irritated  (Head).    This  would  explain  the 
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old  empirical  observations  that  the  counterirritation,  to  be  most  effective, 
must  be  applied  at  a  de&nite  place  for  each  internal  infiammatioo 
(Figs.  30  and  3&). 

Cold  applied  to  one  hand  constricts  the  vessels  of  both  hands,  and  heat  dilates  Ihcm 
(G.  N.  Slewart,  iqm;  Hewlett,  191  j).  Irritation  of  the  hand  hy  musLiird  does  doi  in- 
creaae  the  local  blood  Sow,  as  would  be  expected  from  the  nibefaction  (Wood  and  W'cis- 
rnan,  1911^  Hewlett,  lyij). 

Influence  of  Pain  on  Inflanunation. —  Bardy,  1Q14,  confirms  Spicss  aod  Bruce  thai 
intlammatorj.'  pticnomcna  depend  mainly  on  sensory  disturbances  (pain,  reflex  hyper- 
emia, etc.).  The  reflex,  liuw^ver,  is  quite  peripheral.  For  instance,  mustard  conjuot- 
li\-itis  is  prevented  by  local  anesthetics  or  by  division  of  the  peripheral  nerves,  but  not 


Phthikis. 
hritwrditis  or  pleurt*r. 

PlyiniC  tsliit«r  or  Kintt- 
pitm,  in  _plet)n«y  or 
prMUTRoniA. 

Vomitirm 


»* 


Lvy  nsJtu.  bysivic 
apbaniA. 

PcncarditiB. 


Chronic  thickeninti 
«ft«r  peril  rphl  iltB. 


Otvrian  injtktkm. 


Acute  rbeamattsm. 


Gout. 


Pic.  ja.— Diasmi)  ni  the  body  showinit  ioinc  of  the  poiatt  where  bUiIorm  nr  •inxpliins  are  uiai 
applieo.     Proni  vipw — tBruHlon'i. 

by  section  of  the  ramus  ophthalmicus.  It  is  prevented  by  nicotin,  so  that  the  reflex 
most  involve  the  ganglia.  Central  anesthetics,  ether  or  morphin,  aUo  prevent  the 
inflammation.     Otlier  substances  having  a  similar  cAectarc:  calcium  chlorid.antipyrin. 

?ulnin,  salicylates,  alopban,  brnmids,  etc;  and  substances  yielding  available  usyKen. 
XmlicrK,  La-venharl  ant)  McCliire.  ipi6.) 
Changes  in  the  Blood. — Irritation  of  the  skin  produces  changes  in  the  blood  which 
may  have  some  inllucncc  on  inflammation:  \Vintemitz,  i8g6,  found  at  first  leucopcnia, 
MiiBXitauocyioah.  Van  den  Velden,  igi3,cl.'um!(  that  the  coagulability  of  the  systemic 
blood  is  increased  by_  a  number  of  local  irritant  and  especially  vasoconstrictor  processes 
(Ice  to  the  skin;  astrnkgents  or  epinephrin  to  the  mouUi;  coi^n  to  the  Dose;  turpentinr 
inhalation,  etc). 

Relief  of  Pain  by  Counteriiritatioiu — This  is  partly  explained  by 
homologous  reflexes;  but  largely  also  by  the  diversion  of  the  attention 
of  the  patient  from  the  disease-pain,  to  the  usually  more  bearable  sen- 
sations of  the  counterirritant. 
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Itaflnpeotic  Indicattons  of  Cutaneous  Ixritation. — This  is  employed 
nainly  in  the  following  conditions: 

1.  In  certain  skin  diseases,  for  the  local  effects — alkalies,  sulphur, 
dhtysarobin,  etc 

2.  To  promote  diaphoresis — alcohol,  frictions,  heat,  etc. 

3.  For  refiex  stimulation  of  the  central  nervous  system^  in  ffunting, 
oonipse,  narcotic  poisoning,  accidents  of'  anesthesia,  etc. — ammonia 
mha^tioD,  beat  or  cold. 

4'  To  alter  the  distribution  of  hloodj  to  prevent  colds — mustard;  to 
i^eve  congestion  of  viscera — poultices,  vesication;  or  to  promote  the 
ttwiption  of  exudates — iodin,  vesication. 


BpiiUxis.  cerebral  con- 
■Htion,  detirium,  snd 
tendency  to  coma,  or 
concunt  wakeful  nesa. 
ID  fever,  headache, 
pddinnt,  tianitne  «n- 
nniD. 

Hemoptysie. 

ItrtemMtal  neuralgia. 


Rheumatic  gont. 


Headache,   Biddinen,  tinnitua 
Buhutn,  ophthalmia. 


Flying   bliiter  or  sinapitm,  in 
pleuriiy  or  pnettmcnia. 


Dyimenorrhea.    spinal   irrita- 
tion, leucorrhea. 


Sciatica. 


Viatica, 


"^  J*.— Diagram  of  the  body  thowing  >ome  of  the  points  where  blisters  or  sinapisms  are  usually 
applied.     Back  view. — {Br»ntom.^ 

CouQterirritation  is,  as  a  rule,  useful  only  in  chronic  inflammation. 
1°  acute  inflammation  there  is  always  a  danger  of  increasing  the  process 
or  of  causing  it  to  extend  to  neighboring  organs. 

S-  To  diminish  pain,  especially  in  neuralgic  and  rheumatic  affections — 
'"^tine  and  other  volatile  oils,  capsicum,  chloroform. 

6.  .45  a  general  tonic,  in  the  form  of  salt-water  baths  or  alcohol  frictions. 

Ilienpeutics  of  Cauterization. — Cauterization — the  destruction  of 
^**oe— is  sometimes  employed  for  severe  counterirritation,  but  particularly 
**>  '«WK  tissue:  (i)  In  cases  of  poisoning,  snake-bite,  etc.;  (2)  for  the 
foaoval  of  pathologic  tissues,  tumors,  warts,  etc. ;  (3)  indolent  granulations, 
rtc.;  (4)  to  cause  cicatricial  contraction  of  hypertrophied  mucous  mem- 
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brant-s  (nose,  etc);  (5)  for  removing  the  nervesof  teelh;  and  (6)  to  remove 
supL'rfluous  hair. 

In  many  cases  the-  chcmic  cautery  has  been  replaced  by  galvano-  aad  thcrmocaut 
which  are  more  prompt  and  permit  a  more  exact  limitation  of  the  cauterized  area. 
lh«  other  hand,  the  slower  cITect  i>f  chemic  caustics  i$  of  advantage  in  permitting  a 
^^uation  in  the  i>tren);th  nf  the  action,  or  in  ccmlining  it  ti>  certain  ti»sue  elemenU. 
Pathologic  formations,  being  leu  stable,  are  in  this  way  more  profoundly  altered  than 
normal  tissue. 

The  caustics  may  be  applied  in  solid  form  (sticks,  or  fu6<^d  at  the  end  ol  a  probe),  in 
paste,  or  in  solution—the  tint  being  the  most  strictly  localizabic,  the  last  the  most  dif- 
fuse. In  (he  latter  case,  or  when  tae  eschar  liquefies,  the  surrounding  Us&ue  should  b« 
protected  by  court -pU.itcr. 

General  Toxicology  of  Irritants. — The  phenomena  produced  by  Irritant 

poisons  dqjcnd  in  Uic  first  place  upon  the  part  of  the  body  with  which 
they  arc  brought  into  immcdiati:  contact.  The  most  prominent  symptoms 
arise  from  the  skin,  alimentary  canal,  or  respiratory  organs;  the  last  only 
in  the  case  of  very  volatite  poisons.  Later  symptoms  may  appear 
the  urinary  organs. 

The  extent  of  the  action  depends  upon  the  concentration  of  the  poiso 
the  time  during  which  they  act.  and  the  extent  of  surface  with  which 
they  come  into  contact — less  upon   their  absolute  amount.     If   taken 
by  the  alimentary  canal,  their  action  will  also  be  modified  by  the  presence 
of  food. 


n^^ 


Cauterizatioii  of  the  Skin. — Tbia  may  be  accidental  or  crirainal.  In  the  latter  cai 
it  is  usually  by  sulphuric  acid  ("Vitriol").  The  resttUi  are  the  same  as  in  the  ca»;  of 
cxleniivc  burns.  The  diagnosis  offers  no  difficulty.  The  character  of  the  RtairM  is  that 
described  in  the  next  section.  Sufficient  of  the  corrosive  can  generally  be  collected 
irom  the  clothing,  etc.,  to  e&tablLsh  its  identity  by  chemic  means.  The  treatment  is 
precisely  like  that  for  bums,  after  previous  neutralization  and  removal  of  the  currosive 
Bgent.  Salves  and  oils  are  uacful— especially  the  Linimentum  Calcis  (Carron  CKI,  I'.r, 
equal  parts  Linseed  Oil  and  Lime-water). 

Cau£tiCG  in  the  Eye. — These  are  best  washed  away  by  liberal  application  of  water. 

Caustic  Poisoning  by  the  Alimentary  CanaL — The  introduction  of 
caustics  by  the  mouth  is  generally  accidental  or  suicidal.  The  effects  are  so 
painful,  appear  so  promptly,  and  the  lesions  are  so  persistent,  that  they 
would  scarcely  ever  be  used  in  criminal  poisoning — except  possibly  in 
infanticide.  They  are  sometimes  taken  by  mistake  for  syrup  or  other 
medicine,  and  may  be  swallowed  before  the  difference  is  noticed.  How- 
ever, certain  organic  irritants,  usually  insoluble,  such  as  croton  oil, 
do  not  produce  their  action  for  some  time. 

The  phenomena  vary  according  to  whether  the  irritant  produces 
an  actual  cauterization—a  destruction  or  solution  of  the  tissues;  or  wheL 
it  causes  only  inflammation. 

Irritants  Which.  Do  Not  Destroy  the  Tissue. — To  this  class  belong 
elaterium,  croton  oil,  and  most  of  the  other  organic  irritants,  such  as 
volatile  oils,  formaldehyd,  etc. 

The  symptoms  are  those  of  a  violent  gastrocnlfrilis:  nausea,  vomiting, 
and  diarrhea.  If  the  poison  act.s  only  when  dissolved,  and  is  insoluble 
in  the  stomach,  as  is  croton  oil,  the  nausea  and  vomiting  may  not  be 
present,  but  only  the  diarrhea.  The  symptoms  will  appear  correspond- 
ingly late.  The  abdomen  is  usually  distended  and  extremely  painful^ 
especially  upon  pressure.  As  a  result  of  the  gastroenteritis,  there  is 
extensive  dilatation  of  the  splanchnic  area,  and  consequently  withdrawal 
of  blood  from  other  parts  of  the  body.    This  produces  marked  changes 
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in  Ihe  circulation.  Thi;  pulse  will  be  soft,  small,  and  quick.  The  lowered 
cirdilaJitm  reacts  upon  other  organs,  and  most  conspicuously  upon  the 
(oUral  nervous  system.  There  is  great  anxiety,  vertigo,  delirium,  convul- 
Bons,  then  coHnpse,  and  finally  coma  and  death.  This  picture  is  common 
10 the  entire  scries  of  irritant  poisons. 

Abortion. — The  hyperemia  is  not  confined  to  the  intestine,  but  extends 
10  all  the  abdominal  organ<i.  which  therefore  partake  in  the  inflammation, 
although  Iheydonotcomeintodirect  contact  with  the  irritant.  The  most 
important  organ  involved  in  this  is  the  uterus,  and  the  organic  irritants 
Ittve  been  used  to  procure  criminal  abortion.  Oil  of  savin,  of  tansy, 
ud  c^  pennyroyal  enjoy  a  special  reputation  in  this  connection,  but  any 
other  irritant  produces  the  same  result.  The  ccboHc  effect  is  only 
JetMdary  to  the  gastroenteritis,  and  the  latter  is  very  often  fatal  without 
iccomplishing  the  object  for  which  it  was  produced. 

The  postmortem  appearances  are  those  of  gastroenteritis,  and  in  cases 
tk  suspected  criminal  abortion  this  must  be  of  sufficient  extent  to  explain 
the  fatal  issue.  The  pathologic  condition  consists  in  an  intense  congestion 
flflhe  entire  alimentan.*  canal,  often  with  inflammatorj'  exudate  into  the 
kmcD  of  the  intestine.  The  congestion  may  be  so  violent  as  to  produce 
ccdiymoses.  If  these  are  present,  the  vomit  and  stools  will  be  tinged 
with  blood  during  life.  Destruction  of  tissue  is  quite  rare.  It  may, 
bowcver,  occur  from  gangrene  due  to  the  interference  with  the  circulation. 
Tha  Rzed  Caustics. — The  most  important  are  the  mineral  acids; 
(olic  acid,  which,  however^  stands  apart  on  account  of  it^  specific  toxic 
iction;  the  organic  acids,  which  are,  generally  speaking,  corrosive  in 
proportion  to  their  volatility;  the  alkalies  and  their  carbonates;  the  haloid 
lobtlances,  bromin,  chlorin,  and  iodin.  Phenol  and  the  metals  are  also 
loume  extent  corrosive,  but  not  usually  sufficiently  so  to  produce  perfora- 
lioB.  The  alkalies  and  bromin  produce  the  most  extensive  destruction 
o(  tissue,  because  of  their  deep  penetration.  With  them,  the  scar  forma- 
titti  is  also  the  most  extensive. 

Corrotive  effects  occur  especially  in  those  situations  which  are  in  pro- 
long contact  with  the  caustic:  the  Hps;  mouth  and  pharynx;  esophagus 
ktiti  beginning  and  end,  and  where  it  crosses  the  left  bronchus;' and  the 
nofoach.  especially  the  pyloric  end'  (because  the  caustic  follows  the  lesser 
nmnture  and  accumulates  at  the  pylorus).  The  firm  closure  of  the  py- 
lonis  furnishes  more  or  less  protection  to  the  intestines. 

Characteristic  Appearance  of  the  Corrosions  and  Stains. — These  are  of 
dilfnostic  importance,  since  they  may  hie  recogni7.ed  about  the  mouth 
Anag  life: 

Alkalies  cause  transparent  swelling  of  the  epithelium,  which  will  detach 
V I  gelatinous  mass,  exposing  the  scarlet-colored  inflamed  area  beneath.* 
"n* other  corrosives,  which  precipitate  proteins,  produce  at  first  a  grayish- 
»lritt  opaque  stain.  This  persists  in  the  case  of  the  metallic  poisons. 
TV  acids,  however,  change  the  hemoglobin  in  the  neighboring  area  into 
tbe  (Urk  acid-hematin,  and  the  color  of  the  stain  consequently  becomes 
(luk  or  black.  Nitric  acid  is  an  exception:  its  stain  takes  on  a  yellow 
Q4ot.  This  differs  from  that  of  picric  acid  by  being  changed  to  orange 
^  tlkalies,  whilst  the  picric  acid  stain  remains  unaltered.     Bromin  pro- 

'  B.  T.  IldffiBA&n.  Ailu  ul  Lagal  UwUdne.  W.  B.  S«und«rt.  t«9*.    Figa.  iW  cad  t«T. 
'•bLKa.  ilT. 


124 


UAXTTAL  O?  PEARUACOLOGY 


duces  a  characteristic  light  brown  or  orange  stain;  iodln  slaim  a  mahogany 
color.     The  silver  stain  turns  black  after  a  lime. 

Removal  of  Stains. — The  stains  of  iodin  and  silver  are  frequently  a 
source  of  annoyance  in  their  therapeutic  exhibition.  They  can  be  readily 
removed:  The  iodin  by  ammonia  water  or  by  thiosulphate;  the  silver  by 
potassium  cyanid,  or  by  painting  first  with  iodin  and  then  with  ammonia. 

Symptoms  of  Corrosive  Poisoning. — These  begin  in  the  mouth,  with 
burning  pain,  dysphagia,  and  loss  of  tissue.  The  taste  of  many  of  these 
substances  is  characteristic — acid,  alkaline,  metallic,  astringent,  etc. 

The  further  symptoms  are  those  of  gastroenteritis,  similar  to  those 
described  under  non-corri>sivc  irritants,  but  generally  more  severe.  The 
vomiting  and  diarrhea  arc  more  frequently  bloody.  In  the  case  of  acids 
the  vomited  blood  is  frequently  ven,-  dark  in  color  on  account  of  the  for- 
mation of  acid  hcmatin.  This  is  the  so-called  "coffee-grounds"  vomit. 
The  pain  is  very  much  more  marked  with  corrosive  poisons.  The  destruc- 
tion of  the  tissue  gives  rise  to  reflexes  which  may  take  the  form  of  "shock." 
The  absorption  of  the  chemic  products  of  corrosion  may  produce  fever; 
or  the  temperature  may  be  lowered  by  collapse.  If  perforation  occurs, 
the  clinical  picture  turns  into  that  of  peritonitis. 

Death. — This  may  occur  from  shock  before  the  local  symptoms  have 
time  to  develop;  or  it  may  follow  after  one  or  two  Hays  of  more  gradual 
collapse;  or  it  may  result  later  from  peritonitis;  or  fmally,  after  recovery 
from  the  acute  effects,  the  formation  of  scitr-lissuc  in  the  corroded  areas 
may  lead  to  stenosis  and  thus  to  gradual  starvation. 

PDStmortem  Examinatioii. — ThU  fhon'>>  the  characteristic  stains  and  coirouons  tn 
the  mouth,  t'!ophai;iJ>,  stomach  act!  duodenum;  with  the  metallic  torrosivcs,  the  cecum 
and  \&ig>:  inCi.->tincs  may  show  th<:  principal  changes'  siatx  muuv  mcluU  are  cscict«<i  in 
these  situations.    The  other  abdominal  organs  are  also  hypercmic. 

When  the  action  has  not  progrcsiicd  to  actual  corrosion.  Ibcre  is  often  \*ery  marked 
hyperemia  and  ecchymnsi'i.  The  color  is  frequently  niuch  darker  than  ciirresponds  to 
the  amount  of  congestion,  e>pcd,illy  in  the  ca»c  of  acids  (due  to  acid-hcmatin).* 

Treatment  of  Poisoning  by  Corrosives. — The  first  measure  is  diJutum, 
Mnce  the  action  is  proportional  to  the  concentration.  The  drinking  of 
water  in  abundance  and  the  washing  out  of  the  stomach  are  therefore 
important.  If  corrt>sion  is  already  advanced,  it  is  not  advisable  to  pass 
the  sLomach-tube.  The  further  triaitmcnt  consists  in  the  administration 
of  demtdcettt  substances,  a.s  mucilage  or  boiled  starch;  or  proteins,  as  white 
of  egg;  or  milk.  The  proteins  are  especially  useful  against  the  metallic 
poisons,  since  they  form  rather  insoluble  albuminates. 

The  pain  usually  requires  the  exhibition  of  narcotics  in  free  doses. 
Most  of  the  irritant  poisons  can  be  treated  by  chctnk  antidotes;  in  the  case 
of  alkalies,  by  acids  (\-inegar,  lemon  juice,  or  any  acid  diluted  to  i  to  5  per 
cent.);  in  the  case  of  acids,  by  means  of  alkalies;  preferably  magnesium 
OKid;  or  in  emergencies  by  soap.  (The  free  alkalies  are  usually  itw  caustic, 
and  the  carbonates  involve  danger  uf  rupturing  the  corroded  stomach  by 
the  evolution  of  carbon  dioxtd  gas.  Potassium  compoimds  are  objection- 
able because  of  the  danger  of  toxic  absorption  from  the  corroded  mucoss. 
In  case  of  necessity  any  alkali  may  be  used,  such  as  whitewash  or  chalk.) 

Iodin,  chlorin  or  bromin  may  be  neutralized  by  soditmi  bicarbonate. 

Volatile  Caustics. — These  comprise  ammonia,  chlorin,  bromin.  the 
fuming  mineral  acids,  the  gaseous  acids,  such  as  sulphurous,  nitrous,  etc; 

<  ib.  PUtF  4J. 


ud  certain  organic  acids — acetic,  formic,  etc.  Also  other  organic  sub- 
stances, such  as  formald^yd;  and  the  volatile  oils,  especially  the  oil  of 
mustard. 

W'hcn  swallowed,  these  produce  the  symptoms  already  described,  the 
Ktion^  being,  however,  more  rapid  and  extending  more  deeply.     When 
linhaled,  they  irritate  mainly  the  respiratory  passages  and  other  exposed 
mucous  membranes,  causing  coryza,  conjunctivitis,  bronchitis,  pulmon- 
«y  edema,  pneumonia,  etc.     Through  the  irritation  they  produce  pro- 
found nervous  effects,  at  first  mainly  stimulant.    The  respiration  slops 
kl  first  in  expiration,  the  glottis  closes  spasmodically,  and  the  bronchial 
muscles  contract.     This  is  a  conservative  mechanism,  and  explains  why 
iaul  poisoning  is  not  more  common.     During  this  stage  there  is  cardiac 
tahiUtion  through  vagus  stimulation,  and  also  dilation  of  peripheral 
vtaseb.    The  inhalation  irritants  may  prove  promptly  fatal  by  spasm  or 
edema  of  the  glottis;  or  the  course  may  be  slower,  passing  through  bron- 
dulis,  pneumonia,  etc.  {cf.  L.  Lewin,  1908).    The   irritation  may  also 
iovolve  the  esophagus  and  stomach,  with  protracted  hemorrhagic  gastritis 
(Uxper  tt  ai.f  1015)-    The    inhalation    of   irritant    vapor    is   especially 
ddttcrious  to  asthmatic  individuals. 

BrunchoflUator  drugs  (atropin,  etc.)  have  a  limited  cfEciency  against 
the  acute  respiratory  distress  of  irritant  gases  (Symes,  1915). 

Thi  cjfrcts  of  small  quanlitks  oj  tolaitJe  irritatils  in  the  air  has  an  eco- 
nomic importance,  in  view  of  their  escape  from  chemical  factories,  etc. 
Tkerc  can  be  little  doubt  that  even  a  small  proportion  tends  to  produce 
bronchitis,  and  to  diminish  the  resistance  to  infections  (Ronzani,  1908: 
lev  concentrations  of  CI,  SOj,  NOa).  They  may  possibly  cause  cachectic 
cooditions;  but  it  is  dilTicuIt  to  assign  the  limits  between  which  these 
pohons  are  harmless,  objectionable,  and  dangerous. 

Kitric  Pcroxld  (Xilrous  Acid,NOt). — This  conslitutw  ihc  brown  vapor* mtising  from 
Tteiflinn  iif  lutric  acid  oa  tnculs.  It  h  also  produced  in  Lari^  amount  in  the  combus* 
tm  (not  in  the  cxplo.4ioni  of  nitroiftyccrin  unu  gun-cotton.  The  acute  phenomena  arc 
rHltivrlv  sliglil,  but  tlirv  are  follnwed  after  itx  or  eifjitt  bours  by  sudilcn  bronchitic 
<itKkj  iriih  cTtntnc  dj'^pDca,  puInioiuir>-  edema,  and  often  death  within  forty-ctght 
fcowt  IF.  C.  Wood.  igtj). 

Thi»gu  is  ihcrsfore  especially  dangerous. 


FIXED  CAUSTIC  ALKALIES 

Hembers. — ^Thcsc  comprise  NaOH  and  KOH,  which  corrode  even 
tbcikio;  the  carbonates  of  sodium  and  potassium  which  are  not  caustic, 
Int  which  irritate  llie  mucous  membranes  violently;  and  quicklime,  which 
oQiccount  of  its  limited  solubility,  is  caustic  only  when  used  in  substance. 

Uitmn  <^  Action. — The  free  alkalies  combine  with  the  tissue  elements  to  form  alkn- 
Eae  ilhymioates,  or  nrith  the  fats  to  turm  soaps,  and  in  this  iray  produce  a  dntruction 
^  MUlance.  Tb^y  are  also  ver>'  hydroscopic,  and  vrithdraw  water  from  the  celts, 
•Wdi  {untributes  to  the  necrosis.    Tnc  scab  which  thry  produce  is  very  soft,  and  the 

QQUodft  wbich  they  form  are  very  mluble;  consequently  the  alka.lics  penetrate  very 
T,  arc  very  painful,  ihcir  action  continues  (or  several  days,  and  leads  to  extensive 
Kv  tormalian.  It  is  therefore  dilTicuU  to  circumscribe  their  cfTects.  ThU  L^  only 
puOy  rtmrdkd  by  mixinR  them  with  the  non-diiiusible  quicklime  as  in  the  "  Vienna 
*«*."  a  mistort  of  equal  parti  of  KOM  and  CaO,  slirnni  into  a  thick  paste  with  alcohol. 
Actual  and  Potential  Alkalinity. — The  "actual"  or  immediately  eJTcctive  alkalinity 
«'>«I«lion  depend*  on  the  dissociated  OH  ions;  but  as  these  combine  with  the  tissues, 
laxWOIT  iodi  are  split  off  ("potential")  alkaUnily\  which  continue  the  action.  The 
*2al  rffptt.  tlterefore.  depends  upon  the  total  quantity  of  OH  ions  which  can  be  spHl 
Evader  the  conditiooa  of  the  body  (Dicser,  igio).  This  can  be  estimated  by  ap- 
^^rhtelndkaton. 
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Poisoning  by  Caustic  Alkalies  (Lyes). — This  is  quite  common.  Half 
an  ounce  tti  potassium  carbonate  or  an  ounce  of  the  Hquors  would  gen- 
erally be  fatal.  Sodium  carbonate  is  k-ss  toxic.  On  account  of  the  deep 
action,  stricture  of  the  esophagus  is  a  frequent  sequel,  and  the  fatality  is 
fairly  high. 

PREPARATIONS — CAUSTIC  ALKAUES 

*  Polassii  Hydroxidum  (Pot.  Hydrox.).  U.S.P.;  Pokusa  CatufUa  (Potass.  CausL), 
B.P.;  Pulassium  Hydroxid  (Caustic  Potash,  Pntji-sdum  Hydrate);  KOH.— WTiitc  l3ak«9 
or  masses  or  pcndts;  odorless;  caustic  V'er>'  sol.  in  water  (i  ;o.q),  freely  sol.  in  ale. 
(r  :5).     Usetl  as  caustic,  to  remove  warts,  etc.;  and  to  soften  cpidcrmi«i  {i  per  cent.). 

Lifj.  Pol.  Uytlfox.,  U.S.P.;  /.»</■  Pcttm-,  Ti.P. — 5  per  cent.  Sometimes  uwd  inter- 
nally as  alkali.  Dase,  1  c.c,  15  minims,  U.S.P.;  0.6  to  1.8  cc,  to  to  30  mininui,  D.P.; 
freely  diluted. 

Polas.  Ccrbonas  (PoL  Carh.),  U.S.P.,  B.P.  (Salts  of  Tartar);  KjCO^— White  granu- 
lar powder;  odorless;  strongly  alkaline  taste.  Very  deliquescent.  Very  sol.  in  water 
(i  =0.9),  practicaJly  iosol.  in  ale  Dose,  t  Qm.,  is  ST.,  U.S.P.;  0.3  to  t.i  Gm.,  5  to  20 gr., 
B.P. 

S"d.  Hydrax.,  U.S.P.  (Ctustic  Soda);  N'aOH. — Dr>'.  white  flakes,  or  fused  masses  tx 
pencils,     Vcr>'  sol.  in  water  (1  :o.g)  and  ale. 

Litj.  Sod.  Uydrox,,  U.S.P.  (Solution  of  Soda). — 5  per  cent.     Dose,  i  c.c.  15  minims, 

u.s.r. 

'Smiii  Carbotias  MmohydratiLi  (Sod.  Carb.  Monuhyti.).  T.S.P.;  XatCO.  +  H|0.— 
A  white,  cr>*stallinc,  gmnular  powder;  strongly  alkaline  taste.  Freely  sol.  la  water 
(1:3)  and  inglyc.  (i  :7);insol.  in  ale.  Used  us  lotion  {0.5  per  tent).  Is  nearly  twice  as 
stroni;  as  the  ordinary  crystallized  carbonate.     Dose,  0.1^  (>m.,  4  gr.,  IKS.P. 

•  Sod.  Curb.,  B.P.;  Sodium  Carbonate  (Washing  Soda);  Ka,CO.  +  10  H,0  (cquiva- 
lent  to  37  per  cent,  of  NajCO,). — Freely  sol.  in  w.itcr  (1  n).  Dose,  0.3  to  a.oGm., 
5  to  30  gr..  B.P. 

Sod.  Carb.  Exsic.,  B.P.;  XajCO,.     Dosf.,  0.2  to  0.6  Cm..  3  to  10  BT.,  B.P. 

Calx,  U.S.P.,  B.P.j  Calcium  O.tid  (Lime,  Quicklime);  CaO.— Hard,  white  or  grayish- 
white  masses,  or  a  white  powder;  odorlcsw;  caustic  taste.  SliRhtly  sol.  in  water  (i  :  840); 
sol.  in  xlyc;  iasol.  in  ale.  When  sprinkled  n'iih  about  half  its  wtriglit  of  water,  calcium 
oxid  becomes  heated,  and  is  ^fadually  converted  into  a  white  powder  (caldum  hy- 
droxid  or  sUikfd  lime).  When  this  h  mixi-d  with  about  3  or  4  parts  of  water,  it  forms 
a  smooth  magma  imilk  of  lime). 

Cali  llydr.,  H.P.  (Slaked  Lime);  Ca(OH),.— While  powder. 

'Liquor  Ciitds  (Uq.  Calc),  U.S. P..  B.P.;  Solution  of  Ume  (Lime-water). — A  satu- 
ntcd  solution  of  Cb(OH)i,  containing  about  c.14  per  ctrnt.  Clear  colorless  liquid;  odor- 
less; alkaline  taste.  Incompatible  with  carbonates  or  "hard"  water.  Used  as  antacid, 
against  diarrhea  and  externally  against  burn.«.  It  is  often  added  to  milk  (t  :4).  Dose^ 
1$  c.c.  4  drams  (about  o.o3  Gm.  of  the  hydroxidi',  U.S.P.;  30  to  i30  c.c,  t  to  4  ounces, 
B.P. 

I.iq.  Calcis  SacchartUui  (I.io.  Calc.  Sacdi.),  B.P.  (Syrun  of  Lime). — Contalits  about 
3  per  cent,  of  CaO.  Antacia,  and  antidote  for  phcnof  poisoning.  Zh)ie,  a  cc,  3 
minima. 

'  UtiimrnUtm  Catfts  (Lin.  Calc),  U.S.P..  B.P.;  Lime  Liniment  (Canon  OU). — A 
mixturr  ivf  t-(|U4l  vi>lumes  of  lime-waUr  and  oil  (oli%-c,  B.P.;  linseed,  U.S.P.).  .Applied 
to  bums,  on  cloths,  Irequencly  renewed. 

AMMONIA 

This  differs  from  other  alkalies  by  il.s  volatility  and  deeper  penetration. 

Use  as  Count erirritant.^ — It  passe-s  through  the  stratum  corneum  <rf 
the  epidermis  without  injuring  it,  and,  acting  upon  the  lower  layers  of 
the  skin,  produces  blisters.  It  is  .sometimes  used  for  this  purpose  in.<ttead 
of  cantharidcs,  especially  in  nephritis,  where  the  latter  can  not  be  employed. 
It  is,  however,  more  painful. 

It  is  frequently  used  in  more  dilute  form  as  liniment  for  counterirrita- 
tion,  when  a  deep  action  is  desired. 


ALKALINE    SALTS    AND    SOAPS 
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The  Inhalation  of  Ammonia. — Free,  or  in  the  form  of  aromatic  spirit, 
or  of  carbonate,  this  is  used  for  reflex  stimulation  in  fainting,  etc.  Care 
must  be  used,  since  loo  high  concentrations  of  the  vapor  may  produce 
bronchitis  or  pneumonia. 

Poisoning  by  Swallowing  Ammonia. — This  presents  the  same  phe- 
somena  as  other  caustic  alkalies  except  that  the  respiratory  passages  are 
^  pore  involved  by  the  inhalation  of  the  vapor. 

^^r      ¥ivf  to  10  Cm.  of  thr  olTicial  <uiUi[ion  would  be  toxic;  30  Cm.  ar  generall)'  fatal, 
lUbough  recovery  ha  occurred  from  60  (im. 

InkaiatUm  itf  Ammonia. — Tliis  producer  the  effects  dcsctibcd  under  voUtilclrritaata. 

Cn  0.5  to  t  :  i.ooo  become  insujipor tabic. 
"Pre ^rations,"  set  Index. 
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The  soluble  bicarbonates,  basic  phosphates,  borates,  sulphids  and 
act  as  mild  alkalies,  since  their  watery  solutions  undergo  hydro- 
:  dissociation,  with  the  liberation  of  OH  ions. 

Actions  and  Uses.^By  their  alkalinity,  they  dissolve  mucus,  soften 
Ibc  epidermis  and  hair,  and  emulsify  and  dissolve  fats.  They  arc  there- 
ftra  etnploycrl  in  catarrhal  conditions;  in  skin  diseases  (seborrhea,  acne, 
ichihyosi.^  psoriasis,  and  epidermal  proliferations):  to  facilitate  the  pene- 
imiofl  of  antiseptic  remedies  into  the  skin  (in  scabies,  favus,  ringworm); 
lOanulsify  cutaneous  remedies  (mercury,  tar,  sulphur);  as  lubricants  for 
liniments  (soap  liniment);  as  cleansing  agents  (detergents),  esjiecially  in 
tht  form  of  soaps  and  bora.t;  and  as  depilatories  (especially  the  sulphids). 

Laxative  Action. — In  the  rectum,  soap  secures  prompt  evacuation. 
I1 '»  u^d  for  this  purpose  as  warm  soap-suds  enemas;  or  solid,  formed  into 
»  W(>]Ki3itor\*. 

Tbt  Detergent  Action  of  Soaps. — Thtt  is  due  to  the  mechanical  effect  of  the  fcuun, 
tfa cwttfaification  of  ihe  grease,  and  the  soFtcninj*  of  the  epidermis,  so  that  ihe  ^uper- 
itU  kyen  are  readily  remD%-ed  with  the  ndhrrcnt  dirt. 

Potusiam  soaps  are  the  more  cacrgctic.  They  arc  Acmiliquid  v&oft  MMip);  sodium 
knH  kard  soaps. 

MkaUne  B«tbs. — In  tikin  discOMs  these  are  best  adminUtcred  at  bedtime.  Any 
4  the  ilkAliQc  ^alts  am  be  u>>edi  »ucn  as  sodium  curbuuute  or  biraTbonatc,  potussium 
cuhooute,  or  boRLx,  in  the  proportion  of  about  too  Om.  per  batb;  for  lodoofi,  2  per  cent. 

Benkoljrtic  Actkwi.— .Mkutit~<t.  and  rtpectally  soaps,  are  hcmulytic.  Th^  also  seo- 
•Wlc  iinrunnwtHci  I'l  strum-tysU  {Flesncr,  IQ13). 

¥1tt(oc7tDsis. — This  in  lUmulatcd  by  soaps,  even  in  fairly  high  cDnccotralioos; 
Wl  Qfsdvely  strong  solution^  arc  detrimental  (Ilamhurgcr  and  de  Ilaan,  iQi.i.i- 


PREPAKATIOKS — SOAP 

•54^.  rsp.;  Sape  Durus  (Sap.  Dur.),  B.P.;  Soap  (Wliitc  Castile  Soap).— Pre- 
Fvt'  .    I'lm  hydroxifl  and  oUvc  oiL     A  white  «(i)id;  snl.  in  hot  water  and  ale. 

■'•  B.P.;  Curd  Soap. — Hard  soap  prepared  from  animal  fat. 

'  (Sapy   Moll.l.   U.S.P.;   (Sap.   Mollj    H.P.,   Svft  Soap  (Green  Soap. 

StT"  :  xi  Kalinu^). — Sfade  from  [H)ia.<i9iiim  hydroxld  and  vegetable  oU  (cot- 

*■-  "live,  K.P.)'     A  soft,  unctuous,  yellowish  mass. 

'  Sufwnit,   (I.in.  Sapon,),  U.S.P.;  Soap  Limiftent  (Opodeldoc). — An 

*'•'''  ri  of  (i  per  cent,  of  Map,  4.3  per  cent  of  camphor,  and  1  per  cent,  of 

'*«**i>  (111. 

"Im.  S^p.,  B.P.— Similar  to  the  preceding. 
iia.  Si^n.  if  ail..  U.S.P.  rrincturc  of  Green  Soap), — 1  porU  of  the  io«p,  i  part 
••»W,  Sayored  urilh  lavender  oiL 
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ALKALmE  SULPHIDS 

When  applied  to  the  skin,  the  sulphids  (K,  Na,  Ca)  soften  the  stnlum  corneum, 
much  Sikc  the  alkalks,  and  they  are  used  in  the  same  conditions.  Their  action  on  hair  a 
even  greater,  su  that  tliey  are  valuable  as  depilatories,  especially  calx  sulphurata. 
When  taken  by  mouth,  they  act  as  irrilaiita  antl  corrysivcs,  tbrougn  the  liberation  of 
*ulphurt;tu-d  hydrggen  and  free  alkali. 

Toxic  Doses. — The»e  produce  the  ^ty^Lcmic  effects  of  hydrogen  sulphid.  Dealb  has 
occurred  from  i3  to  15  tim.  Smaller  doses  have  littlt^  s>'stvmic  action,  as  they  ant 
rapidly  oxidized.  They  are  excrdcd  in  the  urine  mainly  as  sulphates;  but  there  seem 
to  be  also  some  organic  sulphur  compounds. 

A  small  amount  of  some  volatile  sulphur  compound  i»  also  excreted  by  the  lunis, 
gtv-in^  the  peculiar  IIjS  odor  to  the  breath,  .ind  causinf;  some  exprelorani  action. 

When  injected  inlrav^nausly.  the  Rulnhids  produce  violent  convulsions,  followed  by 
depri-ssion  of  the  rocdul!ar\-  centers.  This  Is  due  to  a  direct  action.  Outside  of  the 
bod^,  sulphids  form  a  peculiar  compound  with  hemoglobin,  but  this  docs  not  occur 
during  [ife.  in  mammab. 

Tkgra^eutic  Usei. — The  sulphids  are  only  uited  externally,  in  skin  diseases  (psoriasi*. 
acne,  etc.);  and  as  parasiticides  in  scabies  (soljtion  of  the  skin  and  eggs  of  the  mite). 

The  sulphids  have  been  nruposed  as  an  aniidote  jor  hydrocyanic  and,  since^  they 
would  form  aulphocyanids.  which  do  not  have  the  hydrocyanic  acid  action.  This  hsa 
not  been  tested.     It  is  pcs^blc  that  the  reaction  goes  on  too  slowly  to  be  of  value. 


PREPARATIONS — SC  LPH  IDS 

Calcii  Siitphidum  Crudum  (Calc.  Sulnhid.  Crud),  U.S.P.;  Calx  Sulphurata  (Call 
Sulphur).  B.P.;  Crude  Calcium  Sulpiiid,  Suiphuruted  Lime. — A  mixture  containing 
about  55  per  cent,  of  CaS.  A  pale  }j;ray  or  yclloviish  powder;  faint  odor  of  hydrogen 
sulphid;  luiusi-uus  alkaline  taste.  Very  s>lightly  sol.  in  a>ld  water;  more  readily  sol. 
in  boiling  water  with  partial  deMrumposiliun;  insol.  in  ale.  Used  as  depilalor>',  mixed 
with  an  equal  quantity  of  starch  and  made  into  a  paste.  Internally  it  is  used  against 
boiU  and  other  suppuiatiom.  115  cfliciency  is  doubtful.  Doit,  0.06  Gm.,  i  gr.,  V.S.P.; 
iG  to  60  mg..  t^  to  I  gr.,  B.P. 

VUmmgkx's  soiution  is  a  solution  of  calcium  pol>-sulphids,  used  in  scabies  (1  :i). 
and  as  a  bulh  in  nkm  diseases  (3  drams  per  gallon). 

Pot.  Sulphurat.,  US.P.;  il'otoss.  Sulphur.,  B.P.);  .Sulphurated  Potash  (Liver  ol 
Sulphur). — A  mixture  composed  chiefly  of  potassium  polysulphids  and  potasMiun 
thiosulphatc.  Freely  sol.  in  water  (t  :  3).  Used  in  baths  (30  lo  }oo  Cm.,  i  to  6  ouDCCft. 
per  bath). 

HYDROGEN  SULPHID  (H»S) 

Thi:^  gas  is  extremely  toxic,  much  more  so  th&n  is  commonly  realized. 

Actions.— These  are  partly  local  and  irritant,  due  to  its  acid  character;  and  putly 
central  somewhat  re»emK]ii)g  asphyxia.  In  vitro,  it  fornu  a  firm  compound  (sulph- 
hemoKlobin)  with  the  blood  pigment.  Tliick  layers  have  a  brown  color.  Thin  stratk 
appear  a  dirty  green,  which  is  responsible  for  the  postmortem  diKoloratton.  Lewin 
believes  that  the  effects  are  due  to  the  intcKerencc  of  the  compound  with  oxygenation; 
however,  it  is  generally  believed  that  only  traces  are  formed  during  life  (E.  Meyer, 
1898)  and  that  the  sulphid  is  directly  Vjx'k  lo  the  nervous  s>-stem. 

Occurrence. —  IlydroKon  v-nlphid  h  (ffrmi-d  in  putrefarlion,  particularly  of  sewerage. 
".Sewer  gas"  consists  essentially  of  C(>».  NHi,  CFI*.  and  3  to  8  per  rent,  of  HiS.  Small 
quantities  are  also  formed  in  inte'^tinat  putrefaction,  giving  rise  to  diarrhea  and  poMibly 
to  nome  of  the  symptoms  of  "intestinal  aiiluinlo\ica[ion  "  It  may  be  removea  by  tM 
administration  of  bismuth  aalts,  and  its  further  formation  checked  by  cathartics  ami 
intestinal  anii!.eptics. 

Conceatrations  In  Ae  Respired  Air.— 0.02  per  cent,  produces  symptoms,  particu- 
larly irritation  of  the  ronjtinctiva  and  broncnial  mucosa;  005  pet  cent  produces 
asphyxia]  symptoms;  hypcrpnea,  nausr-a,  giddiness,  headnrhe.  cerebral  excitement,  and 
finally  narcosis;  0.07  per  cent,  produces  death  alter  about  an  hour  under  coma,  often 
with  convulsions;  o.t  per  cent,  is  fatal  to  dogs  in  one  and  one-half  minutes.  The  afler- 
e£fects  resemble  tho^e  of  carbon  monoxid.  Edema  of  the  lungs  and  pneumonia  are 
common  sequels  (Lehmann,  1893)- 

HaS  is  partly  excreted  by  Uie  lungs.     The  urine  is  ahw  said  to  contain  sulp>bids. 


SULPHUR 
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It  b  readily  detected  in  air  b^  its  odor  and  by  blackening  lead  or  sU\*er-papcr.  la 
cue  oC  death,  it  may  be  recognized  by  the  blackening  of  a  silver  coin  laid  on  the  skin. 
SOtahur  Springs.— Hydrogen  sulphid  is  contained  in  small  quantity  in  a  number  of 
■loeral  walcfi  {.sulphur  springs).  These  are  recommended  for  a  ^-aricty  of  obscure 
&ordrrs — rheumalism,  Rout,  diabetes,  etc.  When  these  waters  are  administered 
loe  *ome  time,  they  cause  diuresis  and  dJaphorcsLi.  irritation  of  the  urinary  passagea, 
iatestinal  irritation,  and  muscular  pains.  Their  thrTap<-ulic  effects  are  probably  to  be 
rrferrcd  to  tfaeir  Uxati\-c.  diuretic  and  diaphoretic  actions  although  the  general  hygienic 
csaditioas  must  contribute  largely  to  the  results,  a$  with  other  mineral  waters  (Boecker, 

SULPHnU 

lUseft. — Sulphur  is  employed  as  a  parasiticide  in  ilch;  as  a  mild  cutane- 
lirritant  in  skin  diseases  (sulphur  ointment);  and  inlernally  as  a  laxative 
for  ioftening  the  stools,  especially  in  hemorrhoids  (as  Compound  Licorice 
Powder,  or  mixed  with  an  equal  amount  of  Potassium  bitartrate).  Like 
olhw  intestinal  irritants,  sulphur  somewhat  increases  the  elimination  of 
uric  acid  (Abl,  19x3). 

ilanner  of  Action. — Sulphur  itself  is  inactive,  but  by  contact  with 
protons  and  alkalies  it  is  slowly  converted  into  the  active  sulphids.  This 
process  is  so  eradual  that  the  action  Is  alwa\'$  mild  and  protracted,  unless 
tbe finely  divided  "precipitated"  sulphur  is  used.  Ordinary  or  "washed" 
sulphur  therefore  deserves  preference.  Sulphur  is  somewhat  soluble  in 
ointment  bases,  and  this  facilitates  its  action  (Sabbatani,  1913).  Sulphur 
ii  also  burned  for  fumigation,  the  disinfectant  actioa  being  due  to  the 
(oraation  of  SOs. 

^  lOcnMtion  of  Sulphids. — This  is  effected  on  the  skin  by  the  cutaneous  secretions. 
N'odnocc  occurs  in  ilic  stomach;  but  a  considerable  amount  (to  10  per  cent.)  is  coo' 
rtnai  into  HtS  in  the  intestine,  as  may  be  readily  seen  from  the  increased  secretion 
tf  wlphatc  by  the  urine.  The  conversion  wa&  formerly  referred  to  the  alkalies  of  the 
iUcstine;  but  Hefflcr  (1904)  points  out  that  the  alkali  exists  as  bicarbonate,  which 
cnaat  aflect  the  convenuon.  He  showed  that  it  is  produced  by  proteins  of  all  kinds 
l**w  alter  these  are  boiled).  The  h\*drogcn  sulphid  is  formed  most  abundantly  in 
tbf  htge  intestine;  {Taegcn,  1Q12).  (^Frankl,  191 1,  claims  that  the  effects  are  due  to 
the  forniation  of  sulphites). 

CoQotd  Sulphor. — A  new  modificalion  of  sulphur  in  "cnlloid  solution"  produces 
K)S  nach  more  rapidly,  also  on  intravenous  injection;  and  thus  causes  typical  H^S 
piKMina:  without  other  visible  cf!fecl»  (Sabbatani,  1908,  1913.  i9H). 

Alopecia. — Sulphur  (2  to  4  per  cent.)  is  used  in  the  seborrheic  form,  as  also  other 
Mtaots  (salicylic  acid,  i  to  3  per  cent.;  mercuric  chlnrid,  0.1  to  0.4  per  cent.;  beta- 
ttpfathal,  t  to  3  per  cent.;  pilocarpin,  0.15  per  cent.;  cantharide«;  resoreln  (i  to  1  per 
ML,  discolon  the  hair).  These  agents  may  be  diswlved  io  water,  glycerin  or  oils,  or 
q^Grd  as  ointincDts  (Dore,  1914). 


PRJEPARATTONS — SUU^HVR 

^Sutpkur  SiMimatum  (Sulph.  Sublim.),  V.S.P.;  (Sulphur  Sublici.),  B.P.;  Sublimed 
^Aur  (Flowers  of  Suluhur). — .\  fine,  gritty,  lijjhl  vcllow  powder,  of  sli^t  odor,  and 
Uotlt'  arid  ta^tc.  Irts^il.  in  water;  nearly  inM>1.  in  ale;  slightly  sul.  in  fat  solvents  and 
*b;  indy  «oL  in  carbon  diBulnhid.  For  fumiKation,  it  is  used  in  the  ratio  of  a  pountls 
pa  1,000  cubic  feet.     It  contains  iKimc  free  acid  and  other  imnuritic<>,  but  h  sufncicntly 

S>T  for  medicinaJ  um,  although  the  \Va<%hed  should  be  preferred.  It  enters  into  all 
'  B.P,  prrptuations,  whilst  those  of  the  U.S.P.  arc  made  from  Washed  Sulphur.  Dosr, 
4Gbl,i  dtajB,  U.S.P.:  1.}  104  Gm.,  30  to  60  gr..  B.P.  Sulphur  aUo  enters  into  Pulvts 
QrcyrAixB  Co.  («ee  Index). 

.  *Ulfkm  Lof¥m  (Sulph.  Lot.),  U.S.P.;  Washed  Sulphur.— Tliis  is  prepared  by  wanh- 
ni  Ac  pcttcedinic  with  ammonia  water  to  remove  the  acid.  lu  properties  are  similar 
<»the  prrcedin^  but  it  is  tasteless  and  odorless.     Dojr.  4  Cm.,  1  dram,  U-SP. 

StUfJntr  PracifUaium  (Sulph.  Prax:.).  U.S.P.;  (Sulphur  Praic.),  B.P.;  PrecipiUted 
*fc*«r  (Lac  Sulpnurts,  Milk  of  Sulphur). — This  is  prepared  by  precipitating  sulphur- 
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atcd  lime  wiih  acid.  ,\n  amorphous  pole  yellow  powder.  It  is  a  much  frntr  powder 
than  sublimed  sulphur  and  is  therefore  rather  more  active;  but  its  dose  U  the  same. 

*  I'nguentufi  Sulphiirh  (Ung.  Sulphur.],  U.S.P.,  B.P.;  Sulphur  Oinlinent. — 15  per 
cent,  of  sulphur.  L'.S.P.;  10  per  cent.,  B.P.;  in  lienzoinated  lard. 

Canf.  Sulphur.,  B.P. — 45  per  cent,  of  Sulphur,  11  per  cent,  of  Potass.  Bitart.  Dote, 
4  to  8  Cm.,  60  to  I30  gr.,  B.P. 

Track.  Sulphur.,  B.P.— 0.3  Gm.  of  Sufphur. 
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Uses.— Peculiar  value  has  been  altribuled  tn  ihe  incompletely  oxidized  sulphur 
occurring  in  organic  compound?.  The  pioneer  product  of  this  kind  is  ubikyof,  which 
contains  10  per  cent,  of  sulphur  as  ftulfona.  mercaptans  and  sulpbids.  It  is  weakly  anil- 
septic  and  mildly  irrilanl.  Taken  inlernally,  it  produces  M*tro- intestinal  irritation, 
with  diarrhea.  Its  influence  on  metabolism  is  in  diKpulc.  It  has  been  usfd  locally  to 
cause  absorption  of  swellings  and  cfFu!>ir>ns.  in  contusions,  burn»,  etc..  and  especially  in 
gynecologic  practice.  It  has  also  proven  u5efu)  in  skin  diseases,  acting  somewhat  like 
sulphur.  Inlcrnatly.  it  has  been  endor^^HJ  against  the  greatest  variety  of  diseases  of 
digestion,  respiration,  genito-urinary  tract,  tuberculosis,  etc.  These  claims  ticar  the 
stamp  of  exaggeration. 

IcAthyol  Substitules. — The  disagreeable  odor  and  lastc  of  tchthyol  cannot  bedts- 
gtiised  by  flavora,  but  can  be  removed  by  combination;  Ithlhalhin,  a  compound  with 
albumen,  has  been  recommended  for  internal  administration;  Ifhihyojorm,  an  almost 
insoluble  compound  with  formaldehyd.  as  antiseptic  dusUng  powder. 

The  commercial  success  of  ichthyol  has  led  to  the  subslJtution  of  a  number  of  lyn- 
tbaii  prodtuls,  formed  by  saturating  mineral  oils  with  sulphur.  Thicl  and  TtimfnM  are 
the  principal  products  of  this  clasii.  They  seem  to  have  the  same  actions  as  ichthyol, 
and  are  tasteless.  I.in.seed  nil  satumted  with  sulphur  has  long  been  used  in  domesti 
medicine  under  the  name  of  Harlem  Oil. 


PREPARATIONS — ^ICITTirVO  L 
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Ichhyol,  N.N.R.  {.\mmonium  Sulpho-iirhthyolatc). — .\  mixture  prepared  by  sulpli- 
oning  the  tar-!tke  distillate  obtained  irom  bituminous  shales  found  in  T>to1,  and  which 
contain  the  fossil  remains  of  fishes.  A  dark  brown  syrupy  liquid  of  chnructtristic 
empyreumatic  odor  and  burning  taste;  of  faintly  acid  reaction.  Misciblc  with  glycerin, 
oil  or  fats;  incompletely  soluble  in  ale.  Insoluble  in  water  (Hostmaim,  1915).  Dose, 
internally, 0.3  to  ace.  (j  to  10 minims)  mostly  in  Mmnle  sus7>cnsion in  water,  or  pepper- 
mint water,  .sometimes  in  the  form  of  pills  or  capsules;  locally,  in  vaginal,  uterine  or 
rectal  suppositories;  in  o.ot>  to  0.18  c.c.  (t  to  3  minims)  bougies  or  1  to  3  per  ccnL  solu- 
tion for  gonorrheal  treatment. 

The  cvmpouMs  and  sttbitHulcs  are  described  in  N.N.R. 


THIOSINAMIW 
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Uies. — This  is  allyl-sulphocarbamid,  prepared  by  heating  volatile  oil  of  mustard 
(allyl  thiocya.nale}  with  alcoholic  solution  of  ammonia.  It  was  introduced  by  liebra 
and  Unna.  i^i,  and  has  been  credited  with  cauaing  the  absorption  of  exudates,  lym- 
phatii:  swellings,  scar-tissue,  etc.;  and  with  the  cure  of  lupus.  The  administration  must 
be  continued  for  weeks,  and  combined  with  massage  and  other  adjuvant  measures.  It 
is  therefurc  dlfTicult  to  judge  whether  tc  has  any  value.  The  clinical  ojunions  are  con- 
tradictory, and  no  satlifactor)*  explanation  has  been  offered  for  its  reputed  eHecls.  It 
probably  does  little,  tf  any  good,  and  it  may  produce  tosic  systemic  cUecls,  although  it 
u  usually  well  liorne,  except  for  the  bitter  taste  and  garlic  eructations. 

Toxic  Efects. — In  man,  i  Cim.,  or  o.a  Gm.  on  repeated  tise,  have  catued  headache, 
nausea,  vomiting,  lassitude  and  fever  (J.A.M.A.,  $6  :9>i$,  1911;  Charteria,  igio;  Seifcrt, 
Nebcnwirk..  191;.  p.  1^2^.  These  may  act  in  suddenly  after  it  has  been  used  for  a  time 
UDe%-cnt fully.  In  animals,  Tyrode,  igio.  found  impaired  respiration,  eventually  cessa- 
tion, and  death;  sometimes  pulmonary  edema  and  hyTicremia  (Lange,  i8qi).  The  circu- 
lation is  not  aOfvcted  in  mammals,  but  high  concentrations  paralyze  the  frog's  heait- 
Smaller  doses  produce  severe  changes  in  metabolism,  \rilb  loss  of  nitrogen  and  rapid 
emaciation;  and  fatty  degenerations  of  parenchymatous  organs,  especially  tlie  heut 
and  kidneys.     Xormal  connective  tissue  showed  no  changes 
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OrAcr  Alljil  Compoundt. — .\llyl  acetic  acid,  allyl  urea  and  dimcthylaUylaniin  nrtr 
indifferent;  allyl  iodiri  b  lilrongly  irritant;  altyl  formate  produces  necrosis  of  ihc  liver 
lad  Udneyv;  wi\y\  arain  n  higbty  toxic.    The  effects  are  de«;ribed  by  Piazsa,  IQ15. 


PREPARATIONS— THIOSIN  ASIIN 

rHcwMlnM«A^^^R.;Thiosjflaminc;(NII5)  CS  NHCHr  CH:CH,.— Coiortessciyi- 
uK  of  slight  garlic  odor  and  l>ilttrr  taste.  S1i;^titly  sol.  in  water,  with  deoompositkifi; 
4iHolv«s  in  ale.  or  glyc.  The  oral  dole  is  0.03  to  0.1  Gm.  in  cap&ules.  It  is  usually 
•dnBnistemi  by  hypudermic  injectioa  (which  need  not  be  made  at  the  site  of  the  lesion), 
My  iQ  every  ihini  da>',  0.05  to  0.2  Gm.,  in  15  per  a-nt.  alcohol  or  10  per  cent,  clycerin. 
Sbcvtbe  folvcnts  produce  locaUITitation,^■^^r(^fy,ttM  may  be  substituted  (Mendel,  1905). 

Pikral)fsm.  N.N.R.  [IJq.  Thioiunani.  Sodio-Salicylatis). — 15  per  cent,  of  a  double 
uli  of  Ihiounamin  and  sod.  salicyl.  Dost,  a  :  c.c.  vial,  corresponding  to  0.2  Gm.  of 
TULonnunio. 

CAOSnC  ACIDS 

Members. — The  most  typical  acids  in  regard  to  the  local  action  are  tulpkurif  and 
hytmdiUnic  odd.  SUrU  acid  produces  the  same  cficcts,  but  differs  from  these  in  its 
ckak  action,  producing  xanthoproteic  acid  from  the  proteins.  The  sulpkmoui  acid 
hM  abo  a  marked  corrosive  power.  Ilydrojtuoric  acid  has  a  specific  toxic  action,  pcne- 
Uitei  very  dreply  in  virtue  of  its  volatility,  and  is  especially  strongly  corrosive,  pro- 
iadag  obstinate  ulccn.  It*  inhalation  from  air  containing  0.01  per  t*-nt.  produce* 
witc  catarrhal  irritation.  Of  the  organic  acids,  those  of  the  fatty  scries  act  similarly, 
but  a«  weaker.  The  Irichior'nrflic  acid  is  the  inost  corrosive  of  Ihew.  Tlie  volatility 
tf  nKst  of  the  fatty  acids  makes  them  more  penetrating  than  the  mineral  acids.  Oxalic 
ttU  occupic*  a  place  by  itself  on  account  of  its  specific  toxic  action,  produced  probably 
b]f  tbr  precipitation  of  the  calcium. 

"Hie  tompmtnd  acids — such  as  ethyl -sulphuric,  etc. — act  like  organic  adds.  The 
VHM/ir  acUi  act  partly  aa  acids,  but  this  action  is  greatly  obscured  bv  their  collapse 
Ktion. 

Tbe  irritant  action  of  the  acids  is  also  shared  to  some  extent  by  the  acid  salts,  acid 
ttrtrat3,  add  sulphates,  etc. 

Uanntr  a/  Actum. — This  varies  to  some  extent  with  the  conslituenlsof  the  tissues. 
Sot,  00  the  whole,  it  consists,  with  concentrated  adds,  in  nHlhdravral  of  n-ater;  in  the 
jomatjon  uf  add  albumins;  in  softening  of  the  cotuiectivc  tissue  and  epithelium;  and 
bipedal  situalions,  in  solution  of  calcareous  material. 

Afl  the  concentrated  acids  have  an  affinity  loi  water,  and  withdraw  this  from  the  cells. 
Tbk  affittity  is  t-o  strong  in  the  case  of  concentrated  H>SO(  that  not  only  the  formed 
•Metb  writfadravn  from  the  tissues,  but  the  element*  H  and  O  arc  split  off  from  their 
danic  combinations  with  carbon,  leading  to  carbonization. 

All  aadi  conviLTt  firoleins  into  and-.il burning.,  nhich  are  insoluble  in  moderately 
*(*(;,  but  soluble  in  concentrated  or  vcrj-  weak  add^.  Upon  this  precipitation  ol 
fMcam  ffepends  thf-ir  astringent  and  styptic  action. 

TV  cmnnfcuvf  lissur  undergoes  a  rather  peculiar  change.  It  is  not  dissolved,  but 
■  loftiaM)  and  rendered  more  soluble  in  boiling  water.  (This  explains  why  meat  be- 
osmo  more  tender  on  keeping.)  The  concentrated  acids  have  a  (similar  effect  upon 
»f>Adium.  Without  actually  dissolving  il,  they  soften  it  in  such  a  manner  that  it  ia 
■■lily  detached.     Dilute  acid^,  on  the  other  hand,  harden  it. 

ftrigftping  }jj  Concentrated  Adds. — Thi:^  presents  the  usual  phenomena 
fllttu^ijc  poiwning.  It isextrcmely painful.  The"cofl'ce-grounds"voniit 
B  characteristic.  Scar  formation  and  stenosis  are  frequent.'  The  prog- 
>«a  lad  toxic  dose  depend  upon  the  concentration,  and  the  parts  affected. 
*n»c  treatment  has  been  discussed.  Sulphuric  acid  poisoning  is  the  most 
tootmon. 

Cootinucd  exposure  to  the  vapors  of  acids,  such  as  occurs  in  certain 
trade,  gives  rist  lo  chronic  bronchitis.  They  also  attack  the  teeth 
inil  Irom  these  the  necrosis  may  spread  to  the  jaw,  as  with  phosphorus. 

_  ,Pw. — Becaose  o(  the  intense  pain,  deep  penetration  and  extensive  scar  formation, 
*•  ait  Dot  desirable  cauli-rizanls.     A'rVn'c  and   tn-fUtt-acflk  atid  form  relatively 


I  ochara,  ao  thai  thdr  action  is  mare  circumscrilNxI  and  less  [>ainful. 
'  See  T.  HofTmMiB'i  Allu  of  Legal  Medicine,  Plates  jj,  34,  35.  J6  «ad  jt< 


Sutphuric 


13? 


UANUAr.   OF    PHARMACOLOGY 


acid  has  been  made  into  a  paste  with  variuus  inert  powdeo  (charccwl,  sawdtist.  lead 
sulphftte,  etc.)  to  (localize  it5  action,  but  is  stilt  pAinfuI  and  diSicuU  to  control  {ru<.cy, 
iQTj).  Lactk  acid  has  a  relatively  mild  action  on  normal  tbtiucs.  Chromic  acid  may 
cause  pDiaoninR  whi-n  u»ed  as  a  eaustic. 

Antiseptic  Action. — Thr  di^truction  of  proteins  makef  acidn  efficient  anli«eptics 
Even  quite  dilute  solutions,  such  as  the  gastric  juice,  suffice  to  Hmil  the  growth  -"-  -  - 
leria.    The  concentrated  acids  destroy  them  outright. 


PREPARATrONS — CAUSTIC  ACIDS 


h  of  b>C»     j 


Acidum  HydrockhrUum  (Acid.  Hydrochlor.),  U.S.P,,  B.P.;  HydrocUoric  Add 
(Muriatic  Acid). — Ahout  ii  per  cent,  of  IICl.  Colorlcis,  fuming  liquid.  Pungmt 
odor.  The  eoutiNrrcitU  acic  (strength  =^o  per  cent,  la  33  per  cent.)  ha*,  a  gulden  yellow 
color  due  to  Fe  and  free  Ct.  Siince  it  often  contains  A&,  tt  should  not  be  tuod  in 
internal  medicim*. 

Aeutunt  LactUum  (Acid.  Lact.),  U.S.r..  B.P.;  Lactic  Add-— A  liquid  con uininr 
Lactic  Acid  (optically  inactivp  alphaliydroxyprnpionic  add,  CHjCHOH.ClX>H)  arto 
lactic  anhydrides.  A  colorless^,  or  slightly  yellow,  syrupy  liquid,  nearly  odorless,  add 
taste,  absorbing  moisturv  on  exposure  to  air.  Mi&cfbic  with  water,  ale.  or  ether. 
Dtist,  3  ex..  ,10  minim.*,  U.S.P. ;  1  to  ?  c.c.  30  to  ^»o  minims,  B.P.  Used  as  caustic, 
especially  for  dissolving  diphtheritic  membranes. 

"  Acidum  XilrUum  (Atid.  Nit).  U.S.P..  B.P.;  Nitric  .\cid.— About  70  per  cent  of 
HNOi-  Fuming  liquid,  verj*  caustic  and  corrosive.  Peculiar  somewhat  suffocating 
odor.  Used  as  a  caustic  for  warts  (gla$«  rod);  againiit  hj-pcrhydrosisof  fect(r  to  i  ounces 
to  pail  of  water);  as  disinfectant  (will  cornxtc  metal  vessels  nr  pipes). 

ComnKfciai  nitric  arid  contains  about  60  to  64  per  cent. ;  the  "/utning"  add  is  almost 
absolute  UNO,,  .'laturated  with  NOi. 

Acid.  NUrokydrocbL.  U-S.P.;  Nitrohydcochloric  acid  (Nitromuriatic  add,  Aqua 
Regia). — .\  strong  solution  containing  hydiwhlorit.  acid,  nitric  acid,  nltrosvlchlortd  &od 
chlorin.  Made  by  mixing  iS  c.c.  of  nitric  acid  with  83  c.c.  of  hydrochloric  acid.  A 
golden -yrllow,  fuming,  and  very  corros.ivc  liquid;  strong  odor  of  chlorine.  Dote,  o.a 
c.c,  3  mininu,  U.S.P.,  diluted. 

Acid.  Nitrokydrochl.  Dii..  U.S-P. — Nitric  acid.  10  cc;  Hydrochloric  acid,  45.5  cc; 
Water,  194.5  c  c.  Colorless  or  pale  yellowtsli  liquid.  Faint  odor  of  chlorine.  Dost, 
I  cc,  15  minims,  U.S.P.,  diluted.  On  account  of  the  free  chlorin,  it  may  be  supponcd 
to  have  a  stronaer  local  irritant  action  than  HCl.  It  i»  populaHy  supposed  to  ''stimu- 
late the  liver,"  but  its  action  does  not  differ  in  kind  from  tnal  of  other  acids. 

Acid.  Nilrv-hydrocM.  Oil.,  B. P.— Nitric  acid.  14  c.c;  Hydrochloric  acid,  32  c.c; 
Water,  100  c.c;  kept  fourteen  davs  before  use.  Date,  0.31  to  i.i  cc,  5  to  so  minimi, 
B.P.,  diluted. 

Acidum  Osmicum,  Osmit-  Acid,  OSO4. —  Intraneural  injections  are  used  lu  produce 
degeneration  of  nerves  for  the  relict  of  persistent  neuralgias  (Billroth  and  Neuber. 
1885).  The  treatment  is  liest  applied  by  injecting  t^  to  i  cc.  of  a  fresh  i  to  3  per  cent. 
solution  directly  into  the,  preferably  exposed,  nerve.  The  result  is  sometimes  imme- 
diate, but  more  commonly  it  is  not  complete  until  after  one  or  two  weeks,  or  it  mAV 
even  fail  entirely.  U  successful,  the  effects  per»stat  least  for  several  months,  when  it 
may  become  necessary  to  repeat  the  injection.  They  are  rarely  if  ever  pernwaeDl. 
The  local  reaction  is  always  painful  but  not  serious.  It  is  probably  not  ad\iaable  to 
use  osmic  acid  in  the  presence  ol  renal  disease  (Kastman,  :9o6). 

Acid.  StttpliuricHm  (.Arid-  Sulph.).  U.S.P.,  B.P.;  Sulphuric  Add. — About  95  percent, 
of  HiSO«.  An  oily.  coSorless  liquid,  acquiring  a  brown  color  if  exposed  to  dust.  Veij* 
intensely  corroMvc,  charring  organic  substances.  Miscible  in  all  proportioru  witn 
water  or  ale  with  the  evolution  of  much  heat.  (Such  mixing  must  be  done  vcr>*  cau- 
tiously by  slowly  pouring  the  acid  into  the  water,  under  constant  stirring.)  The  Com- 
merciiii  Sulphur  if  Acid  (Oil  of  Vitriol)  is  very  apt  to  contain  arsenic,  ana  should  not  be 
cmployxd  in  mcdidne. 

Acidum  TricHloratciicHm  l.\cid.  Trichloracel.),  U.S.P.;  Trichloracetic  Acid. — A 
monobasic  organic  acid,  CCUCOOH.  Colorless,  deliquescent  crystals,  having  a 
slight,  characteristic  odor.  Very  sol-  in  water  or  ale.  Used  in  substance  or  strong 
lolution,  especially  against  warts,  less  painful  than  nitric  add. 


DILUTE  ACIDS 


4 


Local  Effects. — Dilute  acids  produce  a  mild  irritation,  and  at  the  same  time  harden 
the  epithelium,  without  destroying  it.  They  differ  from  the  volatile  organic  irritant* 
in  that  they  do  not  penetrate  so  deeply,  and  do  not  cause  nephritis. 


JODIN 
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Tbey  mmy  be  used  in  the  form  of  bnths.  b  ihc  5lrengUi  of  about  30  c.c.  (1  ounce)  of 

ccatrated  icid  to  the  bath  (jo  frallons).    Or  they  may  be  applied  as  lotions.     In 

Ihb  esse  the  >*olatilc  acids  are  pmVrred,  because  their  action  is  deeper.     Formic  acid 

ku  a  «peaa]  reputation.     It  is  u^ed  in  the  strength  of  about  4  per  Cent,  or  5  p«r  cent. 

is  alcoDoL 

Thii  slimuUtion  of  the  skin  without  destruction  of  epidermis  is  used  to  increase  the 
iiDOual  of  sweat;  and  acids,  usually  in  the  form  of  vinegar,  are  therefore  used  for 
yonpng  in  fevxr.  (Da  this  account  they  have  received  the  name  of  "refrigemnts." 
UB  toe  other  hand,  they  are  utetl  in  excessive  secretion  nf  swtat  fsweaiingfeett  10  harden 
ihccpidcmilt.  For  Ihb  purpose  5  or  10  c.c.  of  concentrated  hydrochluric  add  are  put 
in  a  M*>in  of  water  and  the  feet  placed  in  this  until  they  become  painful.  Thi&  is  done 
•bwit  tvrke  a  week. 

»Thc  irritant  action  of  the  volatile  acids  is  wmetime:^  employed  to  produce  reflex 
ftimulAtuin  of  the  central  nervous  !ty?<tem  by  inhaling  vinegar,  etc 
Addmm  Formieum. — formic  Acid.  HCOrll. 


THE  HALOIDS 


TtieK  comprise  frromin,  iodin,  ekhrin,  and  the  hypockhritcs. 

Their  corrn»ive  action  U  drterniiiicd  by  iheir  entering  very  easily  into  chemic  reac- 
tkn  viih  all  kinds  of  organic  fubsianccs,  takini;  from  Ibem  hydrogen  and  forming 
bttmliroinic,  hydnxhloric,  and  hydrioilic  adds,  which  have  the  yrdinary  add  actions, 
ti  *ateT  li  nfc*cnt  they  set  free  o\ypcn  In  the  form  of  ozone,  by  combininR  with  the 
Mrogrn  nt  the  wairr;  thi?  is  a\n)  a  stronff  irritant.  The  halogens  furthermore  enter 
anctJr  into  the  prolrin  mulcrule. 

Cktorin  is  discussed  under  the  disinfectants. 


IODIN 


^^^HDufl. — The  tincture  or  solution,  pointed  on  the  skin,  produces  a  mild 
^r  tni  deep  and  persistent  irritation  which  can  1>c  easily  graduated  by  suc- 
^    Caave  applications.    This  irritation  is  used  to  secure  the  correction  of 

dtronic  inflammations  and    the  absorption   of  inflammatory*   exudates 

(pleura,  joints,  etc.);  also  as  an  antiseptic;  and  formerly  for  securing  ad- 

krrive  inflammation  of  serous  cavities  and  cysts.    The  internal  uses  are 

discuiued  under  "lodids" 

Antiseptic  Action. — This  is  used  especially  for  disinfecting  wounds,  and 

fv  preparing  the  stin  for  operations  (Woodburg.  kjo;).  For  the  latter 
■  {Kupose,  the  ofEcial  tincture  is  painted  over  the  operative  field  on  the  pre- 
^B  mfing  day,  and  again  just  before  operating.  The  action  is  attributed 
^"  lo  the  formation  of  antiseptic  compounds  with  the  tissues  (Schumacher, 
I         '?'5)'    Bacterial    tests    from   the  skin  have    given  equivocal    results; 

Really,  the  results  are  excellent,  even  dirty  wounds  healing  rapidly. 

Experimental  results  with  infected  wounds  were  also  good,  the  iodin  being 
I  tffective  within  five  hours  after  infection,  i.e.,  until  the  bacteria  have 
I        sprtid  too  deeply  (Brunncr.  1015}.    The  stain  may  be  removed  by  warm 

cwrentrated  solution  of  sodium  Ihiosulphate  (Snoy,  igii).    Sometimes 

tWr  is  severe  irritation  (Herzog,  1914). 

L«cal  PhcnomeaE. — .Applied  to  the  skin  iodin  produces  a  mahogany  color,  eioarting, 
ffllfnatous  inflammation,  infiltration  of  subcutaneous  tissue,  desquamation  of  the 
rpatrmu  in  large  shreds;  if  repeated,  vesication  results.  The  effects  on  mucour 
^tttnoa  are  taurv  severe  and  may  produce  corrosion.  Its  action  is  chemical,  since 
^^wdpitales  proteins  u  easily  dissociated  compounds.  It  Is  absorbed  from  the  skin 
■■^fadlly.  an'l  excreted  mainly  in  the  urine  as  iodid. 

^^■llOTmeDt  as  CoantertnitBiit. —  Iodin  is  used  especially  in  chronic  pleural  effusions, 
2|<Bfcihruniati-.ni.  dlwased  joints,  enlarged  l>'mph  Klands,  lymphangitis,  etc.  It  has 
**t»ni  cmplo^-ed  in  er^-sipclas,  painting  the  tincture  from  the  periphery  toward  the 
*Wo,  iK-e  or  sr»  limos  dailv  (Ferrari,  igi  1);  but  Wood  warns  that  the  action  must  be 
9>4ti  my  mildly,  or  U  wfll  produce  etteosive  necrosis. 
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Injectioas  toto  cysts,  li>'drocele,  empyema,  etc.,  produce  at  first  increase  of  the  Ouid, 
thrn  adhosive  inflammation.  The  injections  are  very  painful,  and  have  often  caused 
serious  poisoninK.     They  arc  now  displaced  by  surgical  procedures. 

Toxic  efffctsjrom  iodin  absorpiion  frum  cysis  cunsbt  in  cyanosis,  s-alivalion,  vomittnif, 
skin  cniptinns,  hifih  fever,  and  collapse.  The  urine  is  scanty  and  alhuminous.  The 
intoxication  may  persfat  for  several  da>-s  ajid  then  end  mth  sudden  dcalh. 

The  toxic  effects  of  swallowing  iodin  are  successively:  gastric  uneasi- 
ness; disagreeable  metallic  taste;  \*iolcnL  vomiting;  abdominal  pain;  and 
sometimes  purging.    The  vomit  has  the  color  of  iodin,  or  is  blue  if  starch 

is  present. 

The  fatal  dose  corretiponds  to  about  a  or  3  dm.;  but  rtca^'cry  is  said  to  have  occumd 
ttftrr  10  Om. 

The  treatment  of  iodin  poisoning  consisls  in  evacuation;  dcmulcenis 
(eggs,  milk,  oils,  and  cooked  Hour  or  starch,  which  form  loose  compounds 
with  iodin);  dilute  alkalies  (NaHCOj);  and  5  per  cenu  sodium  thiasul- 
phate  ("Hv-po ')■  The  last  binds  the  iodin:  aNajSjOs  +  2I  =  aXal  4- 
NasS^Ofl  (Sabbalani,  1913).    The  further  trealmenl  would  be  symptomatic. 

CircuialioH. — Perfusion  of  excised  frog  hearts  tt-ith  dilute  iodin  BOlutions  producer 
irregularities,  followed  hy  depression.  Stronger  solutions  result  in  dia^tuhc  arre^l- 
IstravcDousty,  it  depresses  the  circulation  Rrcatly  in  cats,  not  in  dogs  (Salant  and 
Livingston,  igiO). 

Toxic  F.Jfffl  i»  .lfij«*Hd/i.— Boehra,  i8;6,  found  that  the  intravcDOufl  infection  of 
OA).  Gtn.  per  K|i.  is  fatal.  Symptoms  set  in  only  after  6  or  3  hours,  with  exhaustion, 
dyspnea,  and  di-atli  in  1  2  to  24  hours.  Xecri>pt;y  s)io\\'s  bloody  pulmonary  and  pleural 
exudate  and  rctml  congestion  and  hemorrhages, 


FREPAR  ATtO  N  S  —IODIN 

lodum,  U.S.P.,  B.P.;  Iodin.  1.  Bluish  black,  friable  scales,  of  distinctive  odor  and 
acrid  taste.  Very  slightly  sol.  in  water  (1  :  2050);  sol.  in  ale.  (i :  12.5),  or  glyc.  (1  :  80); 
freely  sol.  in  fat  solvents  or  aqueous  solutions  of  iodids.  Dose,  $  rag.,  .^g  gr.,  tJ.S.P., 
diluted;  maximal,  ^o  mg..  ij  ii^- 

•  Tr.  Icdi,  U.S. P.;  Tincture  of  Iodine. — 7  per  cent,  iodin;  s  P«r  cent.  KI;  in  ale. 
Dote,  0.1  ex.,  I  '■)  mmim»,  U.S. P.,  diluted;  maximal.  0.3  t.c ,  5  minims.  The  KI  in 
the  tincture  makes  it  mtscible  with  ualcr  and  insures  a^Ainst  loss  of  strength  on  keeping 
(Wetterstroen,  tQo8).  (When  iodin  i;-  admini^lered  in  milk,  it  is  largely  converted  into 
iodid  and  albuminates), 

*The  pri>uifii(  iMtompaiibUitits  of  iodin  are:  alkaloids;  alkalies  and  carbonatM; 
:annin;  tuqjentuie  and  volatile  oils. 

•  Tr.  lodi  Fort.,  H.P. — 10  per  cent,  iodin,  t)  per  cent.  KI. 

Tr.  lodi  Mit.,  B.P.— 1.5  iodin,  3.5  per  cent.  KI.  Dosr.  o.ti  to  0.3  c.c,  a  to  5 
minims,  U.P.,  diluted. 

£17.  lodi  Co.,  U.S.P.  (Luffol's  Solution). —  5  per  cent,  iodin,  10  per  cent.  KI,  in 
Dose,  0.1  c.c,  t  minims,  U-S-P  ,  diluled- 

U»£.  Icdi,  U.S.P.,  B.P. — 4  per  cent,  each  of  Iodin  and  KI,  in  Jard  base. 


BROMm 


iv  a  few 


This  is  a  reddish  brown,  very  volatile  and  intcnBcly  corrosive  liquid.  Only  a  few 
imlAACes  of  swallowing  hromin  are  recorded.  In  one  of  these  (SncU,  1850),  death  oc- 
cumd seven  and  one-half  hours  after  taking  an  ounce.  The  antidotes  would  be  eggi 
and  starch. 

InhalatioD  of  bromin  vapors  u  very  irritant  to  the  respiratory  organs.  1 :  2,000,000 
of  air  is  already  disagreeable;  10 :  1,000,000  it  said  to  be  dangerous. 


THE  LOCAL  ACTIONS  OF  METALUC  SALTS 


Mechanism  erf  Action. —  Metallic  salu  combine  u-ith  proteins  to  form  more  or  l 
difficultly  soluble  compounds  containing  varying  amounts  of  the  metal  and  proteins* 
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Theaadot  the  metallic  ult  U  thus  set  free.  If,  for  instance,  a  solution  of  ferric  chiorid 
it  added  to  egg-albumrn,  the  Tf*u\l  h  an  albuminate  of  iioc,  and  free  hydrochloric  add. 
Thift  free  add  will  ex*rt  iu  own  irritant  action.    ^ 

The  local  effects  of  metallic  salts,  therefore,  rest  on  two  factors:  the  prcdpitant  action 
of  the  metal,  and  the  irritant  action  of  the  liberated  add.  Botli  influence  the  total 
ctfecl. 

CornMiTe  and  Astringent  Metallic  Sahs.^ — Somenf  the  melnlalliuminnte;.  are  almost 
iasolublc  in  water;  some  are  soluble  in  csce^  of  protein,  cspcdally  vfhtrt  neutral  sails 
«jt  piv«ent;  others  are  not.  It  the  pn-dpitate  h,  soluble,  there  is  no  obstadc  to  the 
pcoetnltoo  of  the  metal,  and  it5  action,  irritant  or  caustic,  h  deep.  K.  on  the  other 
usd,  the  precipitate  b  insoluble,  as  in  the  case  ot  lead  salts,  pcnelration  can  tiot  Lake 
place;  the  irritation  h  confined  to  the  surface,  and  an  astringt^nt  nclinn  reiudls.  In 
KSard  to  this,  the  metaU  <lan<l  in  about  the  following  order:  The  most  at^tringrnt  is 
ud;  then  comca  aluminum;  then  iron;  then  zinc,  copper,  silver,  and  tin,  which  stand 
ibotil  un  a  level;  the  mu>t  mu^tic  h  mercury.  As  to  the  lilwrated  aetds.  (he  s^lronircst 
ouslic  action  appears  in  hydrochloric  acid;  then  conie«  nitric  acid;  then  sulphuric; 
ihea  phij<ph<>rif.  the  weakest  of  ail  arc  the  organic  adds — acetic,  citric,  and  tartaric. 

By  proper  combination,  then,  between  ihc  metals  and  the  adds,  one  may  obtain 
Uqrjtnide  of  action  from  pure  caustic  to  pure  nstringcnt. 

The  most  tj-pical  caustic  would  he  mercuric  chlarid,  the  most  t^'pical  astringent, 
lead  acetate. 

The  strength  of  action  will,  of  course,  alM>  depend  upon  the  concentration  in  which 
llir  ult  i«  u»ed.  and  this  is  often  limited  by  in  solubility.  The  chlorid  of  silver  would, 
thtorvtirally,  be  a  stronger  cnu»tic  than  the  nitrate,  but  since  it  b  not  soluble,  il  can  not 
btUKd^tn  the  game  cunccnlration. 

It  must  not  be  fon^ntu-n  that  the  irritant  action,  the  astringent  action,  and  the 
laHk  action,  are  men-ly  degrees  of  the  same  procc^.  The  astnnRcnt  action  always 
pnccdcs  the  cau)>tic  action;  and.  consetiucntly,  by  prnper  dilution,  one  may  obtain 
IttriagcnC  effects  from  salts  which  are  ordinarily  purely  caustic.  Forinstance,  silver 
bUoic  can  be  so  graduated  in  strength  as  to  have  a  purely  astringent  action,  without 
uy  caustic  efTect  whate\-er. 

It  is,  therefore,  impossible  to  establish  a  perfectly  defmite  classification  between  the 
atttOic  s&ll^    Aq  approximation  to  il  Is  given  in  the  folluwiiit;  tabic: 

Uainly  Caustic:  All  IIr  -wits;  ZnCl,;  SnCU;  SbO,;  tartar  emetic;  CuSO*. 
Both  Caustic  and  .\Atringent:  Fc  salts;  ZoSO*;  ZnAc**;  Cu.\ci;  .\gNOi; 

Pb(N<).),:  Pl.lj. 
&£alnly  .;\:itrin^ent:  .Alum;  PbAci;  PbjOAct;  ZnO.     Qi  subnitrate;  white 

precipitate 

,  Action  of  SfetaUu  Salts. — This  was  formerly  used  quite  cxtenuvcly,  hut 
'  been  larRcly  abandoned.  Moat  are  not  sulVicienlly  powerful  for  tliis  purpose; 
^tn,  are  too  to\ic,  being  abMirbed  in  sufTicienl  amount  to  produce  p«>isiming. 
Tift  tile  tatiex  class  belong  arsenic,  antimony,  and  mcrcur>'.  Zinc  chlorid  and  antimony* 
<UMid  (Butter  of  Anllmnny)  are  very  active  caustics,  but  rather  Ion  difHucnt.  Their 
•obBiovoft  that  their  action  can  not  be  kept  within  bounds.  In  fact,  of  all  the  metallic 
awici,  silver  nitrate  in  the  form  of  sticks  fLunar  Caustic),  and  to  a  Ins  extent  tfjpper 
«^lut*,  are  alone  used  to  produce  a  purely  caustic  action.  Arirnic,  were  it  not  for 
ititdtidty.  would  be  a  ver%'  useful  corrosive.  Its  action  is  no  slow  that  it  can  be  very 
'tKlily  limited.  It  was  believed  In  destroy  only  patholo^c  formations.  leadnR  healthy 
•*w  intact.  Thia  would  be  easily  understood,  from  the  fact  that  the  former  arc 
*Kk  Ina  staple.  Siivrr  nitrate  b  also  quite  easily  controlled,  iunce  its  action  may  be 
*oppcd  It  once  by  washing  with  NaCl,  which  converts  it  into  AgCI. 

Astringent  Efficiency.— The  most  actively  astringent  met  allic  salt,  lead 
toutccan  not  Ix-  used  internally,  nor  for  any  length  of  time  externally,  on 
•ccouai  oi  Ihc  daiiger  of  chronic  poisoning.  Next  in  activity  comes  alum, 
■d  oneciaUy  the  burnt  alum  (alum  which  has  been  roasted,  so  as  to  de- 
pfive  il  of  its  water  oi  cr>'staUization,  and  which  therefore  acts  not  only 
** metallic  asLriagent,  but  mechanically  by  withdrawing  waterj.  Next 
•*  ilum,  come  the  soluble  zinc  salts,  the  sulphate,  the  acetate,  and  Ihe 
wlphocarbolale.  Then,  after  these,  insoluble  zinc  salts,  oxid  and  car- 
^<utc    Of  other  insoluble  metallic  salts  the  subnitrate  of  bismuth  and 
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the  oxalate  of  cerium  arc  most  commonly  used.  Then  come  the  caustic 
salts  in  proper  dilution.  The  most  important  is  silver  nitrate.  Then 
the  iron  wilts  in  dilute  solution;  iron  sulphate,  about  5  per  cent.;  ferric 
rhlorid,  ahout  3  per  cent. 

In  actual  u^e,  these  different  astringents  are  frequently  combined- 
Whether  this  has  any  advantage  is  somewhat  difficult  to  say.     Better  • 
results  could  perhaps  be  secured  by  using  only  one  astringent,  since  its 
action  could  be  miuh  more  exactly  controlled. 

Therapeutic  Applications. — For  use  on  open  wounds,  ulcers,  abscesses. 
etc..  for  the  astringency  ami  a  mild  nutritive  stimulation  lt'a<ling  to  repair, 
silver  nitrate  is  the  most  useful.  Ne-xt  to  this,  the  soluble  zinc  salts;  then 
alum.  They  are  used  in  strengths  of  from  Hs  per  cent,  to  5  per  cent.  The 
insoluble  astringents  may  be  used  as  dusting-powders,  or  in  the  form  of 
ointmenU* — 5  per  cent,  to  20  per  cent.  It  must  not  be  forgotten  that 
absorption  is  fairly  free  from  open  surface^?,  and  calomel,  bismuth,  lead, 
etc..  must  be  used  with  caution.  Zinc  oxid  is  quite  safe,  and  is  one  of  the  , 
most  useful.  ^^H 

The  mitcotis  membranes  which  are  easily  accessible  to  the  local  actid^H 
of  astringents  are  those  of  the  mouth,  conjunctiva,  nose,  genito-urinary 
tract,  and  rectum.  The  same  salts  as  in  the  case  of  open  wounds  can  be 
used,  as  also  tannin.  They  arc  employed  in  somewhat  weaker  solution, 
as  gargles,  washes  or  injections.  The  usual  strength  is  from  1 2  to  i  per 
cent.  For  vagina  or  rectum,  double  this;  in  the  conjunctiva  and  nose, 
perhaps  one-fourth  of  this.  The  strength,  as  with  all  local  medication,  must 
be  adjusted  to  the  anatomic  peculiarities  of  the  surface:  It  should  be 
very  different  for  the  cornea  and  for  the  plantar  surface  of  the  foot.  In 
the  case  of  the  genito-urinary  tract,  irritation  is  particularly  undesirable. 
>"or  this  reason  non-iirltant  protein  compounds  of  silver  have  become 
popuKir. 

Astringents  cause  actual  constriction  of  the  mucous  membranes,  and 
may  in  this  way  bring  about  the  complete  disappearance  of  small  bolypi. 

In  the  aiimnUary  canal  the  astringents  are  useful  mainly  in  lessening 
the  reflexes  resulting  from  inllammation ;  i.e.,  the  vomiting  and  diarrhea.     JJ 

-Against  vomiting,  especially  when  caused  by  ulceration,  bLsmuth  sul>^^ 
nitrate  or  subcarbonale  seems  to  be  the  most  useful.     These  act  not  only 
in  virtue  of  their  astringency,  but  also  somewhat  after  the  manner  of 
inert  dusting-powder,  affording  an  artiBdal  protective  covering   to  the 
walls  of  the   viscus  by  adhering  to  them.    Silver  nitrate  is  also  som6^_ 
limes  used  in  doses  of  about  i   eg.  (,!-^  grain),  dissolved  in  water  aM^| 
given  three  times  a  day.  ^^ 

Their  action  on  diarrhea  is  entirely  similar.  Bismuth  is  again  pre- 
ferred; silver  nitrate  is  often  very  useful  in  the  summer  diarrhea  of  infants. 

Further  details  will  be  found  under  the  respective  metals. 

TANNINS  AND  VEGETABLE  ASTRINGENTS 

Actions  and  Uses. — The  tannins  are  a  group  of  widely  distributed  vege- 
table principles,  which  percipitalc  proteins  and  are  therefore  astringent: 
and  which  give  blue  or  green  compounds  with  iron  salts.  They  act  more 
mildly  than  the  metals;  and  being  practically  non-toxic  they  are  especially 
suited  for  use  in  the  alimentary  canal.  They  do  not  decrease  pcristabis 
directly,  but  do  so  indirectly,  by  allaying  the  underlying  inflammation. 
Their  employment  in  diarrhea  dates  back  beyond  the  fourth  century 
B.  C. 
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Hie  official  "tannic  add"  is  derived  from  nut-galb.  Free  tannin 
would  be  too  irritant  to  the  stomach;  &o  tliat  its  action  must  be  slowed, 
by  the  presence  of  extractives,  as  in  the  crude  plant  extracts  (Gambir, 
Krameria.  Kino);  or  by  delaying  its  solution  through  combination  with 
pruicins  (Tannalbln);  or  by  esters,  which  are  but  slowly  decomposed  in 
the  intestines. 

In  the  course  of  its  absotption,  tannin  is  decomposed  into  the  nun- 

ingent  gallic  acid,  pyrogallol,  etc. 
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Vtrietiei  of  Tannin. — Ordinar>'  "tannin"  or  gallo-Unnic  acid  is  derived  chemically 
hf  the  climiuition  of  a  molecule  vi  HiO  from  j  molecules  of  f;attic  acid  (Tn-hydroxy- 
bnuoic  »cid.  C.Hi.fOIDj.COOH).  The  numcrMU^  other  varieties  arc  of  different 
ompusitina,  in  many  ra5«s  unknom].  Some  arc  compounds  of  hkIVk  arid  with  sugar 
at  «ilh  phlorhizin.  Their  gross  clu^ificnlion  ha^  licen  discussed  under  the  geaeral 
"Chrmi'Irv  t.f  Plants," 

Cooitipative  Action. — This  has  been  studied  on  cats  with  the  X-ray  method  by  Hesse, 
Hij.  In  the  ahvnce  of  diarrhea,  tannalbin  has  no  effect  on  the  intestinal  movemrnlft 
bcTQod  a  filiRht  delay  in  the  cmpl>'ing  of  the  stomach;  nor  had  it  any  influence  on  the 
Mrrbeas  produced  by  milk-fccdine  or  srnna;  and  but  little  on  the  catharsis  of  castor  oil. 
Honvtr,  it  arrested  certain  dietetic  diarrheas  (bread),  and  that  produced  bv  the  coton- 
vtfm  of  colocynth.  It<  action  h  therefore  not  on  peristalsis,  hut  on  tic  inflamed 
MtML 

Phannacolocic  PectiUaiities.— Tannins  form  more  or  less  insmlubtc  compounds  nith 
■Uf  mrtals  atkaloids,  Klurosids,  etc.,  and  arc  therefore  useful  A.santidole$..  Tlieyalso 
pnopitatc  protcina.  gelatin  and  connective  li'^sue  (leather),  and  thus  act  as  astringents, 
tjfba,  and  anliMrptits  (nuiinlv  by  depriving  the  bacteria  of  food).  The  different 
InriDi  in  not  equivalent  in  these  rcS'pecls.  Some  (which  ate  perhaps  misnamcdl, 
■ckift  those  of  coffee  and  ipecac,  are  practically  non-precipitant.  Others  present  dif- 
foBKCS  in  the  Gmnnc&s  ana  solubility  of  the  precipitate,  which,  vrhen  better  known, 
Mr  prove  of  therapeutic  importance. 

FMl.~ln  the  uomach,  tannin  prcctpitatcit  the  proteins  in  the  fonn  of  tanoata, 
■diidi  are  deconipo<«d  by  further  mgcfttinn.  a^^ain  settinf;  free  active  tannin.  ]n  the 
iUotiBc,  a  part  of  the  free  tunnin  cumhinr-s  with  the  alkali  to  form  the  nun- precipitant 
l&aK  tannates.  The  further  fate  is  imperfectly  knownj  but  all  of  liw  tannin,  even  if 
Iticctetl  intravenously,  undergoes  d(-t'«>rti|Mi9ilion  into  gulUc  and  pyrogallic  add  and 
*4ir  Jrcompii-itiniv  products,  before  l»eing  excreted.  These  appear  l»olh  in  the  urine 
wdfecef  (M.  Kost.  iSq;;  the  older  contradictory  slutements  u-erc  based  on  faulty  tcsti 
fcrlantiia).  Only  the  insoluble  t.-iiinates  ;Tannif;en.  Tannalbin,  etc.)  pass  in  part  un- 
teoipoM-d  into  the  feces.     The  dccomfMsition  must,  therefore,  take  place  to  a  large 

I  dtut  in  the  intr>tine«.  \\'ith  oral  b dm InLst ration,  the  urine  contains  at  most  t  per 
OM-of  the  f^alUle  of  the  tannin. 
The  ose  of  tannin  as  antidote  has  been  discussed  under  "General  To.xicolog>'." 
Tltr  iosolubility  (.if  tannin  compounds  has  been  utilized  in  securing  a  more  prolomged 
IfCtfMfMi  of  tite  kclions.  It  will  be  remenil>ered  tlmt  this  i^  one  reason  for  the  more 
Wiig  local  effccu  of  Ralenics  as  compared  with  alkaloids.  It  has  b**n  suggested  to 
9*Qnrc  such  combinations  artificially,  but  the:»e  have  nut  come  into  general  use. 

TWeflrct  of  the  cotUitturd  adminhtrclion  of  small  amounts  of  tannins  has  constder- 
uitistportaDCC,  because  they  arc  contained  in  a  number  of  beverages;  as  tea  and  certain 
»*•(*.    A  mild  astringent  action   may    be   locally    tonic   and    l>enrficia);  but  larger 

I         ^adtiea  prove  actually  irrilani.  and  may  lead  to  pastroenteritiii. 

L  Ef»o  Mnall  araounis  of  tannin  interfere  somewhat  wilh  al>sorption.    This  is  largely 

^L  V  to  ibdr  precipitating  proteins.     But  these  combinations  are  again  decomposed  in 

^H  'feiUuline  inl<rvtine,  '^o  that  the  inttrfcrcnce  is  not  lai^. 


■IntbD 


Ik  tbc  actual  etpcrimcnts  of  BibcrfeM  (tpot)  on  the  absorption  of  normal  saline 
itBD  froro  a  Vella  Astula,  this  was  .accelerated  by  0.01  per  cent,  of  tannhi;  0.04  per 
^■u-  Iwl  DO  effect;  0.1  to  1  per  cent,  delayed  absoiption. 

On  ibc  vhole,  one  may  say  that  the  small  (quantities  of  tannin  ordi- 
urily  taken  with  tlic  food  and  drink  are  not  injurious;  hut  that  large 
•fantities  (excessive  lea  drinking)  arc  certainly  deleterious.  The  tannin 
"'coffee  is  scarcely  astringent,  and  therefore  lacks  this  action. 

Biecta  of  La^er  Doses. — These  produce  irritation  and  corrosion, 
c^ially  if  the  stomach  is  empty;  pain,  vomiting,  diarrhea  or  obstipation. 
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IncompatibPity. — Tannins  are  incompatible  with  alk^'hj^^  altylHN^^ 
iron  and  many  other  metab;  also  with  protciis  and  gdatln. 

PREPARATIONS — ^TAXXIC  ASD  GALLIC  ACIDS 

*  Acidum  Tannkum  (Add.  Tann.^,  U.S.P^  B.P.;  Tani^  Add  'Tsaam,  fl«lLn*««n'f 
Acid.  Di^alUc  Acvij  ;HCitU^*.— A  tannin  obtained  from  nat-eilL  Vay  aolL  ft:i),  in 
ynttr  ^>-c.  and  aic  Almost  insol.  in  eth.  or  cUorof.  Watny  »hitioifec  grmiaaDj  spcal 
on  kecpinj;,  althou^  tbey  still  color  iron.  IiuomfiaiihU  with  alkafies.  »lta>9t4t_  salti 
of  iron  and  most  other  metaU,  proteins  and  gelatin.  Dose.  0.5  GnL.  S  gr-.  r^.P.;  0.3 
tA  o/j  Om,,  ;  to  10  gr.,  B.P.  LociUly.  for  urethra,  i  to  2  per  cent.:  vagina.  5  per  cent.; 
en«ma,  i  to  2  per  cent.;  rectal  irrigation  ''cholera)  ^^  lo  }-i  ^tx  cxmt.;  ikia  and  oloeis, 
5  to  20  per  cent.,  or  the  Glycerite. 

*Clycte.  Acid.  Tann.,  V.S.P.,  B.P.— 20  per  cent. 

Vng.  Acid.  Tann.,  U.S.P. — 20  per  cent. 

Sttpp.  Acid.  Tann.,  B.P. — 0.2  Gm..  3  gr.  'against  hemorrlMuds}. 

Troch.  Acid.  Tann.,  U.S.P.— 0.06  Gm..  i  gr. 

Troch.  Add.  Tann,,  B.P.— 0.03  Gm.,  H  gr- 

*  Tannalhin  fX.N'.R.). — .\lbumin  tannate,  containing  about  50  pa  cent,  of  tamuc 
acid  ffiottlieb,  iSpfj).  Lieht  brown,  odorless  and  ta^telos,  poviter.  practically  insolu- 
ble in  water  and  gastric  juice.  Dilute  alkalies  (intestinal  and  pancrealic  juke)  libeimtt 
the  tannin  slowly.  Used  in  diarrhea,  especially  of  children.  Dose,  i  to  4  Gm.  (15  tc 
60  gr.j  in  |Kjifder  or  tablets,  followed  by  water;  infants,  0.3  to  0.5  Gm.  in  gmd. 

Other  Artifuial  Tannin  Compound!  of  N.N.R.  are:  Tannigen,  IMacetyltaniun  (H. 
.Meyer,  r894j;  insoluble  in  stomach,  soluble  in  intestioe;  also  Taimoinn,  Tannofoim. 
Eugallol,  Galloffcn,  Protan. 

Acidum  Gallicum  (.\aA.  Gall.),  U.S.P.;  CiHi(OH]iCOiH  +  HjO.— Occura  in  man> 
planLi,  usually  with  tannic  acid.  It  does  not  precipitate  alkaltuds.  albumin,  or  glue 
Sol.  in  water  d  :  H7);  freely  sol.  in  ale.  (i  :  4.6)  or  glyc  (i :  lo).  Dose,  i  Gm.,  15  gr., 
U.S.P.     Externally,  i  per  cent.,  as  weak  astringent 

TAXNIN — DRUGS 

These  are  very  numerous,  and  many  might  well  be  dispensed  with. 
Gambir  (^Catechu)  would  fulfill  all  indications. 

Actuia  Cortex,  B.P.;  Acacia  Bark. — The  dried  bark  of  Acacia  arabica  and  decunens. 
Astringent  and  demulcent. 

Dec.  Acac.  Cort.,  B.P. — 6  per  cent.     Dose,  15  to  60  cc,  }i  to  a  ounces,  B.P. 

Beta  Fruct.,  B.P. — The  fresh  fruit  of  Aegle  Marmelos. 

Kxt.  Beta  Ltq.,  li.V.—Dose,  4  to  8  cc,  1  to  2  drams,  B.P. 

Butea  Sem.,  B.P. — The  seeds  of  Butea  frondosa. 

Butece  Gum.,  B.P.  (Bengal  Kino). — The  inspissated  juice  of  Butea  frondosa. 

Calla,  U.S.P.,  B.P.;  Nut-gall. — An  excrescence  on  the  young  twigs  of  Quercus  in- 
fectoria  and  other  allied  species  of  Quercus  (Oak),  induced  by  the  punctures  on  the  leaf- 
budn  and  by  the  deposited  ova  of  a  wasp,  Cynips  tinctoria.  Contains  50  to  60  per  cent 
of  tannin,  2  to  5  per  cent,  of  gallic  acid.     Dose,  0.5  Gm.,  8  gr.,  U.S.P. 

Vng.  Gall.,  U.S.P,,  B.P.— 20  per  cent. 

Ung.  Gall.  C.  Opio,  B.P. — The  preceding,  with  7.5  per  cent,  of  powdered  Ofuum. 

Catechu,  B.P.;  Catechu  fPale);  identical  with  Gambir,  U.S.P.— A  dried  extZBCt  ol 
the  leaves  of  young  shoots  of  Uncaria  Gambir. 

*  Tr.  Catechu,  B.P. —  ao  per  cent,  with  Cinnamon.  Dose,  2  104  cc,  H  to  i  drun, 
B.P. 

Pulv.  Catech.  Co.,  B.P. — Catechu,  40  per  cent;  Kino  and  Krameria,  each  30  pel 
ccntj  Cinnamon  and  Nutmeg.     Dose,  0.6  to  4  Gm.,  10  to  60  gr.,  B.P. 

JVmA.  Catech.,  B. P.— 0.06  Gm.,  1  gr. 

Catechu  Nigrum  (Catech.  Nigr.)  B.P.;  Black  Catechu. — An  extract  from  the  wood 
of  Acacia  Catechu. 

Embelia  (KmbcL),  B.P.— The  dried  fruit  of  Ribes  Embelia  and  robusU.  Dose, 
4  to  16  Gm.,  60  to  240  gr.,  B.P. 

Gambir,  U.S.P.;  Gambir  (Pale  Catechu);  identical  with  Catechu,  B.P. — A  dried 
extract  prepared  from  decoctions  of  the  leaves  and  twigs  of  Ourouparia  Gambir.  Con- 
tains 33  to  47  per  cunt,  of  catechu-tannic  acid.     Dose,  i  Gm.,  15  gr.,  U.S.P. 
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•  Tr.  Gambir  Co.,  L'.S.P.  (Compound  Tincture  o!  Catechu). — 5  per  c«il.  in  50  per 
txBi.  ilcohol;  flavored  with  cinnamon.     Dose,  4  c.c,  i  dram,  U.S.P. 

BamamtlUii  Corttx,  B.P.;  HamamelU  Bark  (Witch  Hazel  Bark).— "Ilic  dried  bark 
ulBimafflclifl  virginiana. 

Tr.  Hamam..  B.P. — 10  per  cent,  of  bark.     Dose,  2  to  4  c.c,  Ij  to  1  dram,   B.P. 
Bamam,  FiA.,  B.P.;  Uamometb  Leaves. — Fre&h  or  dried.     S  per  cent,  of  tannin 
>5trub,  1899}. 

£j*.  namam.  Liq.,  B.P. — ^50  per  cent,  of  dried  leaves.  Dose,  0.3  to  1  c.c,  s  lo  1  $ 
tgJURU,  BJ^. 

Vl-  liatntjm..  B.P. — 10  per  cent,  of  the  piecedm^; 

Brmatoryli  Lignum.  B.P.;  LoRwood. — The  heart-wood  of  Ilcmatoxylon  campechi> 
lOnaL     19  pt-r  cent,  of  Harmatoxylio. 

Die  ffatmatos..  B.P. —  j  per  i-rnt.     Dose,  15  to  (Jo  C-C.  ^  to  1  ounce,  B.P. 
Ktw,  U.S,P.,  B.P.;  Kino. — The  dried  juice  from  Uic  trunk  of  Plerocarpus  Marsup* 
Wbl    ;s  per  cent,  of  Kino-laonic  add.     Dose,  0.5  Gm.,  8  gr.,  U.S.P.;  o.j  lo  1.3  Gm., 
]»»».,  B.P. 

Tr.  KifM.  U.S.P.,  B.P.— 10  per  cent.    Awe,  4  cc^  1  dnmi,  U.S.P.;  a  to  4  c.c, 
Htoidnm.  B.P. 
Ajk  JCi'iw  Co..  B.P. — 5  per  cent,  of  opium.    Dose,  0.3  to  1.3  Gm.,  5  to  jo  gr.,  B.P. 
tiu  Eui-ilypii  (Kino  Kursljii.),  B.P.  (Eucalyptus  Ctum,  Red  Gum). — An  exuda- 
lioiIniBi  the  stem  of  Lucalyptui  specie*.     Dosf,  0.3  to  i.a  Gm.,  s  to  30  gr.,  B.P. 
IViti  Kino  Ettcflypii.  B.P— o.o(>  Gm.,  i  jjr. 

Kttma.  Rijd.,  B.P.;  Kramcria  (Rhatany). — The  dried  root  of  Krameria  species, 
Ba  Kramer.,  B.P. — .\  dr\-  extract.     Ztoic,  0.3  to  i  Cm.,  5  to  15  at.,  BJP. 
r?.  iCfaiMf _,  B.P. — JO  per  cent.     Dose,  a  lo  4  cc,  i^  lo  i  dram,  B.P. 
i«/-  Kramtr.,  B.P. — 5  per  cent.    Dosr,  15  to  30  cc,  H  *"  '  ounce,  B.P. 
Inck.  Krumer.,  B.P. — 0.06  Gm.,  1  gr. 

if^nidajruMr,  B.P.,  AljTobalans.— The  dried  immature  fruit  of  Tcnninalia  Chebula. 
MR.  1 10  4  Gm.,  30  to  60  gr.,  B.P. 
Vh,  Myrobai.,  B.P.— JO  per  cent. 

?•(■  Myrob'tt  C.  Opia.,  B.P. — The  preceiling  with  7.5  per  cent,  of  Opium. 
Stefan,  B.P.— The  heart-wood  of  Caesalpinia  Sappan;  similar  to  Logwood. 
Ou,  Sappan,,  B.P. — 5pcr  cent.    Dost^  15  lo  to  c.c,  ?^  to  2  ounces  B-P- 
Dimkta  J/udNru. — ■Toese  are  generally  "shot-gun"  prescriptions  of  which  the 
■"•inf  an  types; 

Jfiitev  Contra  Diarrhfeam,  N.F.  fSun  Cholera  Mixture). — Equal  parts  of  Tmcture 
<■  CjrilUB,  CapsiiTum,  Rhubarb.  Camphor,  Peppermint.  Dose,  to  one  tca&poonful. 
(^.  Tr.  I>)ium,  Tr.  Catechu,  Tr.  Rhubarb,  sp.  Peppermint,  Bismuth  subaitratc. 
tHiMflfj-,  Ratbcnheimer,  1916). 

ASTRINGENT  STYPTTCS 

.\I1  Che  metallic  salts,  the  irritaiii  as  well  as  the  astringent,  and  also 
tic  vegetable  astringents,  act  as  local  styptics;  i.e.,  lessen  local  hemorrhage. 
Tliey  do  so  mainly  by  the  formation  of  precipitates  wMch  occlude  the 
hiBira  of  the  small  vessels,  just  as  it  is  occluded  ordinarily  by  fibrin. 
(Whilst  the  majority  lessen  the  formation  of  fibrin,  this  is  offset  by  the 
precipitation.)  Besides  this  precipitation,  they  also  act  by  injuring  the 
nsd  walls  in  such  a  way  as  to  produce  thrombosis.  This  is  claimed 
opcdally  for  zinc  chlorid. 

It  is  scarcely  needful  to  mention  that  astringents  will  act  only  at  the 
pUce  to  which  they  are  applied.  It  is  necessary  that  they  come  into 
*ctual  contact  with  the  bleeding  vessels.  They  can  not  act  through  a  large 
dot  of  bUiod,  and  if  such  exists,  it  must  first  be  removed.  At  one  time 
tlwy  were  used  internally  with  the  idea  of  producing  astringent  action  in 
"Oaolc  places;  iron  was  given  by  the  mouth  to  check  bleeding  in  the  uterus. 
^  was  entirety  irrational,  'f  heir  action  can  not  even  extend  be^-ond  the 
Ronuch,  since  they  are  precipitated  or  decomposed  in  the  intestme. 

The  indications  for  the  use  of  styptics  are  lo  lessen  bleeding,  especially 
opilUry  oozing.  They  are  sometimes  injected  into  hemorrhoids,  and 
**t  even  been  injected  into  aneurisms.  Their  injection  into  larger 
*'*3Hk  ts  dangerous,  as  it  may  produce  embolism. 
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The  most  useful  of  the  metallic  styptics  are  the  iron  salts,  espedally 
the  ferric  chlorid  and  ferric  sulphate.  The  ferric  chlorid  is  used  either 
as  the  solution,  or  tincture,  quite  largely  diluted  with  water.  Cotton  may 
be  steeped  in  this,  forming  "  styptic  cotton."  Next  comes  alum,  especially 
the  burnt  alum.     Then  the  tannins  in  any  form. 

Besides  these,  any  substance  which  gives  a  precipitate  with  proteins  will  act  as  s 
styptic  in  the  same  manner;  e.g.,  dilute  acids  in  concentratioDs  which  need  not  be  at 
all  caustic  (vinegar  and  lemon  juice).  Quite  a  number  of  purely  mechanical  measures 
favor  the  formation  of  clot;  for  instance,  ordinary  cotton  or  Fengawhar  Djambe  (this 
also  contains  tannin).  Cobwebs  also  form  a  popular  and  very  effective  measure  for 
producing  the  same  result,  but  are  unfortunately  very  septic.  One  may  obtain  the 
same  effect  by  fine  powders  which  have  a  strong  attraction  for  water.  Is  case  of  emer- 
gency powdered  or  granulated  sugar  is  a  good  styptic,  and  at  the  same  time  antiseptic. 
Other  styptic  measures  are  position,  raising  the  limb  and  keeping  it  quiet  so  as  to  reduce 
the  local  congestion;  local  pressure;  depression  of  the  vasomotor  center  by  narcotics; 
direct  constriction  of  the  vessels  by  the  application  of  cold,  or  by  drugs,  such  as  cocain, 
suprarenal  extract,  hydrastinin,  etc. 

SntENGTH  OF  MOST  US^ITL  SOLUTIONS  OF  ASTSnTGEIVTS  Alfl)  AlfTI- 

SEPTICS' 


Neutral  Salts: 

Sodii  chloridum 

Alkalies : 

Sodii  bicarbon 

Sodii  carbonas 

Potassii  carbonas 

Sulphids: 

Pot.  sulphurat 

Acids  (Mineral) 

Haloids: 
lodin 

Metallic  Salts: 
Zinc  sulphate  or  phenolsulphonate. 

Mercunc  chlorid 

Liq.  plumbi  subacet.  dil 

Silver  nitrate 

Tr.  ferri  chloridi 

Alumen  and  alum,  salts 

Cupric  sulphate 

Lead  acetate 

Tannins : 
Tannic  acid 

Miscellaneous: 

Boric  acid,  or  borax 

H,0, 

Pot.  permangan 

Glycerin 

Phenol 

Thymol,  essential  oils 

Alkaloids: 

Morphin 

Hydrastinin 

Most  alkaloids  for  eye 


Touching  ukera, 
gargles,  rectsi  and 
vaginal  injections 

Urethral  in- 
jections amd 
eye  washes' 

Baths    (Gro.  per 

bath,  aoo  liters — 

30  galliiiu.) 

1% 

0.9% 

4  Kg. 

O  .  2  to  1  % 

0.2% 

100  Gm. 



50  to  1 50  Gm. 
30  c.c.  (i  ounce) 

o.S% 

0.5% 

O.I   to  1% 

1. 5  to  1% 
0.05  to  0, 1% 
Full  strength 

0.5  to  s% 

10%  (of  Tr.) 

1  to  i% 

1% 

1% 

0.  2  to  0.4% 
0.02S^t 

Full  strength 
0.2  to  0.5% 

0.25% 
0.5% 
o.S% 

1  to  3% 

0.5  to  2% 

4%  (sat'd) 

}i  to  H  of  aqua. 

I  to  2% 

20% 

1% 

Saturated,  watcrj' 

2%  (M  sat'd) 

}i  of  aqua. 

0.4% 

10% 

0.2% 

Saturated, 

watery 

o.27o 

0.1% 

0.5  toi% 



1  ( I  per  tent,  —  j  grains  per  ounce.  I     When  several  are  combined,  the  dose  of  each  must  Im 
corrnponilinKly  decreased. 
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B«Uu. — Usually  lokcn  in  the  e\-emiig  before  going  to  bed.  Metal-lined  tubs  niiut 
bearoided  (or  medicated  balhs. 

Gtrffsf. — No  toxic  subftUiure  should  be  u&ed,  especially  with  childrea,  on  account 
4  lite  danger  of  swallowing.  The  metallic  salts  attack  the  teeth,  ao  Ibat  they  can  not 
be  employed  for  a  long  time. 

Vrttkral  InjfilioHi. — Always  have  the  patient  urinate  just  before  injecting,  to  remove 
tiKtnia.  Let  injection  remain  at  least  one  minute,  then  let  flow  out,  but  patient  should 
Boc  aktoimte  imnudiatdy  after. 
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IRRITANT  VOLATILE  OILS  AND  RELATED  DRUGS 

General  Statement — Most  volatile  (or  "essential")  oils  are  complex 
nu«ure*,  generally  containing  terpenes  and  oxidized  aromatic  derivatives. 
Hie  balsams  and  resins,  which  contain  volatile  oils,  may  be  included  in 
the  group.  These  oils  occur  in  numerous  plants,  and  determine  their  use 
ti  fti\-ors,  aromatics,  carminatives,  antiseptics  and  irritants.  'I'heir 
diicf  application  is  For  their  local  effects,  consisting  in  deep  irritation  ^v-ith 
« minimum  of  tissue  destruction.  The  sensory  stimulation  is  followed  by 
UDc  anesthesia.  The>'  exert  a  favorable  influence  on  chronic  inflamma- 
tions; partly  by  their  mild  antiseptic  and  Irritant  action,  and  partly  by 
diRDotactic  attraction  of  leucocytes.  In  acute  inflammations  they  are 
ffionr  apt  to  do  harm.  Their  antiseptic  action  is,  in  practice,  relatively 
xuL.  since  they  are  but  slightly  soluble  in  water. 

.\ftcr  their  absorption  they  are  excreted  mainly  in  combitiation  with 
Ktycuronic  acid.    They  irritate  the  kidneys  and  produce  diuresis. 

Central  effects  are  only  seen  in  poisoning,  and  agree  broadly  with 
Ihow  of  camphor,  which  really  belongs  to  this  group.  These  effects  are 
Qoreor  less  convulsive,  followed  by  narcosis;  on  direct  application,  slimu- 
ktion  of  cardiac  muscle;  and  curare  action  on  the  muscle-nerve  endings. 

lite  Flavoring  and  Aromatic  Oils  are  considered  In  another  place. 

Ccopocttioa. — A  convenient  tabulation  of  the  consiiiucntA  of  volatile  oils  is  Riven 
b]r  RBtpetiie  and  Wise,  iQw.  The  terpenes  are  aromutic,  cyclic  compounds  of  the 
Kacm  cmf^cal  formula,  CiaHm.  Related  to  them  are  the  jemi-ierpenes  (C(Ht); 
nqin-tctpcacs  (CitHu);  and  di-tcrpcne^  (CtoHn}.  Other  constituents  are  oxidation 
pmaOs  of  these  and  aromatic  phcnoU,  ketones,  aldehydes,  acids  and  their  compounds. 

T|*  AntiieptiC  Eflects.— Thc»e  have  been  Investigated  espedally  by  Kobcrt,  1906; 
B(ioiB||,  1906;  Geinitz,  lou;  and  Rippctot  and  Wise,  1913. 

Qicnotictk  Action. — The  value  ol  voUtile  oxVi.  (particularly  thoK  enumerated  as 
•iftuy  antiseptics)  in  chronic  inflammaliona  of  all  sorts  has  been  abundantly  proved 
•ydnscal  observations  and  laboratory  experiments.  They  also  le*aen  a*eptic  mllani- 
■tioas  at  ptunts  remote  from  the  tiitc  of  tneir  appUcation.  by  dccrc»)iin^  the  formation 
*f  cndales  and  by  hastcnini;  their  absorjitlcin.  The  explanation  probably  lies  in  m 
ckvetactk  attraction  lor  leucocytes  (I.£mi£rc,  tSgti  Bori&sow;  Hamburger,  iQia). 
Iktteway  they  withdraw  these  cells  frnm  the  iailamcd  area  into  the  blood  (Wintemita, 
IIW). 

.  aWHliaiL — Terpenes  are  for  the  most  part  cxcretcil  in  the  urine  in  combination 
"it^ llycuronic  acid  (Mat^^el,  f^oO,  sometimes  after  parlial  oxidation. 

^ttemle  Actions  of  VolAtil«  Oils.— The  prini-ipal  central  eflecis  of  \'olatilc  oils 
•«  wflex.  IMth  the  ordinary'  doses,  no  direct  action  wh.-iiever  can  be  obser\'*d. 
t«lr  doses  act  on  the  ncr%"ouj  centers,  especially  the  brain  and  medulla.  These  arc 
■B  itimulate*!,  then  depressed.  The  details  have  been  investigated  especially  by 
^Hfti.  1400;  lUldcbrancTt,  1901  and  iqoj;  Matzel,  1905;  and  Gcinitz.,  1913.  Tbc  dc- 
Bwaf  «tinialatlon  varies  for  the  diflercni  oils.  Turpentine  has  scarcely  any  effect, 
*W  abuntbe,  thujon.  fcnchon.  car\-on  and  camphor  produce  vinlcnl  efiilcptic  con- 
"■*■■.  The  deprvsaion  is  more  uniform:  The  majority  (valerian,  fennel,  chamomile, 
**jptlB,  mint,  rosemarf.  sabinol,  citral,  turpentine)  diminish  the  reflex  cuci lability, 
••Aai  lam  <lcMea  will  entirely  prevent  strychnm  convulsions-  in  rabbit*..  The  efrecti\x 
"■aire,  honrcver.  entirely  too  large  to  make  it  possible  to  employ  this  action  in  man. 
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The  Curarcaclioru  have  been  studied  by  Hildebrandt  and  by  Mfttzd;  the  cardiat 
ejects  by  H.  SchwaJb,  1913. 

According  to  d'Ormea  (iqo.)),  tbc  intravf^nous  injcclion  of  volatile  oiU  cnuscs  a 
peculiar  dilation  of  the  cerebral  vcssdi.  the  volume  o[  the  braia  increases,  whilst  the  pres- 
sure in  the  circle  of  Willis  falls,  TTiJs  cGfcct  i*  strongest  with  ub&intbe,  weak  with 
anise  or  lemon.  Camphor  has  a  simibir  effect.  The  general  blood  pressure  aUo  falls 
in  most  ca»cs,  but  quite  indcpi-itiK'titly  of  iht-  changes  in  the  cerebral  drculation. 

If  volatile  oils  arc  injt.'ctc<l  hypodeimicaDy,  iliey  produce  at  first  the  reflex  action, 
and  in  a  more  marked  degree  thaji  when  they  arc  applied  to  the  surface  of  the  skin. 
Later  their  ^y^lt-mit ,  ami  still  later  the  renal,  actions  lake  place. 

Isviaifd  Inlcsliaal  Segments  arc  stimulated  by  oil  of  anise,  [urpentioe  and  chenopo- 
dium,  in  concentrations  of  1:50,000  to  1:15,000.  Higher  concentratioiu  of  aJl 
volatile  oils  depress  the  movements  (Muirhcad  &  (lerald.  1016). 

Hemolytic  Actloii  of  TerpniM. — rshizaka,  1014.  found  that  thU  varied  mainly  with 
the  :>urJace  ttnsinn;  but  that  the  alcohol  or  ketone  character  also  has  an  influence. 
Some  form  metbcmoglobin. 

OLFACTORY  STIMULANTS 

Odorous  substances  produce  pronounced  reflex  efTecls.  Pungent  and  aromatic 
drugs  cause  in  Uits  way  a  prompt  medullary  slimulation,  increasing  the  rcspiratioD 
and  blatid  pre-5<iure,  and  Mowing  the  pulse.  They  are  es|>«:ially  useful  in  faintiog. 
They  are  employed  by  inhalation.  J^ineiurn  Lavandula  C'omposUa  (U.S.P.,  B.P.)  and 
Aromatic  Ammonia  tire  used  for  this  purpose. 

Any  pungent  substance  will  answer  in  aji  emcrgenc}';  the  bunting  of  a  feather  under 
the  nose  uf  the  patient  is  a  standard  huus4^-ht>lJ  measure. 

Substances  wliich  produce  sneezing  [sternutatoria  or  etrhines)  act  in  a  uinilar  mannei, 
but  have  rather  passed  out  of  fashion.  They  arc  sometimes  useful  as  local  countet* 
irritants  in  nasal  catarrh  (snuff). 

HYSTERIC  SEDATIVES  OR  ANTISPASMODICS 

Actions  and  Uses. — Asafetida,  valerian,  and  some  other  malodorous 
drugs  have  been  used  since  antiquity  as  sedatives  in  hysterical  and  simi- 
lar nervous  conditions.  They  are  often  effective,  presumably  by  olfac- 
tory and  psychic  reflexes.  Asafetida  is  also  carminative,  and  has  been  used 
by  mouth  and  enema  (emulsion)  in  tympanites;  but  it  imparts  its  odor 
to  the  excreta  and  eructations.  Very  large  doses  (J-g  ounce)  have  been 
taken  without  other  noticeable  effects.  Large  doses  of  valerian  produce 
systemic  action,  but  it  is  very  doubtful  whether  these  occur  with  the  ordi- 
nary doses.  Valerian  was  formerly  used  as  a  perfume,  and  as  a  spice  for 
meat,  and  asafetida  is  ^aid  to  be  similarly  employed  in  Persia. 


PREPARAl IONS— HYSTERIC  SEDATAIS 

*  Asaftiiia  (.\salet.),  C.S.P.;  Asafetida  (Asafel.J,  B.P.;  ,\jiafctida.— The  gum- 
resin  obtained  by  incising  \ht  rhizome  and  roots  of  Ferula  Asafetida.  CharaclerbCi- 
odor;  bitter  and  acrid  taste;  forms  milk-while  cmubiun  when  triturated  with  miter. 
CoHitUucnts:  A  to  9  per  cent,  volatile  nil;  20  to  30  per  cent,  gum;  45  to  70  per  cent, 
resin.  The  alcoholic  prcparalionM  yield  turbid  mixtures  with  aqueous  liquids.  Daie, 
0.35  Gm.,  4  gr.,  U.S.r.;  0.3  to  i  Gm.,  5  to  15  gr.,  B.P.;  best  as  pills. 

PU.  Asaftt.,  U.S.P.— «.2  Gm.,  3  gr.    ZJos^,  2  pills.  U.SP. 

EmtU.  Asaffl..  U.S.P.  (Milk  of  .Wfetida,  Asafetida  Alixture). — Made  by  rubbing 
4  parts  [>f  asafetida  with  100  parts  of  water.  Dose,  1.5  c-c,  4  drains,  U.S.P.  Used 
especially  as  enema  again<t  tympanites. 

Tr.  Aia/et.,  U.S.P.,  B.P. — 20  per  cent.  Po«,  i  ex.,  15  minuns,  U.S.P.;  3  to  4  ex., 
>^  to  I  dram,  B.P. 

Sp.  Ammon.  Pet.,  US'. — An  alcoholic  distillate  of  Asafetida,  mixed  with  Ammonia. 
Doif-t  1.3  to  3.5  c.c,  3D  to  40  minims,  repealed;  single,  4  to  6  C.C.,  60  to  go  minimi, 
largely  diluted,  B.P. 

Viilrriana  (ValcrO-,  US.P.;  VaJer,  Rkis.,  B.P.;  Valerian.— The  dried  rhiaoroe  and 
10015  of  Valeriana  oflidnali;-.  Dose,  2  Gm.,  30  gr..  U.S.P.  Contains  f^  to  3  per  cent. 
volatile  oil,  valeric  and  other  organic  acids;  tannin  and  resins.     The  ott  consists  of  estrrs 
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Eiffalak  IValeriuk)  ado,  especially  with  bomeol.  These  are  the  bearers  of  tbe  action, 
btc  vtlcric  acid  aDtl  iU  aulLs  being  quite  ineffective.  The  fre&h  root  i^  also  incfTectivc, 
the  e*lM»  bcJDK  formed  only  durinj^  drying,  by  the  action  of  oxidases  (Kochniann, 
igotl  Tbejoiccol  the  tre&b  nUnt^so  produces  different  effii'ts  from  the  dried  valerian 
(pMcfaet  and  Cbevaticr,  1905).  The  esten  again  deteriorate  by  oxidation  on  keeping. 
Ccrtab  synthetic  esters  arc  said  to  be  more  stable  {Kionka.  1903). 

Tin  ItijtfJicn  of  ViiUriaH. — TTii.^  produces  the  uftual  effects  of  volatile  oils  (Poucbel 
lad  Chevalier,  Ktonka,  1904);  in  small  doses,  psychic  exaltation  and  ri:^  of  blood 
ffonxe  forro  oudiac  and  vasomotor  stimulation;  m  larger  doses,  central  sensory  and 
■Mof  deprcsatm. 
£inW  L'Uths. — Thb  is  stimulated  by  Valerian  oil  (Pflclier,  1916). 
Tt.  roier.,  U.S.P. — 10  per  cent.     DoSf,  4  c.c,  i  dram,  U.S. P. 
'TiaOaro  Valeriana  Ammoniata  (Tr.  Valer.  Ammon.),  U.S.P.,  B.P. — 20  per  cent.; 
■itk  Sp.  Ammon.  Amm..  U.S.P.;  with  ummynia  and  aromatics,  B.P.     Dvic,  1  c.c., 
jDaiMiMi,  U^.P.;  3  to  4  c.c,  H  to  I  dram,  H.P, 
\'<^.  Ind.  Rhiz..  B. P.— From  Valeriana  Walachii. 
Tt.  V<de*.  Jnd.  Ammon  ,  B.P. — Dos- .  a  to  4  c.c,  >i  to  1  dram,  B.P. 
Sjalirfif     Valtrian    Esters    fX.N'.R.).— Born>-\aI    (bonieol    isovalcrate);    Validot 
(■ntwe  pf  mcntholl;  and  Valyt  (valciyldiclhyl-amin).     Side  actions.  Seifert,  Ncben- 
TOi.  1015,  p.  gg. 
I  Yal^aUs  (VuUTi4irtates). — These  have  very  little  value.     They  are  Riven  in  doses 

4f  aa6  to  I  Gm.  (i  to  15  kt.),  nwerolly  in  capsules.     They  are  cnlorle^^  crv'stols  of  a 
'       nkfkwc  odor,  mwlily  soluble  in  water;  Zinci  Valeras,  U.S.P. ,  P.P.;  .Ammonii  Valeras, 
CiP. 

ilinar  Drugs  of  iMts  group. — Sumbul  (Mu^k-root),  Moscbus  (Musk),  Castorcum, 
Citaiu  iCalnip);  and  S«  mplocarpus  ISkunlc-cabhagc). 
I  tf  v)>ai,  U.^.P.;  Musk. — The  dried  secretion  from  the  preputial  follicles  of  Moschus 

[■BKhtfcnu.     Dosr,  0.25  Gm.,  4  gr,  U.S.P. 
Ti.  ii»Klt*,  U.S.P.— s  per  cent.     Dost.  4  c.c,  1  dram,  U.S.P. 
&Mikf.  U.S.P.  (Musk-root).— The  rhizome  and  roots  of  Ferula  Sumbul.     Dpk, 
iCBi..ii)gT..  U.S.P. 
EtI.  Sumbul,  U.S.P.— A  piluiar  extract.     Dose.  0.15  Cm.,  4  gr. 
fUat.  Sumbui,  C.S.P^ZXjjc  j  c.c,  30  minims,  U.S.P. 
: 


I 

I 


on,  OP  TTJRPENTTNE 


Actions  ftnti  Uses. — Applied  10  ihc  skin,  this  produces  simple  reddening 
Md  burning,  and  is  used  as  a  counterirritant;  undiluted,  or  mixed  mth 
tto  5  parU  of  oil  in  liniments.  It  is  often  used  as  "Stupes,"  i.e.,  flannel 
*Tuog  out  of  hot  water,  and  then  out  of  warm  turpentine,  and  applied 
lor  ten  to  thirty  minutes.  In  susceptible  individuals  it  may  cause  severe 
nptions,  and  if  left  on  for  several  huuni,  blistering. 

Oil  of  turpentine  is  usetl  extcrmdly  in  bronchitis,  neuralgic  and  rheu- 
natic  painji,  and  to  relieve  meteorism.  It  causes  more  severe  irritation 
00  mucous  membranes. 

Inkdtd  or  taken  internaUy  it  diminishes  bronchial  secretions  (Rossbach 
«ad  Flcischmann).  It  was  used  for  this  purpose  (a  teaspoonful  inhaled 
&«  a  pint  of  hot  water)  in  chronic  bronchitis.  It  is  now  displaced  by  the 
ttvrpfrasant  ter|>ene  hydrate  and  pine-needle  oil.     Its  use  as  anthelmintic 

'  •  15  c.c.)  and  aa  diuretic  and  unnarv  antiseptic  has  also  been  discon- 
-  .<!. 

UmBtkiu,  Fate  and  Excretion. — Oil  of  turpentine  is  rcadilv  absorbed  from  the  skin, 
l*nB  iM  intrstinrs.  It  cirriilal(r«  for  a  lime  unchanged  in  the  blood,  and  !.«  exereted 
wif  In  the  urine  m*  tcrpenaU.  paired  uith  glycuronic  acid.  The  urine  has  the  odor 
rfiUrlk.  N'either  turpenline.  nur  eucalj7>lol  nor  mrnthol.  is  excreted  by  the  lungft 
*iMui&<Falk.  llofbauer,  igi5). 

9*t*ouc  Actions. — These  do  not  occur  with  small  dascs. 

nrpentiae  Potsoniac- — Half  an  ounce  h.as  bevn  fatal  to  children,  d  ounces  to  adults. 
^VRmroms  in  man  are  those  of  Ka-<itro-intestinal  irritation:  nausea  and  vomitinK, 
*'*f  aad  (Harrhca,  wild  excitement  and  delirium,  ataxia,  painful  micturition,  liema- 
**')L  attMBiinuria,  and  i;lycc»!!uria,  skin  eniplinns.  coma. 
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The  Treatment. — This  comprises  evacuation,  demulcents  and  coffct. 

Jnhatalivn. — Fatal  poi^oniiif;  lias  hftu  ri;[>Qrtcrl  from  inhalalion  of  varnish  in  a 
confined  spare  (T)r»-srhpr,  i^c/*);  Uffifly  by  exclusion  of  air  (Wolf,  igii).  Tbrrc  is 
rapid  breathing,  palpitations,  vertigo,  stupor,  cun\-ulsion^,  and  oilier  ncr^-ous  disturb- 
ances; pain  in  chest,  bronchitis  and  nephritis.     The  latter  may  alsooccur  on  chronic 


exposure. 


PRKPARATIONS-^TITRPENTINE 


s;a 


■  Oieum  TerebirUlxina  (01.  Tercb.),  U.S.P.j  Oil  of  Tuyectinc  fSplrit  of  Turpei 
' — The  volatile  oil  recently  distilled  with  water,  belun-  loo  C,  from  toe  concrete  olei 
{Turpentine)  obtained  from  Pinus  palut^tris  and  from  other  species.  It  consists  mainly 
of  pinen,  CisHi«,  with  utbII  quantities  of  other  terpenes  and  tracw  of  organic  adds. 
A  thin,  colorless  liquid,  of  characteristic  odor  and  taste,  becoming  stronger  and  more 
tinpleasant  by  age  and  exposure  to  air.  Practically  insol.  in  water,  sol.  in  3  vul.  of 
ale.  and  in  all  proportions  of  oils.     The  rectified  nil  should  be  rmploved  for  inlrmal  use. 

'01.  Tfrcb.  Reel..  U.S.P.;  01.  Tcreb.  Rcclif.,  B.  P.— Recti  lied  (hy  diMillation  with 
N'aOH,  U.S. P.)  Dtf.ir,  o.j  c.c,  5  minims,  U.S.P.;  0.13  to  0.6  cc,  3  to  ro  minims,  B.P.; 
anthelmintic  dose.  13  to  15  c.c,  j  to  4  drams,  B.P, 

Emut.  01.  Terfb.,  U.S. P.— is  per  cent.     /)r«r.  3  ex.,  H  dram.  U.S.P. 

Lin.  Tercb.,  U.S.P. ;  Turpentine  Liniment.— Cerat.  Res.,  a;  Ol.  Tereb.,  i. 

Lin.  Trrr-b.,  B.P. — 01.  Tercb,,  65  [ler  tent.;  Camphor,  s  per  cent.;  Sap.  MoU.  and 
water. 

Lin.  Tereb.  Acet.,  B.P.— Ol,  Tercb.,  53  per  cent;  Lin.  Campfa.,  45  per  cent.;  Ac. 
Acet.  Olac.,  11  per  cenL 

•  01.  Pini  Pumiiifmis  (01.  Pin.  Pumilion.),  U.S.P.,  Oil  of  Dwarf  Pine  Nccdks; 
OUttm  Abietis  (0/.  Abiet.).  ^-P-,  Oil  of  Siberian  Fir. — Colorless  or  faintJy  yellowish 
%-olatile  oil.  of  pine-needle  odor,  distilled  with  steam  from  the  fresh  leaves  of  Pinus 
moDtana,  U.S.P.;  of  Abies  lubirica,  B.P.  Contains  I-pinene,  Other  hydrocarbons,  and 
esters.  Kesemblcs  oil  of  turpentine,  but  has  more  agreeable  odor,  and  11  employed  as 
inhaUnt  in  bronchial  affections. 

TfrebiHlkina  Canadensis  (Tereb.  Canad.),  B.P.;  Canada  Turpentine. — An  oleormn 
obtained  from  .-Vbics  b^iJsamea. 


TKRPIN  HYDRATE 


« 


This  is  used  to  lessen  cough  and  cxpccLoralion  in  phthisis  and  in  chronic 
bronchitis,  acling  siiniLarly  tu  oil  of  turpentine,  and  being  les.s  irritant,  less 
disagreeable  and  non-toxic.  It  is  also  sometimes  employed  as  ditiretic 
and  urinary  anti.'ieptic,  but  is  not  very  effective. 

Lcpine,  i8f!;,  claimed  a  diuretic  effect  from  0.3  to  0.4  Gm.  Matzd,  IQ05,  took  4 
Om.  dnily  without  any  effect;  tlic  urine  was  not  albuminous.  It  was  eicret^  as  paired 
glycuronic  acid. 

PREPARATIONS — TlTRPENnNE  »ERI\'ATI\'ES 

•  Terpini  Hydras  (Tcrpin.  Hyd.J.  U.S.P.;  Teroin  Hydrate,  CioHii(OK)i  +  Hrf)).— 
Prepared  by  hydialing  oi!  uf  turpentine  with  alcoltoJ  and  nitric  acid.  Colorless  prisms, 
odorless,  of  slightly  .-iromatic  ann  ?.omewhai  bitter  laste.  Slightly  sol.  In  water  (1  ;3oo); 
freely  sol.  in  ale.  (i:ij.s).  Dvst,  0.25  Cm.,  4  gr.,  U.S.P.;  o.i  to' I  Gm.,  \\^  to  is  gr., 
in  powders  or  capsules.  The  N.F.  CUzir  contains  t  gr.  to  the  drachm,  in  a  wfalclc  of 
alcohol  and  glycerin. 

Trrebenum  (Tcrcbcn.),  U.S.P.,  B.P.;  Terebene. — Dipcntcrte  and  other  hydrocarbons, 
obtained  by  the  action  of  concentrated  sulphuric  acid  on  oil  of  lurpenlinc.  Colorle*. 
thinliquid;  rather  agreeable  odor;  aromatic,  somewhat  tcrebinthinate  Uste.  Slightly 
sol.  in  water;  freely  sol.  in  ale.  (1:5)-  Dtur,  0.15  c.c,  4  minims,  US-P.;  0.3  to  I  C.C., 
5  to  15  mmims,  B.P.,  on  sugar;  or  by  Inhalation. 


EUCALYPTOL 


Eucalyptol  (Cincol,  Cajcputol),  doHigO,  is  obtained  chiefly  from  oil 
of  eucalyptus,  but  occm^  also  in  other  volatile  oils,  such  as  rajuput. 
It  is  a  mild  local  irritant,  used  especially  in  bronchitis,  as  inhalation 
(tcaspoonful  in  hot  water),  or  internally  (5  to  10  drops  on  sugar);  and  in 
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Icoryia  (spraying  with  3  to  5  per  cent,  solution  in  liquid  pctrolatiun). 
*Tbe  oil  of  eucalyptus  may  be  substituted. 

Cucalyptol  imparU  to  the  itnW  the  same  violet  odor  us  doesoil  of  turpenline,  which 
it  dosdy  rcwmblfri  io  action.    It  has  been  used  in  malaria  but  h  greatly  toferior  to 

PREPARATIONS — EtlCALVPTUS  AND  CAJtlPUT 

Eite-iiiy^iu,  11.5.?.  (Blue  Gum  Leaves). — The  dried  leaves  of  Eucalyptus  Globulus. 
,1»».  3  Gm.,  30  gr.,  U.S.P. 

Fldfxt.  Emalypt.,  V.S.P.—Dos(.  1  ex.,  30  minims,  U.S.P. 

•  (H.  Eucclypl.,  U.S.P..  B.P.— A  volatile  oil  distilled  rrom  the  fresh  leaves  o(  Eucan-p- 
nilMoes,  yielding  not  less  than  70  per  cent,  of  eucaljpiol.  Colorless  or  pale  yellow 
liqjQia.    Dcsc,  0.5  CO.,  8  minims,  U.S.P.;  0.03  to  0.18  cc,  I3  to  3  minims,  D.P. 

Vat-  Eucalypt.,  B-P.—  10  per  cent,  of  the  oil. 

*  ^'iJypial.  U.S.P.;  Kiic-dyptol  (Cincol).  CioHijO. — An  organic  compound  ob- 
tiiDcil  from  the  %-oIatUe  oil  of  Eucalj'ptua  Globulus  and  from  other  sources.  A  color* 
la  Bquid;  rliaracterislic,  aromatic  and  distinctly  ramphoraceouft  odor;  a  pungent 
i|icy  taste,  and  producing  a  cooling  sensation  in  the  mouth.  Ver>-  sol.  in  ale.  or  oils 
|MCticaIlv  insol.  in  water.     Dose,  0.3  cc,  5  minims.  U.S.P, 

Oleum  C^jufiHti  (Ol.  Cajup.),  U.S-P.,  B.P.— A  volatile  oil  distilled  Irom  the  fresh 
kiiti  and  twigs  of  se^-eral  voricticfi  of  Melaleuca  I..eucadcndrDn.  Used  mainly  as 
mnterirritant.  Date,  0.5  ex.,  S  minims,  U.S.P.;  0.03  to  o.iS  cc,  H  'o  3  minims, 
B.P. 

Sp.  CaJMp.,  B.P. — 10  per  cent.     Doie,  0.3  to  i.j  cc,  5  to  20  minims,  B.P. 

RUBEFACIENT  VOLATILE  OILS 

large  number  of  drugs  containing  volatile  oiU  have  been  u.sed  a.s 
ients  of  liniments,  but  without  seriou.s  advantage.  With  some 
of  the  tinctures  (arnica,  witch  hazti)  used  in  domestic  medicine,  the 
alcohol  is  perhaps  the  main  active  ingredient.  Thymol,  menthol,  and 
ciinphor,  and  some  of  the  volatile  oils  that  are  discussed  in  other  connec- 
lioos  could  be  classed  with  the  rubefacients. 

The  oQs  of  cloves,  cinnamon,  and  creosote  are  employed  in  dentistry 
lo<lestrov  the  ner\"es  and  to  disinfect  the  cavities  of  carious  teeth. 


PREPARATION'S 

itraica,  U.S.P.:  Amic.  Flor.,  B.P.;  Arnica. — The  dried  flowcr-hcads  of  Ajntca 
Maiana.  Contains  a  volatile  oil,  small  quantities  of  volatile  adds,  and  an  acrid 
Htter  priocijile  (.\micinV    Used  eKlernally. 

Tr.  Amie.^  U.S.P. — io  per  cent,  in  $0  per  cent,  alcohol.  Dose,  t  cc,  15  roiaims. 
05.P. 

Tr.  Ami£.  Fhr.,  B.I'. — 10  per  cent.     Dost,  3  to  4  cc,  H  to  i  dram,  B.P. 

CtrwpkyitHi,  U.S.P.,  B.P.;  Qoves. — The  dried  flowerbud  of  Eugenia  aramatica. 
*«,o,35  Gm..  4  gr..  U.S.P. 

Uf.  Caryoph.,  B.P. — ».5  per  cent.     Dose,  15  to  30  cc,  ^i  to  1  uuncc,  B.P. 

"Of   Ctiryoph..  U.S.P.,  B.P.;  Oil  of  Clove— The  volatile  oil,  consisting  mainly 


Dasc,  0.9  ex.,  3  minima,  U.S.P.;  0.03  to  0.18  cc,  ,^3  to  3 


W percent.)  of  eueenol. 
•Mw.  B.P. 

fwfitW,  U.S.P.— .An  unuttur.-\t«I.  aromatic  phenol  fC«IIi.C(H(.OCII|OH)  obtained 
•an  w  ot  ckives  and  fnim  other  sources.     Difje,  0.2  cc,  3  minima,  U.S.P. 

(M.  Ctdrda. — C'rtlarwrtoil  Oil. 

^na  Bamamfiidit  (Aq  Hamom.},  U.S.P.;  Lie.  Hamam.,  B.P.;  Hamamelis  Water, 
Uanw  of  Hamamella  {\t  itch  Hazel,  Extract  of  Witch  Hazel}. — A  saturated  aqueous 
■UOite  obtained  by  Uiitilling  with  steam  or  water  the  bark,  twigs  and  smaller  stems 
■■f  fiuuunelis  virginiann  and  adding  about  ij  per  cent,  uf  alcohol,  U.S  P.  Clear  ot 
nMcM  or  slightly  yellowish  liquid  having  a  chantcteriatic  aroma  and  taste. 

W.  (MfaiM.— Onganum  oil. 
^        <H.  Fimtnt.,  U.S.P.  (Oil  of  Allspice}.— A  volatile  oil  distilled  from  the  nearly  tipe 
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fruit  of  Pimenta  nllidnali»  yielding  nut  less  than  6;  per  cent,  of  eugenol.    Vase,  0.2 

c.c,  t  minims,  U.S.H. 

di.  Rotmarini  <0I.  Rosmiir.J,  U.S.P.,  B.P.;  Oil  of  Rosemary.— DistiJlcd  from  the 

fresh  flowers  of  Rusmarinus  officinalis.     Dose,  0.2  c.c,  3  miaims,  U.S.P. 

Sp.  RDsmfirtH.,  B.P. — 10  per  cent.  ^H 

0/.'.Si(fri«/.— Oil  of  Amber.  H 

01.  Tkymi.  U.S.P.;  Oil  of  Thyme— DisLilled  from  the  6owertng  plant  of  Thycni^^ 

vulgaris.     Dase,  0.2  c.c,  3  minims,  U.S. P. 


LINIMENTS 

Cutaneous  irriliirils  urc  usually  employee]  in  the  form  of  linimenis;  i.e.,  in  solulinn 

isne 

■win 


following: 


Ammonia  Water 

Tr.  Belladonna  or  Opium. 

Spirits  Chloroform 

Spirits  Kther 

Spin  Is  Camphor 

Tr.  lodin 

Tr.  .\c:omtc 

Tr.  Cjipsicum 

Tr.  Cantharide* 

Turitcntine 

Sp.  Sin  apis 

Essential  Oils 

Croton  Oil 

Creosote 

JUNIPER  OIL 


•■5 


1:50 


This  IS  closely  allied  to  turpentine  (containing  pinen,  CioHu,  anH 
cadinen,  CnHa*);  but  it  has  a  much  more  agreeable  flavor.  It  is  distilled 
from  the  "berries,"  the  fruit,  of  the  conifer,  Junipcrus  communis.  In  the 
form  of  "Uolland  Gin"  or  its  official  substitute,  the  Spir.  Juniperis  Comp., 
it  is  an  old-fashioned  diuretic  (Cow.,  1912)  in  cardiac  and  hepatic  dropsies. 
It  is  supposed  to  act  by  mild  irritation  of  the  kidneys.  Its  use  in  nephritis 
therefore  requires  caution.  It  also  has  some  reputation  as  emmenagogue, 
Overdoses  produce  poisoning,  similar  to  Savin. 


PBKPARATIONS — ^JUNIPER 


trwH^^ 


01.  Juniptri  (01.  Jurip.),  U.S.P.,  B.P.;  Juniper  Oil.— Distilled  from  the  ripe 

lunipenis  communis.     Dose,  o.a  c.c,  j  minims,  I'.S.P.;  0,03  to  0.18  C.C.,  t^  tojmininu, 

R.V.  J 

Sp.  Junip.f  U.S.P. — 5  per  cent.     Dost,  a  cc,  30  minims,  U.S.P.  ■ 

Sp.  Jtinip.,  B.P. — 10  pier  cent.     Dosf,  0.3  to  i.j  c.c.  5  to  so  minims,  B.P.  ' 

Sp.  Jiitiip.  Co.,  U.S.P.— 4  per  cent,  of  Juniper  oiJ,  with  Caraway  and  Fennel  oils, 

in  70  per  cent,  akohol.     Similar  to  "Holland  Gm."     Don,  10  c.c,  3^i  dram^,  U.S.P., 


ECBOUC  AND  TOXIC  VOLATILE  OILS 


Actions. — Many  volatile  oils  are  popularly  employed  as  cmmenagogu 
and  ecbolics:  turpentine,  juniper,  savin,  rue,  pennyroyal,  tansy  and  apiol. 
They  produce  pelvic  congestion  through  intestinal  irritation.  A  mild 
degree  of  this  action  may  be  useful  in  delayed  and  painful  menstruation, 
as  after  exposure  to  cold.  Abortion  occurs  only  with  toxic  doses;  indeed 
fatal  doses  are  not  always  effective.  Prochnow,  191 1,  also  finds  a  slight 
direct  action  on  the  excised  uterus.  Macht,  1913,  finds  the  contraction 
inhibited,  never  stimulated. 


J 
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SftTiB  {Sabirut)  and  Arbor  Vttn  (Thuia)  also  contain  volatile  oils  similar  to  liirpen- 
line  but  much  more  toxic.  Savin  oil  contains  pincn.  cadinca  and  sabinol.  Cii^HkOH. 
Tfauja  contains  pioco,  ftncliun,  and  thuj^m  (isomcni  bf  camphor,  anJ  having  similar 
actions  (Hildebrandt,  1903;  Matztl,  1005).  Poisoning  has  often  occurred  from  their 
uie  u  abort ifucicnts. 

Toxic  s7mptoins  from  oil  of  savin  are  those  common  to  volatile  oils:  Burning,  nausea, 
loaiting.  colic  and  diarrhea,  somttimc^s  bluody;  sc%'erc  congct>lion  of  the  pch-ic  organs, 
incKased  menstrual  flow  and  sometimes  abortion;  hematuria  and  nainful  miclurition; 
MOOudausDess,  convulsions  and  coma.  Death  may  occur  in  a  lew  hourt.  but  more 
4ftti  after  teveral  days.     Si.\  drops  are  said  to  have  produced  luxic  cHccls  (Lcvrin). 

VuXf  dcfcoeratioo  of  the  liver  and  of  other  or^'unR  iHefTtt-r,  i8(;5;  Lindemann, 
1899)  i»  produced  by  larRC  do««  u(  th»c  uil»,  especially  by  pulcgon,  the  active  cottstitu* 
ttlof  pam>-royal;  and  also  by  the  oiU  of  ia:»3afra»,  roBcmar^-  and  thyme. 

toioL — Two  drugs  arc  known  under  this  name:  "Green  .^piol,"  or  Olcorcsin  of 
fuwy  Seed  {N.X.R.,  Oleores.  Apii),  a  green  oilv  lir|iiid.  Pose  0.3  to  i  c.c,  s  to  i< 
uuh;  and  "Apiol"  proper.  X.N.i<.,  " Crj-stallizcd  .Apiol,"  "Parsley  Camphor, 
a  a)rUa11ine  aromatic  drrivative  extracted  from  the  ole«re<ua,  dose,  0.1  to  o.j  Gm., 
ito  s  ^.  It  ba«  been  studied  by  Hcffter,  iSqs.  Overdoses  (0.6  to  o.S  Gm.)  produce 
tiytuoia.  taco6rdination,  digestive  disturbances  and  fever.  Fulal  poisoning,  with 
iatodna]  symptoms,  icleru*  .ind  uremia,  is  reported  by  Brcnot,  H316, 

The  Apiols  arc  administered  in  capsules,  as  emmcnagoKues  and  antipyretics.  The 
idiMKof  the  different  apioK  do  not  seem  10  be  idenlical  [Lutz,  iqio). 

Ibonr. — The  leaves  and  tops  of  Tanacetum  vulgare  have  been  used  mainly  as  an- 
tWhniBDC  against  .Ascaris  and  Oxyuri>.  ialtrnally.  0.5  lo  1.5  Gm.  as  infusion,  twice  a 
dijr;nf  u  enema  of  15:200.  Half  an  ounce  lo  an  ounce  o!  the  oil  (whkh  con- 
tui  ihojoo)  has  produced  death  after  two  lo  four  hours,  with  convulsions  and  uncon- 
•aoBMiess. 

ftoumftiL — ^The  leaver  and  tops  of  Hedeoma  pulogioidcs  are  used  as  carminau've, 
Steio  Gm..  t  to  J  ounces,  as  infusion.  Ol.  Uedconur  (U.S.P.)  0.2  c.c,  3  minims;  a 
Itupooaful  has  pnKfuvcl  convulMons.  Its  active  cunstJIucnt,  puirgim,  CkjHiiO  has 
bccBtludied  by  Lindcmann.  i^;  Falck;  and  Matzel.  1005. 

Abdnlhe.— The  herb  Artemisia  AbMntbium.  contains  a  volatile  oiS,  who.se  chief 
OBtitaent  hiHujon,  CuHuO.  This  produces  effects  similar  to  camphor  (Hildcbrandt, 
Wtand  iQOi;  Slatzel,  1Q05).  The  liquturs  "absinlke"  and  "pfrmoiith"  contains  this 
at  tad  abo  anise,  Icnnel,  and  others;  it  is  doubtful  what  part  each  of  these  and  the  alco- 
W  (so  per  cent.)  plays  in  ih«  toxic  complcs.  In  mammals,  the  liqueur  produces  Irem- 
<n  ud  epileptiform  con\'uUioos  (Magnan,  1871).  In  man  overindulgence  .causes 
BOiUr  efforts  and  is  also  said  to  lead  to  nianta. 

RntBwg  PoiMoing.— Thi3  is  by  no  means  rare.  In  man  severe  symptoms  have 
<cainTd  from  one  to  one  and  one-half  nuimegs,  or  from  a  lenspoonful  of  powdered 
■■ct.  The  effects  appear  in  one  lo  six  hours,  and  arc  mainly  narcotic,  varied  by  ex- 
flttmcnt  and  delirium,  with  some  motor  stimulation  and  local  irritation;  they  usually 
od  in  recovery  in  twenty-four  hours.  Nutmeg  is  also  ecboUc.  Similar  effects  occur 
Banimab.  Hepatic  necrosis  has  been  demonstrated  in  cats  (Dale.  iqoq}.  Cushny 
lad  Wallace,  loofi.  showed  that  the  narcotic  effect  is  produced  by  "myrisikin."  the 
Utfi^boiling  portion  of  the  volatile  ot).  The  oil  has  been  investigated  chemically  by 
nverand  Solway.  itfoA. 

.  Senecto. — The  alkaloids  Uenetin  and  sfnici<min)  of  .S.  Jacobca  and  \'ulgaris  produce 
ncUtle  loaic  effects  resembling  th<l<>e  of  volatile  oils:  Hemorrhaftes  in  abdominal  organs, 
■ttaaDy  the  liver;  fatty  changes,  necrosis,  congestion,  and  hepatic  cirrhosis  (Cushny, 
tail.)  The  6uide>lract  (10  to  2a  drc^)  has  been  used  as  emmenagoguc.  It  has  a 
■(ta.  depreatcnt  effect  on  the  excised  uterus  (Pllcher.  iqi6). 

Tllllulimj  ADIiuniiale.—Tliis  contains  a  neutral  blltcr  principle  (Recb,  tgio], 
jjfci  i».  strongly  irritant  lo  mucous  membranes.  S>'5tcmically.  it  stimulates  respfra- 
■•  ud  ditccUy  paralyzes  cardiac  and  other  muscle.  It  is  not  hemolytic  fLamwn, 
•111). 

PREPARATIONS — lX!BilLIC   AND   TdXIC   VOr.ATII.K    OtLS 

FUnadim  Fructus,  CS-P.;  Parsley  Fruit.— The  dried  ripe  fruit  of  Petroselinum 
uuvuin, 

Otum.  PHresii^  U.S.P.  (Liquid  Apiol).— Evaporated  ethereal  extract  of  Parsley 
*■«.    D»«e,  0.5  c.c,  8  minims,  U.S.P. 

Uyrittka,  U.S.P.,  B.P.  (Nutmeg).— The  ripe  seeds  of  MyrisUca  fragran-s.  Pose, 
•■J  Cb  .  g  ^..  U.S.P.  «  r  .,  -*  . 
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01.  Xfyfist,,  U.S.F.,  B.P. — Distilled  from  the  preceding.  DosCf  o.3  cx.^  3  raiiunu, 
U.S.P.;  0.0J  to  o.tS  C.C.,  H  to  3  niaims,  B.F. 

Sp.  i/yriff.,  B.P. — 10  per  cent.    Dote,  0.3  to  1.3  ex.,  5  to  3D  minims,  B.P. 

VOLATILE  OILS  AITO  OLEORESINS  EMPLOYED  IN  URETHRmS  AKD 

CYSims 

Members. — The  oil  of  Sandalwood  and  the  oleorestns  of  Copaiba 
and  Cubeb,  and  Matico  are  used  mainly  as  urinary  antiseptics  in  gonor- 
rhea; Buchu  as  a  diuretic  in  catarrhal  cystitis. 

Manner  of  Action. — The  oleoresins  are  natural  mixtures  of  resins 
and  volatile  oils  rich  in  terpens  and  terpen  alcohols.  Tlie  terpens  are 
excreted  as  glycuronic  compounds,  which  have  a  slight  but  distinct 
antiseptic  action  on  the  urine.  Tins  is  much  less  than  that  of  hcxamethy- 
lenamlu;  but  it  has  the  advantage  that  it  is  not  affected  by  the  reaction 
of  the  urine  (Jordan,  191 1);  and  probably  they  arc  specifically  more  effect- 
ive for  certain  bacteria.  The  gonococci  are  not  killed  (Bruck,  igi^); 
but  the  control  of  the  putrefactive  bacteria  presuraably  puts  the  mucous 
membrane  in  a  better  position  for  resistance.  The  resin-acids  are  mildly 
irritant.  The  urinary  passages  are  thus  kept  under  the  continuous  in- 
fluence of  the  antiseptic  terpens,  and  i5timulated  to  repair  by  the  resins. 
The  combination  seems  to  be  more  effective  than  either  the  oils  or  the 
resins  administered  separately. 

Side  Actions. — The  gastro-intestinal  tract  is  also  irritated,  resulting  in 
anorexia,  cnlic,  eructations,  and  diarrhea.  These  unpleasant  effects  arc 
less  with  sandal  oil,  which  therefore  deserves  preference;  and  they  may  be 
further  avoided  by  the  use  of  the  santalol  esters,  which  arc  only  dissolved 
in  the  intestines.  Skin  eruptions,  scarlatinal  rashes,  etc.,  occur  in  some 
patients,  either  directly  or  from  the  digestive  disturbance.  Excessive 
doses  of  the  oils  produce  more  pronounced  irritation  of  the  entire  urinar>' 
tract,  with  kidney  pain,  albuminuria,  and  vesical  tenesmus.  Albtuninuria 
may  l>e  simulated  by  the  precipitation  of  the  resin-acids  with  nitric  acid; 
to  be  distinguished  by  the  addition  of  alcohol,  which  di.ssolvcs  the  resins. 
Glycci:;uria  may  also  be  simulated  by  the  glycuronic  acid. 

Therapeutic  Uses-^These  drugs  are  employed  mainly  in  subacute  or 
chronic  gonorrhea,  as  adjuvants  of  the  local  treatment.  They  should  not 
be  used  in  the  acute  stage,  since  they  would  increase  the  irritation.  They 
arc  best  administered  in  capsules,  on  a  full  stomach,  to  avoid  gastric 
irritation.  Cubeba  is  sometimes  used  in  bronchitis;  and  Buchu  as  a 
diuretic. 


PREPARATIONS— VOLATILE  OILS  TTSED  AGAIKST  CENITO-tJRINARY 
INTLAUMATIOK 


Bu£ku.  U.S.P.  (Buchu  Fol.,  B.P.);  Duchu.— The  dried  leaves  of  Barouna  bctuUna 
(also  of  B.  KrratifoLa,  I'.S.P.).  Contains  \-olaUle  oil,  glucosid,  biltrr  printiplc,  etc 
Dose,  7  Cm..  30  gr.,  f  .S.P.;  best  .15  inluainn. 

Inf.  Buchu.,  B.P.— 5  per  cent.     Doic,  30  to  60  c.c,  i  to  a  ounces,  B  J*. 

Fldfxl.  Buchu.  V.S.V.—Dvst.  a  ex.,  ^o  minims,  II.S.P. 

Tr.  Buchu,  B.P. — 30  per  cent.     Doic,  3  to  4  c.c,  ht  to  i  dram,  B.P. 

•  Copaiba  (L'opaib.),  U.S.P.,  B.P.  (Balaam  of  Conalva). — An  oleorc-Mn  derived  from 
South  American  !^pecie5  oE  C'opalba.  Contains  volilile  oil  and  resin  (copaivic  acid). 
Pale  yellow  to  bron'oish  yellow,  more  or  Iras  vLwrid  liquid,  either  without  fluorrKencc 
or  with  oiiiiy  u  slighlty  greeni.<ih  fluorescence;  having  a  peculiar  aromatic  odor,  and  a 
pereistcnt.  bitter  and  acrid  taste.  Insol.  in  water,  partly  sol.  in  ale,  freely  sol.  in  oil*. 
uou,  I  C.C.,  15  minims,  U.S.P.;  a  to  4  ex.,  ^  to  i  dram,  U.P.;  In  capsules  or  pills  (with 
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■yiwa).     The  vmrious  "Lafayette,"  "Chapman"   and  umilor  mixtures  are  un- 
danable. 

OL  Cop*ib.,  B.  P.— Dudtled  from  the  preceding.  Dose,  0.3  to  i.a  cc^  s  to  20 
Buaintk  B.P. 

CuMii.  CS-P.;  Cubeb.  Fruct.,  B.P.;  Cubeb.— The  dried,  full-grown,  unripe  (niits 
nf  Pfpcr  Cubcba.  Contains  volatile  oil  and  resin  (cubcbic  acid).  Dose,  1  Gm.,  15 
|r.,L.S,P.;  3  104  Cm.,  .^o  to  Oo  rf.,  B.P. 

Oitvrcs.  Cubeb^  U.S.P.~An  cvaporatcU  alcoholic  eztnct.  Dose,  0.5  Gm.,  8  gr., 
C.S.P. 

01,  CmUb,,  U.S.P.,  B.P.— The  distUted  oil.  Dost,  0.5  c.c,  8  minims,  U^.P.;  0.3 
to  I.*  ex--,  5  to  JO  minims,  B.P. 

Tr.  Cubfb.,  B.P.— 20  per  cent.     Dose,  3  to  4  c<u,  H  to  i  dram,  B.P. 
Tr»ck.  Cu6«t.,  U.S.P.— o.oj  Gm.,  3  gr. 
Kmm  Rka.,  B.  P. — From  Piper  mctnysticum. 
£xf.  Kata  Liq.,  B.P. — Dose,  2  to  4  c.c.,  hi  t^  >  dram,  B.P. 
I      Moiico. — The  leaves  of  Piper  angiisti folium. 

'      jdkti,  U.  S.  P-  (Saw  Palmetto). — The  partially  dried,  ripe  fniit  of  Serenoa  semjlata. 
Statements  as  to  presence  of  alkaloids  and  volatile  oib  are  contradictory.     Has  been 
u»d  u  natritive  tonic,  alterative,  in  re^lratory  diseases,  digestive  dibturbanccs,  as 
■piuwUsiac,  etc.     Uf  very  doubtful  value.     Dose,  i  Gm.,  15  gr.,  U.S.P. 
rUot  Sabol,,  US.P.— />wf,  I  ex.,  15  minims.  US  P. 

*OfeuM  SaiCali  (Ol.  Sanial),  L'.S.P.,  B.I'.;  Sandal  Oil.— Distilled  from  the  wood  of 
SuUlum  album.  A  pale  yellow,  somewhat  thick  licjuid;  [>eculiar  aromatic  odor, 
?iicy  latte..  Readily  sol.  in  ale.  Dose,  0.5  cc,  8  mmims,  II.S.P.;  0.3  to  r.8  ex., 
S li> ]o  minims,  B.P. 

SMLti  on  Diritalioes. — Sandal  oil  conM»Li  chiefly  (oopercenL)  of  sanlaJol,  CitHi»0, 
■  nixtore  of  two  M^»quiterpe^  alcohols.  It  b  u»ed  in  the  form  of  its  carbonic  ester 
■Cial>at,inl.  SantakiUs  CarlKinas,  N'.N.R.),  and  of  its  <jiLicyHc  ester  (Santy!,  N.X.R.}. 
~    tare  oily  liquids,  almost  without  odot  or  taste.    Dost,  0.5  c.c,  three  timeB  daily. 

BALSAMS 

Bakams  (Peru,  benzoin,  tolu,  storax)  are  oleoreslns  containing  cin- 
uink  and  benzoic  acids.  The  oUs  act  as  antiseptics;  the  oils  and  resins 
ue mildly  irritant,  siimulaiing  repair;  and  the  resins  furnish  local  protec- 
lioD  and  thus  allay  in  11  animation.  The  balsams  are  therefore  employed 
la  chronic  inflammations  of  mucous  membranes  (bronchitis)  and  of  the 
4in  (eczema  and  pruritus);  and  to  promote  the  healing  of  ulcers  and 
•winds.  Myrrh  acts  similarly.  The  balsams  are  also  used  locally  against 
KSbics,  destro\*ing  the  acarus  and  their  ova.  Peru  balsam  is  employed 
littllv  and  internally  for  tuberculosis  (for  intravenous  use,  sec  "Cinnamic 
Acid  ').  Its  internal  administration  is  of  doubtful  utility,  as  is  also  the 
*tfmal  use  of  other  balsams  in  bronchitis.  Kven  large  doses  of  the  bal- 
HUdo  not  produce  albuminuria  (Stockman,  1S91). 


P  REPARATIOSS—B  ALSAMS 

ttKfiimum,  U.S.P..  B.P.;  Benzoin  (Gum  benjamin). — .\  balfuimic  redn  obtained 
'"'■Styru  benccnn  and  other  species  ^ruwlnt!  in  the  East  Indies.     A'lr,  1  Gm.,  15 

7t.  Bern.,  U.S.P. — ao  per  cent.     Dose,  t  cc,  15  minims,  U.S.P. 

•Twrtiwti  BnxtfiHi  Com/wsila  (Tr.  Bcnz.  Co.:  Tr.  Benzoin.  Co.),  U.S.P.,  B.P.; 
™jnond  Tincture  of  Benzoin  1  Triars'  Balsam,  Turlington'*  llaUam). — 10  per  cent, 
"KBaoin.  with  Aloes,  Storar,  and  Tolu,  in  alcohol,  Dojr,  2  ex.,  30  minima.  U.S. P.; 
"A4CC,  }i  to  I  dram,  II. P.,  as  stimulant  expectorant;  as  inhalant,  tcai>poonful  to 
2?  **  hoillo|[  water;  externally,  mixed  with  glycerin  or  water,  as  lotion  for  chapped 
v^    The  oriKinal  formula  waA  much  more  complex. 

•JWjaiwwai  PrTHrtiimtm  (Bab.  Pcruv.),  U.S.P.,  B.P.;  Balsam  of  Peru.— A  bahun 
*^kd  from  Toluifeni  Pcreirse,  Central  America  (not  from  Pem):  often  adutleratrd. 
**t  bnrwn.  viscid  hqukl  of  agreeable  vanilla  odor  and  persistent  bitter  acrid  taste. 
'Wy  tol.  io  ak.  Dost,  0.3  lo  i  Gm.,  5  to  15  minima,  B.P.  Externally  on  lint;  in 
*ws,  iaunctioa  of  3  to  3  Gm.,  four  to  six  times  in  the  day. 
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Slyrax,  U.S.P.;  Styrax  Praep.,  B.P.;  Storax. — A  balsam  obtained  from  tie  wood  and 
inner  bark  of  Liquidambar  orientaita.     Dosf,  i  Gm.,  15  gr.,  U.S.P. 

Baisatnum  TultUanum  (BaU-Tolu.),  U.  S.  l'.,B.  P.^BiilsiLmof  Tolu. — A  balsam  ob- 
tained from  Toluifcra  KaJsamum.  A  ycUnwrish- brawn  or  brown,  plastic  solid,  bcxoming 
brittle  when  old,  dried,  or  exposed  to  cold;  ptea&inR.  aromatic  odor,  resembling  tbai  of 
vanilla;  mild,  aromatic  laste.     Sol.  in  ale.     Dose.  0.5  to  i  Gm.,  5  to  I5fr.,  B.r.  _ 

Tr.  Tiilu.,  U.S.P. —  JO  per  cent,  in  alcohol.     Dose,  2  c.c,  3  mmimn,  U.S.P. 

Tr.  Tolui.,  B.P.-^io  per  cent.     Dfise,  a  tu  4  cc,  J^  to  i  dram.  B.P. 

{•Syr.  ToJut.,  U.S.P.,  B.P.;  *w  Index.) 

PREPARATIONS — ^AKOUATIC  HKSINS 

Ammoniacum,  B.P.— Gum  resin  exuded  from  stem  of  Dorema  species.  Dose,  0.3 
to  1  Om.,  5  to  15  Kr„  B.P. 

^fiil.  AmmoMuu:,  B.P. — ,j  per  cent.     Dose,  15  to  jo  c.c,  !-i  to  1  ounce.  B.P. 

Oclbannm.-  Gum-rcsin  from  Ferula  galbaniflua.  Dote,  0.3  to  i  CSm..  4  to  15  gr., 
B.P.C. 

AfasticMe.  Ma&tic. — ^Kcsinous  exudation  from  Pislacia  Lcntiaau.  An  ctbcrcaJ  solu- 
tion i*  uvcd  as  a  »Iccn-varnwh  (Merck's  Rep.,  27:324). 

Myrrka,  U.S.P..  B.P,;  Myrrh.— Gum-rcsin  from  Commiphora  .<;pccic<^.  Dose, 
0.5  Cm.,  Sgr.,  U.S.P.;  0.3  to  1  Gm.,  5  to  15  gr..  B.P.,  a«  carminative.  Was  used  by  the 
andcnts  as  incense  in  rcli{n<>ue  ceremonies;  and  by  tlie  Ee>ptian5  in  embalminig,  in 
comhinatign  w-ith  spices. 

•  Tr.  Afyrrh.,  U.S.P.,  B.P. — ao  per  cent,  in  alcohol.  Dose,  i  ex.,  1$  minima, 
U.S.P.;  ;  to  4  c.c,  H  to  i  dram,  B.P.  Used  especially  as  mouth  wash  (1:25)  in  stomati- 
tis and  pharyngitis;  as  a  lotion,  i :  5  or  10. 


PREPARATrOKS — RESINOtTS  DRI7CS 
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^AinaiTftj.— The  root  of  Rchtnacca  anRustifolia  (Purple  Cone  Flower).  It  contaias 
resins,  and  no  alkiUoid.^  (Hcyl  and  Stalcy,  1Q14}.  Several  propriclAr>'  preparations 
have  been  praised  for  >ialugogue,  diaphoretic,  antiseptic,  stimulant,  and  general  altera- 
tive effects  (Lloyd.  1004;  Madden,  xqos);  hut  no  Rood  evidence  of  its  value  has  been 
published  and  the  claims  appear  extravagant  (J.  A.  M.  .\.,  Nov.  37,  1Q09).  Dcu. 
I  to  2  Gm  ,  15  to^oRr. 

Grindelia,  U.S.P..  B.P. — The  dried  leaves  and  flowering  tops  of  GrindcUa  camporum 
(also  Grindelia  squarro»a,  U.S.P).  Contains  an  amorphous  refiin  (probably  the  active 
principle),  <tuKnr<i.  proteins,  tannin,  and  a  %-er)-  smalJ  quantity  ol  volatile  oil,  no  uponio 
or  alkaloid  (Power  and  Tutin,  ego;).  It  in  said  to  relax  the  rauMTular  coats  of  the  bronchi 
and  diministi  the  e.Ycreiion  of  mucus.  It  )■'  therefore  used  io  asthma  and  bronchltls- 
Dose,  2  Gra..  10  rt..  U.S.P. 

FIdttJ.  Grinild.,  U.S.P.;  Ext.  Grindfl.  Lu}.,  lA.V.—Dost,  a  c.c.,  30  minims,  U.S.P.; 
0.6  to  t.3  C.C.  10  lo  30  minims,  B.P.     Alsu  employed  locally  in  i\*y  poisoning. 

Pyrfthrum,  U.S. P.;  Pyrelh.  Rad.,  B.P.  (PtIIitory).— The  dried  root  of  .\nacyclus 
Pyrcthrum.     Chewed  as  jualogoguc  and  against   toothache.     Dose,  2  Gm..   30  gr. 

U.S.P. 

Tr.  Pyrflk.,  U.S.P.,  B.P.— 10  per  ccnL 


INSECTICIDES 


^v    (H>^H 


Certain  vnlatile  nils,  or  drugs  containing  them,  are  u«cd  to  kill  or  repel 
insecta,  such  as  itosqiiitocs,  Roaches.  Flies,  etc.  "Insect  Powder''  (the  powdered 
6owers  of  Pyrcthrum  species — Persian  Powder — and  of  Chrysanthemum  dnerarir- 
folium — Dalmatian  Powder);  Kucal>'{>lu!i,  Menthol,  ICrigeron,  Cedar,  and  I..aveRd«r 
may  be  cited.  (Kciach  powders  commonly  contain  borax;  arsenic  is  efficient,  but  danser- 
ous;  While  Heltebore  is  also  polsonouiL)  Nnphthalin  and  Camphor  are  used  against 
metks. 

Pediculosis. — The  experiences  of  the  war  have  greatly  revived  the  interest  in  insecti- 
cides against  these  parai'itcs.  Mercury,  staphisagria,  phenol,  ctc.^  arc  effective 
aaoinst  limited  infections;  but  ibey  are  too  loxic  and  irritant  tor  extensive  application. 
Naphthalin  and  volatile  oils  stupefy  and  par3ly.u:  the  parasites,  but  they  art  likely  to 
recover  subsequently.  Adds  are  definitely  fatal.  Sulphur  dioxid  a  effective  (F 
Lenx,  191  j). 


NON-VOLATaE    ORGANIC   IRRITANTS 
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BfUSTARD  on. 

Actions  and  Uses. — The  volaiik  oil  which  is  developed  from  black  mus- 
tard on  contact  nnth  n*atcr,  produces  a  more  prompt,  more  violent,  and 
more  penetrating  irritation  than  the  other  volatile  oils.  Mustard  prepara- 
tions are  extensively  used  for  counterirritation,  but  care  must  be  taken  to 
stop  the  application  when  marked  tingling  is  felt,  or  there  may  be  %'esication 
and  even  ulceration.  Internally,  mustard  is  used  as  a  condiment ;  larger 
doses  (1  to  4  3  in  a  tumbler  of  warm  water)  produce  vomiting;  still  larger 
doses  cause  violent  gastro-intestinal  irritation.  Boiling  water  prevents 
the  development  of  the  oil  by  destroying  the  ferment. 

Composition. — Volatile  oil  of  mustird  (allyl  isu-ihtncyunate,  CiK|\CS)  is  derii'ed 
(nHn  black  mustard  by  the  action  of  u.  fermcDt,  myrosin,  on  the  glucosid  sinigrin 
(potusium  myronate).  TS«  latter  tlsctf  h  not  irritant.  Mu^lanl  seed  aIm  contains 
aDWt  35  per  cent,  of  bland  feced  oil. 

ffkiU  mustard  contains  a  similar  ferment  and  glucosid,  xinalbin,  which  yields  an 
uilagous  oil,  acrinyl  i&o-thtocyanate.  Much  lc5s  volatile  oil  is  liberated  than  with 
biKk  mustard.  White  mustard  fice<Is  have  a  cathartic  action,  due  to  Che  liberation  of 
B|S  on  contact  with  nater.  Large  doses  may  produce  sulphiH  poisoning,  with  cyanosis, 
etc.  (vmn  Lccsum,  1916). 

Simitar  iuiphur-conUtsntng  tills  are  formed  in  other  cruriferouA  plants.  »uch  as  horee- 
wSah,  radiflfa,  cress;  and  in  onion,  gartic,  etc. 

Ptanls  containing  mustard  oil  (Bursa  pastoris)  stimulate  the  contractions  of  the 
otfacd  utenu  (Gro«>er.  191^. 

rirMomrur  Radix,  B.P. — Fresh  Borieradish  Root. 
S».  Armor.  Co.,  B.P.— ZJiiJc,  4  to  8  c.c,  i  to  2  drams,  B.P. 
Smapi*  Alba  (Sinap.  Alb.),  U.S.P-i  While  Mustard.— The  ripe  seeds  of  ^napis 
■In.    Dost,  as  emetic,  to  Gm.,  3  W  drams.  U.S.P.,  of  the  powder,  in  tepid  water. 
*5uM^  \igfa  (Siimp.  Nig.).  O.S.P.;  Black  Mustard.— The  ripe  seetis  of  Brassica 
«tn.    due,  as  emetic,  10  (im.,  2.*^  drams,  U.S.I*.,  of  the  powder,  in  tepid  water, 
htdercd  mtnttard  m  applied  as  a  pouUicc,  mixed  with  5  to  10  parts  of  fiour  and  enough 
•Uer  to  make  a  paste;  it  may  aI*o  Ik-  sprinkled  on  thr  surface  of  theOTdinan-  linwc<i 
ponWce.     It  is  u*cd  in  footbaHts  for  preventing  colds  (i  to  2  ounces  to  a  gallon);  and  in 
PSRal  baths  for  infantile  coma  (larco  tablespoonful  to  small  balh). 

'  Empiastrum  Sinapsis  (Etnp.  Sinap.),  U.S.P.;  Muiitard  I'la'^ter  (Charta  Sinapis, 
MiuUfd  Paper). — A  mixture  of  de-ole«ted  black  mustanl  and  nibher.  uniformly  mixed 
ud  »pread  on  paper,  cotton  cloth  or  other  fabric.  Mustard  piaster  is  moistened 
Ikanoghly  willi  warm  (not  hot)  water,  and  applied  to  the  Ain  for  tideen  to  thirty 
■Met. 

'Olemm  Sinapis  VolatUe  (01.  Sinap.  Vol.),  I'.S.P.,  B.P.;  Oil  of  Mustard  —A  volatile 
'^Modaced  synthetically  or  obrained  from  the  seed  n£  Brassica  nij?rft,  conii^iing  chiefly 
■ful^bo-thiocyaQatc  (C»H*SCN').  Colorless  or  pale  yellow,  strongly  refractive  liquid, 
■ttinit  "  *'er>'  pungent  and  acrid  odor  and  taste.  Doic.  0.008  c.c,  J^  minim,  U.S.  P. 
II  My  be  used  as  countcrirritaot  in  '-io  to  3  per  cent,  solution  in  50  per  cent,  alcohol 
(BmUld,  140Q). 
tM.  Simap.,  B.P. — 3.5  per  cent,  of  01.  sinap.,  5.3  per  cent,  of  Camphor. 


PREPARATIONS — H  USTAKD 
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A  dumber  of  fixed  organic  drugs  also  act  as  local  irritants.  The  most  important  of 
"fst  ij  (anthariilin.  Cai>5n.um.  euphorbia,  pui^on  ivy,  and  crutoii  uil,  the  "acrid 
PJ^tiplcs"  of  ccrum  fresh  plants,  especially  of  the  family  of  Rajiunculaccjc, etc.,  may 
"Wuated  in  this  gr»up.  They  owe  their  actiNity  to  neutral,  resinous,  or  wly  prina- 
fy-_^  Some  beniol  denvalivcs — cbrysophanic  acid,  resorciii,  pvrugallot,  etc. — have  a 
■>iu  actioa,  so  also  do  some  of  the  toxins  and  the  poison  of  bees  (Faiut,  1910). 
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CAZOHARIDIIf 

Actions  and  Uses. — Cantharides  (Spanish  Flies)  are  used  for  ve£i< 
lion  and  for  prolonged  count erirrilation  in  pleurisy,  neuralgic  and  rheu^ 
malic  pains,  etc.  The  irritation  is  active,  but  the  penetration  slow,  so 
that  the  effects  are  gradual,  with  only  moderate  pain,  and  without  involv- 
ment  of  the  deeper  layers  of  the  skin.  The  blisters  therefore  heal  readily 
and  without  scar.  On  mucous  membranes  and  open  wounds,  the  effects 
arc  more  severe,  leading  to  local  necrosis,  and  slowly  healing,  suppurating 
ulcers.  Internally,  cantharis  is  highly  toxic  by  gastroenteritis  and  neph- 
ritis; even  the  absorption  from  a  large  blister  may  cause  severe  irrita- 
tion of  the  kidneys  and  urinary  passages.  It  is  therefore  conlraindicated 
in  nephritis,  and  shoiJd  never  be  used  internally,  although  it  was  formerly 
employed  as  a  diuretic. 

Origin  of  CuxtharJdbu — Cantharidin  is  a  cr>*MalUnc  principle,  the  anhydrid  of 
canthnridic  acid.  It  combines  readily  %*-ith  alkalies,  fyrming  wlublr  saUs.  These 
pmHuce  the  same  local  and  systemic  actions.  Cantharidin  ts  contained  in  a  number  of 
lOMCts,  especially  beetles.  A  similar  substance  exists  al.so  in  Mime  caterpillars.  It  is 
preseot  in  varyinR  amount,  even  in  the  same  species.  It  vras  iiiolaled  by  Robir)uet  in 
i8x3  [rom  the  Spani.'ih  "Fly"  (a  beetle — Cantharis  or  Lytta  vesicaloria).  It  ia  con- 
tained in  the  soft  ptrts,  particularly  the  blood. 

Cantharis  was  recommended  by  Hippucrales  in  dropsy  and  amenorrhea;  it  mm  vei>- 
popular  in  the  days  of  heroic  medication. 

Absorption  and  Eicretion. — Cantharidin  is  readily  absorbed  from  all  surfaces  even 
(rom  the  skin.  It  is  excreted  mainly  by  the  kidneys  (Eliascbuff);  but  since  it  irritates 
the  ^.-i!! I riv intestinal  tract  when  injected  h^frndcrmically,  some  must  be  excreted  by 
this  channel. 

Symptoms  of  Poisoning. — When  cantham  is  taken  liy  mouth,  it  produces  ^uccew- 
ively:  burninR  in  the  mouth,  thirst,  dilBculty  in  swaliowinR,  swelling  and  blisterinc 
of  the  tongue:  saiivation,  nausea,  vomiting,  colic,  and  sometimes  bloody  diarrhea  ana 
tenesmus.  The  gastro-intestinal  *;)-mptoms  may  be  less  pronounced  in  rapid  ftaiaoa- 
ing.  Kidney  pain,  burning  in  uretnru,  frequent  micturiljon,  albuminuria,  casts, 
hematuria,  painful  erection<),  abortion.  Weak  and  slow  pulse,  chill,  b>ync(>pi.-  and  coU 
luMe.  Recover>'  may  occur  in  about  five  days,  the  urine  returning  to  normal.  Tozk 
effecuhave  been  produced  by  o.C  Gm.;  death  bv  1.5  to  3.0  Gm..but  recovery  has  also 
occurred  from  much  larger  doses.     Of  cantharidin,  10  mg.  is  said  to  be  fatal. 

Central  Actions. — When  injected  into  the  circulation,  canttiaridin  affects  the  ctnlral 
TfcrnONi  sy\lrm,  producing  short  stimulation,  excitement,  and  increased  rcHexes,  fol- 
lowed by  paralytic  symptoms,  coma,  etc. 

This  central  action  is  not  often  seen,  being  obscured  by  gaslrocnteritis  or  nephritis. 

The  Treatment  of  Poisoning. — This  would  consist  of  gastric  lavage,  demulcenu, 
opiittes,  alkalies  and  pirnly  of  fluid,  heat  to  the  gastric  and  renal  region,  and  warm 
bathi.     No  oils  or  fats  should  be  given. 

Cinttuuidin  Nephritis. — The  kidneys  are  extremely  sensitive  to  cantharidin.  Small 
doses  act  entirely  on  the  glomeruli,  which  are  enormously  dilated;  numerous  leucocytes 
are  found  in  Bowman's  capsule.  The  urine  becomes  albuminous  within  half  mn  hour 
after  subcutaneous  injection.  The  smallest  doMS  increase  its  amount,  while  larger 
doses  diminuth  it.  The  epithelium  of  the  convoluted  tubules  is  only  affected  by  larger 
doses,  and  rather  late  in  the  coune  of  the  poisoning.  The  interstitial  tissue  escapes 
entirely  in  the  acute  intoxication,  and  is  but  slighUy  changed  even  in  the  subacute  form 
(MUrset,  1886;  Lyon,  1904;  Kichter  and  Roth;  Schlayer  and  Hcdingcr.  1907;  Pearce^ 
1913)'  The  excretion  of  phlhalein  is  delayed  (Kisenbrey,  n)ij);  the  aon-protein 
nitrogen  of  the  btootl  is  incrcas<:d  <.Folin,  KarsocT  and  Denis,  iqi?). 

Hepatic  Changes  and  Edema. — These  are  seen  in  dogs,  with  fatal  doses.  Opie. 
igtz,  found  fibrinous  clots  in  the  lymph  nodes  of  the  hepadc  region,  around  the  iajtired 
cells,  and  considers  their  obstruction  Tosmnsiblc  for  the  edema.  In  their  absence^ 
the  lymph  flow  is  increased  independent  ol  the  renal  changes. 

Racial  Tolerance. — The  hedgehog,  chicken,  and  duck  are  remarkably  tolerant  to 
the  nephritic  action  (F.llingcr,  1900).  This  is  not  due  to  differences  in  the  absorption, 
nor  to  deslniclion  of  the  poison,  for  the  cantharidin  is  found  in  Uic  urine,  just  as  it  is 
in  susceptible  animals.  Nor  are  these  animals  immune  to  other  nephritic  Txiisons. 
The  immunity  to  cantharides  is  also  only  partial;  even  a  single  injection  of  a  large  dose 
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causes  cbroDic  iwrphntU.  But  taking  the  fatal  dose  lot  man  (30  mg.  by  stomach)  as  tiic 
unit,  that  for  the  fiame  wrM^ht  of  hedgehog  lies  about  3,000.  For  the  dog  and  cat  it  u 
tbout  3.5  (I  mg.  per  kilo);  for  the  rabbit,  about  45, 

Thia  unmuiiitY  to  the  nephritic  action  docs  nut  confer  immunity  to  the  local  action 
on  the  skin.  In  this  respect,  the  hedgehog  Si  even  more  suBccptible  than  the  rabbit, 
vfaicb  latter  animal  is  almost  immune  to  the  cutaneous  action.  The  nephritic  action 
tileaaened  by  rendering  the  urine  alkaline  (Rllingcr,  1905).  In  the  rooster,  caniharidin 
cmcs  changca  in  the  comb,  analogous  to  thoM  produced  by  ergot.  Frogs  are  not 
nacepiible. 

Other  VeSLCants. — When  cantharis  is  contra  indicated — e.g.,  in  cases 
of  tnflamnuilion  of  the  urinary  pa^sagtrs — ii  is  usually  replaced  by  amtnonia 
water  or  chloroform,  which  also  produce  a  vesicant  action  if  their  evapora- 
tion is  prevented,  as  by  covering  the  point  of  application  by  a  thimble. 
These  are  rather  more  rapid  in  action,  but  much  more  painful  than  6y 
hfister,  and  are,  therefore,  avoided,  if  possible.  Todin,  croton  oil,  and 
matiard  havi-  also  been  u«cd,  hut  act  too  deeply. 

Contraindications  to  Vesication. — Blisters  in  general  are  coniraindi- 
itki'm  people  of  feeble  condition,  since  they  may  then  lead  to  ulceration. 
Wbcn  they  are  employed  for  countcrirritation,  they  should  not  be  applied 
directly  over  the  inflamed  part,  but  at  some  distance  from  it.  They 
night  otherwise  render  the  inflammation  more  violent. 

f HirtiHw — ^Canlharis  is  used  in  the  treatment  of  boldne&s,  in  the  form  of  tincture, 
♦try  fpcady  diluted  wiili  alcohol. 

uiumeni  at  Impotence. — Many  drugs  have  been  cmj^oyed  for  thb  purpose,  but 
■as  kaowledge  concerning  them  n  still  very  meager.  Cantharis  Js  one  of  the  most  cer- 
lita,artmg  through  reflex  irritation  from  the  urethral  mucous  membrane.  It  i$,  how- 
trer,  quite  dangerous.  »itice  elective  do»cs  arc  apt  to  set  up  considerable  nephritis. 
^iMhf  nsrniicl  oils  ax:%.\n  the  same  manner,  and  are  at  onre  less  dangerous  and  less  active. 
HmbeJoQg,  e.j.,  damiana,  giHsenn,  luiul,  gorUc.  trtc,  and  posKihly  camphor.  Slry^lmin 
■tlhoHght  10  be  elective  by  raiding  the  tone  of  the  spinal  centers.  I'hosphonts  and 
■Mrir  esjoy  some  TC|iutalion.  If  they  are  eiTeclivr  at  all,  it  must  be  through  improve- 
•nt  fB  the  general  condition  of  the  patient.  Akohnt.  morphin,  cannabis,  and  other 
■ROtics  act  as  aphrodisiacs  by  stimuiiiing  the  imagination.  Vu)iimbin  has  a  specific 
untm.  The  bnt  treatment  for  impotence  consists  of  coun«.  in  the  remo\-al  of  the 
09K  and  impruvcmcDt  in  tlie  general  health  of  the  patient  by  appropriate  hygiene. 


P&EPAAATIONS — CAKTHARIDES 

Cmlkaru  (Csnthar.),  U.S.P.;  Cantharides  (Spanish  Flies.  Russian  Flies}.— The 
Inat  beetle,  Coothaiis  vesicatoria.  Contains  caniharidin,  0.4  to  i  per  cent,  (not  less 
ttttaj6  per  ccnL,  L'.S.P.)  volatile  and  lixed  oil,  etc.    Maximal  dose,  0.05  Cm.,  r  gr. 

Cmt.  Canlkar.,  U.S.P.  (Blistering  Cerate). — 35  per  cent,  of  Cantharides. 

* Emptaitrum  Cantkari4is  (Emp.  Canthar.l,  U.S.P.;  Canlharide^  Pla.ster. — Pre- 
Wd  by  spreading  cantharide^  cerate  up<m  rosin  nla.stcr,  leaving  a  m^irgin  around  the 
■^n.  Each  «]uare  centimeter  of  spread  plaster  ivhould  contain  o.r  (im.  of  cantharideit 
«ntc.  It  mfuirri  trom  sit  to  ten  hours  to  raise  a  blister,  acc<jrding  to  the  tliickness 
<(tbttkin.  its  content  in  fat,  and  probably  al&o  individual  susceptibility.  Since  can- 
iWdia  is  toaolubtc  in  water,  it  is  welt  that  the  skin  be  rather  greasy,  to  facilitate  its 
■horpckio.  The  plaster  adheres  very  poorly,  and  must  usually  be  fixed  with  adhesive 
tfattv.  When  the  Mister  has  appeared,  the  plaster  should  be  carefully  removed  with- 
*  mpturing  the  veside.  The  latter  is  then  pierced  and  dressed  with  an  ointment. 
*■■  IVrvenlx  further  pain,  irritation,  or  infettion.  By  a  "flying  blister"  is  meant  a 
*i*  af  amall  blbters  raised  along  the  course  of  a  nerve  by  the  application  of 
^tBttve  plasten. 

CrfW-  Cantk.,  U.S.P.  (Blistering  Collodion,  Vesicating  Collodiym).— 5  per  cent. 
'Wtaridc*  ID  Flexible  Collodion. 

Tr.  Camtiiar..  IT.S.P. — 10  per  cent.  Dose,  0.1  ex.,  i  H  niinims.  Maximal,  0.5  ex. 
^■UBna,    Maybe  added  to  Imiments  to  prolong  their  local  action;  in  hair  loUons,  1:  50. 

CmskarUimum,  B.P.;  Ci»li|]Ot. — (Jhtained  from  variou-i  spede*  of  Cantharis  and 
°U)Uiri».     Colorless,  glistening  crystals;  no  odor.     Very  slightly  sol.  in  water  or  ale, 
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more  sol.  in  chlorof.,  ether  or  oils.    Canthiiriclin,  0.05  to  1  mg.  in  a  drop  of  oil,  and 
covered  with  simple  plaster,  may  be  employed  as  3  blister. 

The  cantharidal  preparations  of  the  B.P.  are  now  made  of  Cantharidin. 
The  proportions  are  anjusteH  on  the  basis  that  i  part  of  Cantharidln  is 
equivalent  to  about  200  parts  of  Canthans;  so  thai  the  activity  of  the  new 
preparations  is  about  the  same  as  that  of  the  old. 

Acft.  CnHthariditt,  B.P. — 0.05  per  cent,  (equiv,  to  10  per  Ltnl.  of  Canlharis). 

CoUcd.  Vtsic,  B.P. — 0.4  per  cent,  (equiv.  to  50  per  cent,  of  Cantharis). 

*  Emplaslrum  Canlharidin  (Emp.  CantbaridtD),  B.P.— 0.2  per  cent,  (cqiiiv.  (o  35 
per  cent,  of  Canthari-i).     Sec  "Emp.  Canlhar." 

Emplasirum  CaUjacUns  (Erap.  Calcfac),  B.P.;  WarminR  Plaster. — 0.0a  per  rent. 
(equiv.  to  4  per  cent,  of  Ointhans). 

Liquor  Efrisptitficns  (Liq.  Epispasl.),  B.P.;  RliAlerin^  Liquid. — 0.4  per  rent,  (equiv. 
to  50  per  cent,  of  Cantharis),  in  acetone  menstruum. 

Tr.  Cnntharidin.,  B.P.^^.oi  per  cent.,  equjv,  to  i^  [kt  cent,  of  Cantliaris  (A'f  of 
U.S.P.).     Donf,  0.1  J  to  0.3  c-c,  3  to  5  minims.  B.P. 

Una-  CaniharidtH.,  B.P.— 0.033  P^f  ceut.,  equiv.  to  7  per  ceot.  Cantharis  {%  of  the 
old  preparation). 


PREPARATIONS — CAPSICtrM  AND  SIMILAR  IRRITANTS 

CapTicum,  U.S.P.;  Capsic.  Fnict.,  B.P.;  Capsicum  (Cayenne  Pepper,  Afriota  Pepper). 
— The  dried  ripe  fruits  of  Capsicum  faetigiatum,  l).S.r.;  Capsicum  minimum,  B.P. 
The  action  It  due  to  alwut  0.02  per  cent,  of  a  crystalline  neutral  pnncii>lc,  cafsaiein 
(i:  100,000  produces  la-Htiag  burninf;  of  the  tongue.  Nelson,  iqio).  C^ipsicum  is  u^ 
inlemally  as  a  condiment  and  carminative,  and  eiteraatly  to  produce  prolonged  counter- 
irritaliijii  fur  rlieumatism,  etc.  (20  per  cent,  ointment;  or  equal  parts  of  Imcturc  and 
of  soap-liniment).     Dos£,  0.06  (Jm.  1  gr.,  U.S.P. 

EiHp.  Capsic.,  U.S.P.;  Capsicum  Plaster. — Prepared  by  bnifihing  olcorcsin  of  cap- 
sicum upon  the  surface  of  rosta  plaster  so  as  to  form  a  thin  coating,  leaving  a  matsia 
around  the  edges. 

Olcora.  Capsic,  U.S.P, — Evaporated  elfaerea)  extract.  Dose,  omx  Cm.,  \4  gr™ 
U.S.P. 

•  Tr,  Capsic.,  U.S.P. — 10  per  cent.     Dose,  0.5  cc.  8  minima.  U.S.P.,  diluted. 

•  Tr.  Capsic.,  B.P. — 5  per  cent.     Dose,  0.3  to  i  c.c,  5  to  15  miaimft,  B.P. 

•  Vng.  Capsic.,  B.P. — 25  per  cent. 

Eupkorhium. — The  dried  juice  of  Euphorbia  resinifera,  coosists  of  a  gum-resIn. 
The  active  constituent  is  Lhc  resinous  cuphorbun  whicti  resembles  the  active  resin  of 
croton  nil  (R«ie)im,  iqi^).  The  drug  is  rarely  used  (in  liniments,  10  per  cent.;  plasters, 
i  per  cent.). 

Mrsfrtiim.  U.S.P. — The  dried  bark  of  Daphne  spedrs.  The  active  constituent  is 
the  anhydrid  of  me2erinic  add.  There  i.s  also  a  glucosid  daphnin.  The  Buidextrmct 
b  rarely  used  as  an  addition  to  liniments  or  plasters;  also  in  rldext.  Sarsap.  Co. 

PipfT,  U.S.I'.;  Black  Pepper.— The  dried  unripe  fruit  of  Piper  nigrum.  (White 
pepper  is  the  ripe  fruit,  deprived  of  its  outer  pericarp.)  Contains  the  crystalline  alita- 
loirt  pipcrin,  a  volatile  oil,  and  a  putigent  resm.     Dose,  0.5  Gra.,  8  gr.,  U.S.P. 

OUores.  Piper,  U.S.P- — Evaporated  ethereal  extract.    Dost,  0.0^  Cm.,  |i  gr.,  U.S.P. 

Piperin  (piperyl-pipcriiiin). — Ha5  been  used  OS  an  antipyrctjc  and  carminative, 
0.1  to  0.5  Gm  ,  I  to  8  gr-,  in  capsules. 

Puisiiiilla.^'Vhe  herb  of  Anemone  Pulsatilla  and  A.  pratensis;  Europe.  Should 
not  be  kejit  over  one  year,  .\ctive  ingredient,  Anemonin.  The  drug  is  very  trritant, 
and  Ls  almost  Db»otetc.  but  Eia-^  been  UM-ti  against  asthma,  hemlcrania,  etc^  in  doset 
of  0.1  to  0.4  Gm.     It  has  a  dcprc&sant  action  on  the  exci*.pil  uterus  (Pilchcf,  191&). 

Arisacmiii  (Indian  Turnip;  Jitck-in-the-PuIpit). — The  Ire.<ih  corm  of  this  plant  la 
ver>-  irritattng'or  ''acrid"  when  chewed.  This  is  probably  due  to  the  mecnanictl 
effect  of  its  sharp  calcium  oxaUtc  crystals  (Laxenby,  i9is)< 

CHR7SAR0BINUM 

This  is  strongly  irritant  to  the  skin  and  mucou.«(  membranes.  It  is 
employed  as  ointment  (3  to  25  per  cent,  daily)  against  psoriasis  and  para- 
sitic skin  diseases,  ringworm,  etc.     It  stains  the  skin  Qceratin)  and  linen 


NON-VOLATILE   ORCANU'    IRRITANTS 


^S5 


I  brownish-violet  color.  This  can  be  removed  by  chlorinated  lime. 
Caution  must  he  used  lest  it  reach  the  eyes  and  produce  violent  conjunc- 
liviiis  (or  rather  keratitis;  Igersheimer,  :9i2)  and  corneal  opacity.  It  is 
absorbed  from  the  skin,  and  excreted  partly  as  chr}'sophanic  acid,  which 
is  easily  formed  by  its  oxidation,  especially  in  alkaline  solutions.  The 
urine  is,  there/ore,  colored  red  by  alkalies.  A  part  is  excreted  unchanged, 
tad  causes  renal  irritation,  casts  and  albuminuria.  By  mouth,  it  produces 
(o.i8  Gm.)  vomiting,  diarrhea,  renal  pain  and  hematuria. 

Cluysaiobiii  hms  u  strong  aiTinity  for  oxyeen,  ahstracting  it  rrom  the  lis-iue^.  This 
is  jBpposetl  to  be  the  basts  of  it»  action,  tne  oxidalion  pmiiuct.  rhrysojihanic  add. 
bo^c  relatively  inactive.  The  oxidation  occurs  only  In  wnlcr)'  suspcOKions  in  the  pres- 
(On  of  alkali.     Fats,  therefore,  diminish  itb  activity  [Scluiniberg,  Raisbs  aiul  Kolmcr, 

PREPARATIONS — THRYSA  ROBIN 

Ararobti.  B.P.  (Goa  Powder,  Cnide  Chrysarobin). — A  substAUCe  found  in  cavities 
•Itfac  trunk  of  Aodira  (Vouacapoua)  Araroba. 

* CkrysarobiHum  (Chr>-sarob.),  U.S.P.  B.P.;  Chr>-sarobin. — A  mixlure  of  Dcutral 
principles  extracted  from  Goa  powder;  chicily  chr>'5ophanolanlbranol,  CitlluOi. 
Ai  aimse-yeUow,  microcry^taltinc  powder,  Listclcss.  odorless,  and  irritalinjtt  to  the 
Bacotti  membrane.  Ver>-  slightly  tol.  in  water,  slifihlly  siil.  in  ale.  [i  i^Ss):  partially 
alisEitA.  A  laturstcd  ethereal  solution  of  chr>'S'ir(}bin  is  used  in  the  treatment  of 
■fti.    It  ift  painted  on  daily,  the  dead  tissue  being  pared  off.     Dose,  aoj  Gtn.,  y^  gr.. 

Cut-  Ckrysarobm,  U.S.P. — 6  per  cent,  in  Benz.  Lard. 


Vni  Ckrvtarobin,  B.P. — 4  per  cent,  in  Soft  Paraffin. 
StarUt  Rfxl,  .\fedifiital,  X.V.R.  fRubi 


.  jrura  Scarlatinum,  toluylazo-naphthol). — This 

kaed  u  4  to  B  per  cent,  ointment,  to  <.ttmulatc  the  (growth  of  epithelium,  on  dean 
pinihting  WDunds,  eqiccially  burn»,  and  on  clean  ulct-r<.  (ScKmieflen.  1008;  Mora- 
**tt,  1909;  DobtowoUkaya.  igij.  report  the  results  as  no  Uctter  (ban  without  tlie  dye.) 
7k  application  i^  dcMrribed  in  N.\.R.  Its  ufc  is  in  the  experimencitl  ^ittage.  The  8 
pcicml.  ointment  often  produces  irritation  and  even  erosion  and  sometimes  systemic 
ffctu  {violent  if.'istroenlprilis;  Lyle,  nju).  O.  Sachs,  iQit,  claims  that  a  number  of 
ckW  aniiin  dyes  also  stimulate  epithelial  growth.  A^tidoazatoluai  iji  b«ng  advucbtcd 
*>  bss  staioini!  (Hay  ward;  Beck,  1913).     it  is  used  in  the  same  strength. 


I 


POISON  rvY 

Actioas. — Contact  with  certain  species  of  Rhus,  common  along 
nadUdes,  on  fences,  in  woods  and  swamps,  elc,  produces  typical  dernia- 
tte,  parsing  through  the  successive  stages  of  hyperemia  and  itching,  to 
™JeDt  vesicalion.  edema,  and  suppuration,  according  to  Uic  specific  sen- 
ffllilily  of  the  individual;  many  }x:rsons  are  practically  inimune,  although 
1  sufficient  quantity  of  the  isolated  toxicodendrol  has  never  failed  to 
Pttjrfuce  the  dermatitis.  The  active  ingredient  of  all  the  species  is  a 
liiKusid  toxkoiiendrol.  It  is  so  highly  active  thai  If .000  "ig-  has-caused 
mere  vesication  (I'faff).  These  small  amounts  may  easily  be  conveyed 
If  dusl,  etc.,  to  some  distance,  although  toxicodendrol  itself  is  non- 
Vobtile.  (Warren,  1913,  could  not  ilnd  the  poison  in  llic  poUen,  as  has 
ten  claimed.)  Similarly,  it  may  be  conveyed  by  the  hands  or  clothing 
t«n  one  person  to  another,  as  if  it  were  contagious.  The  dermatitis 
y  a  latent  period  of  one  to  nine,  usually  four  to  five  days,  apparently 
unkrpendcnt  of  the  dose.  Internally  and  hN-podermically  it  produces 
locil  irritation  and  nephritis,  but  the  toxicity  is  relatively  low  (critical 
W>fiography,  Ford.  1913). 

^  TariC  SpMivc — Tile  most  important  are:  Rhus  venux,  synon.  venenata  (Poison 
)<MKh,  the  most  powerful);  Rhus  Toxicodendron  (Poison  Oak);  Rhus  radicaos  and 
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diveniloba  (Poison  I\'y);  Rhus  pumilA  (a  Southern  specie^) — e!1  common  in  North 
America;  the  Japanese  lacquer  tree  (Rhus  vcmidfera).  Other  loxic  »pn.'i<:s  arc  men- 
tioned by  L.  K.  Warren,  1909.  The  common  sumach,  Rhus  glabra,  doe*  not  faave  this 
action. 

Nature  of  the  Toxlcodendrot. — Pfaff,  1897,  showed  that  the  toxicity  is  not  due 
to  a  volatile  alkaloul.  it^  cl^tiiru-d  by  Khittel,  1858;  nor  to  a  volatile  add  (Maisch,  1S&6); 
but  that  it  h  caused  by  a  fixed  oily  substance.  Acrec  and  Syme,  TQ07,  isolated  this  as 
a  tar  or  wax.  and  showed  it  to  be  a  ^lucusid,  dissociable  into  rhamnose,  gallic  add  aiid 
Asetin.  It  is  soluble  in  alcohol  and  oils  and  U  prnipilaled  by  lead  aixrlate,  from  which 
it  is  dissolved  by  ether.  U  is  not  destroyed  by  healing  an  hour  at  loo^C.  (v.  Adelung, 
igii,  igij).  The  loxicndcndro)  occurs  in  the  lacteal  vessels,  which  terminate  in  fine 
hairs  (Schwatbe,  1003}. 

Artificial  Inununi^. — Ford,  1Q07,  found  that  repeated  hypodermic  injections  of 
increasing  doses  of  the  fluiilextratt  induced  rrsistance  to  the  local  necrosis  and  to  the 
nephritis;  and  that  the  scrum  of  these  animals  conferred  passive  immunity  on  others. 
V,  Adelung,  1913,  was  not  successful  in  producing  immunity  to  the  isolated  toxico- 
dendrol. 

Congenttal  Toleiance.— The  conKcnItat  variations  in  susceptibility  are  very  marked, 
many  prrst^n^  bein?  immune  to  ordmary  contact,  although  the  immunity  is  probably 
never  absoEute.  The  tolerance  ii  sometimes  lost,  and  one  attack  seems  to  leave  thie 
skin  more  sensitive  to  others;  but  Ford  mentions  that  Syme  gradually  acquired  tolennoc 
Perniration  seems  to  fadlitatc  infection. 

^rMtm«nt  of  Ivy  Poisoning. — T2iis  is  best  accomplisheti  tiy  thorough  scrubbing  iritli 
mild  soap,  then  thoroughly  rubbing  in  a  hot  soluuun  of  potassium  permanganate  (2 
per  cent,  for  ordinary  skin,  i  [>cr  cent,  if  tlic  skin  is  delicate  or  broken) ;  and  applying  a 
paste  of  castilc  soap.  The  permanganate  stain  may  be  removed  by  5  per  cent,  oxuic 
acid,  or  by  sulphurous  acid;  but  these  must  be  used  cautiously.  Salves  or  oils  must 
not  be  used  since,  by  di.*uioi\-ing  the  toxicodendrol,  they  would  spread  the  infection. 
The>'  become  indicated  only  in  the  later  stages,  when  the  poison  has  become  completely 
removed.     Rubber  gloves  protect  against  infection. 

Lead  acetate  (saturated  alcoholic  solution)  precipitates  the  toxicodendrol;  but  the 
cnmpound  dissociates  easily,  so  that  the  applications,  to  be  efTective,  must  be  made 
frequently.  Other  popuUir  remedies  are:  copper  or  iron  salLs;  the  expressed  juice  of 
*'Touch-me>not"  (iCnpattensfulva);  and  fluiaextrsct  oiCrindciia  Robusta  (diluted  with 
4  to  8  vol.  of  water  and  used  as  a  lotion). 

Other  Plants  Producing  DermatitiB. — These  comprise  a  number  of  tropical  trees 
belonging  to  the  same  faniil> — Lithrra  caustica;  .Anacardinm  (active  principle,  cardol. 
aooily  sub»tAnce>;Semccarpus.  i'rimula,  chrysanthemum,  arbor  vits,  and  many  other 
plants  (Vanilla  beans,  Clnveric,  1908);  the  fruit  of  the  ornamental  Ginko  tree  (Slarr, 
1911),  affect  sensitive  persons  in  the  same  manner. 

Primula  Dermatitis. — This  is  produced  by  direct  contact  with  the  common  Chinese 
house  plant,  Pr.  obconica,  and  a  few  other  species.  Nesiler  describes  toxic  crystal*  in 
the  resinous  secretion  of  the  leaves.  The  treatment  consists  in  cleonsiug  with  alcohol 
or  ether,  and  the  application  of  Zinc  Ointment  (O.  H.  Foerster,  1910;  Rost,  1914), 

/lyperkum.—Ray,  1914.  stated  that  cattle  feeding  on  a  Tunisian  species  (H. 
crispum]  devL-Iopvd  dermatitis  of  non-jiigmentcd  portions  of  the  skin,  and  inflammslion 
of  the  mucous  membranes  exposed  to  light.  The  phenomena  arc  due  to  ft  fluorcflccni 
substance.  Ko^er^,  1014,  claims  analofitiu<i  effects  for  the  common  SL  John's  wort, 
Hypericum  perforatum.  Similar  symptoms  arc  also  said  to  be  sometimes  produced  by 
buckwheat 

The  action  of  ^uorrscaii  dyti  on  plants  Is  discussed  by  Gicklhom,  1914. 


PHYSICAL  COUNTERnUUTAirrS 

Irritation  of  the  skin  is  easily  produced  by  physical  agencies,  which  are  often  pre- 
ferred to  the  chemical  irritants.  The  effects  and  indications  are  similar.  They  can 
only  he  enumerated  here,  kmi  and  cold,  in  the  form  of  a|^lications,  baths,  heated  aif, 
or  cautery,  t'rktion,  generally  combined  with  massage.  Eittirtdty,  radiothercpy  and 
phototherapy. 

Antiquated  arc;  Acupuncture  (pushing  needle*  through  the  skin  to  the  underl.ving 
organs,  sold  to  l>e  popular  with  llic  Chinese);  searifitalion  [small  incisions  with  knife 
or  needle);  setnns  (a  siring  carrie^l  through  a  fold  of  skin  and  left  to  suppuratcj. 

Venesection,  cupping  and  leeches  also  act  by  altering  the  distrioution  of  the 
blood. 
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DRUGS  EMPLOYED  FOR  THEIR  LOCAL  EFFECTS  ON  THE  AU- 

(MENTARY  CANAL 


STOMACHICS 
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Bitter,  iromatic  and  "sharp"  drugs  have  been  used  since  ancient  times 
« "tonics,"  and  in  various  functional  dyspepsias.  TKey  were  supposed 
(0  increase  the  appetite  and  improve  diRe^tinn,  and  thus  favor  nutrition. 

Cttssificatioii. — Simple  bitUrs  generally  contain  ^lorae  ''b^iUer  principie" 
—neutral  substances,  often  crv-stalline.  non-nitrogenous,  sometimes  glu- 
widal,  and  without  pronounced  s\'Stemic  actions.  In  arvmaiic  bitters 
these  are  mixed  with  volatile  oils.  The  astringent  bitters  contain  tannin. 
Csmdimfnts,  which  abo  contain  aromatic  oils  or  other  sharp  principles, 
fonn  the  transition  to  carminatives.  These  are  employed  to  secure  the 
Qpolsion  of  gas  from  the  alimentary-  canal. 

Efficiency  in  Health  and  Disease. — About  a  tenth  of  the  medicines 
Bemioncd  by  Hippocrates  belong  to  this  class,  and  they  have  always 
played  a  prominent  rdle  in  folk  medicine. 

Modern  scientific  investigations  (Moorhead,  1915)  have  confirmed  that 
llie  bitters  may  improve  deficient  appetite,  and  the  flow  and  quality 
(Kidity)  of  the  gastric  juice,  in  conditions  of  poor  health  (anemia);  al- 
tlhiugh  thc>'  have  no  effect  on  normal  individuals  (Carlson  and  co-work- 
en,  1914  and  1915). 

The  aromatics  and  condiments  probably  act  by  mild  direct  irritation 
oi  tlie  gastric  mucosa,  the  beneficial  cflcct^  being  due  La  the  hvperemia 
ud  motor  stimulation. 

Iffect  ia  Eiperimental  Cachwcia. — rn  dogs  provided  with  a  Pawlow  gastric  pouch, 
iMnwlered  cachectic  by  repeated  large  hcmorrhaRc-s,  .Moorhead.  iqis.  found  that  the 
i^InhUaUuu  of  billcrt  impniM-d  thv  appetite  and  ihi.-  i^it-sLrir  deficiency,  although  not 

atn  normal.  The  aoimaU  consumed  more  fond  and  the  gxstric  juice  became  more 
laot  and  morr  acid.  The  increase  oE  apiietitc  occurred  whether  llic  bitters  were 
^>aby  mouth  or  by  stomach ;  the  increa«e  of  wcretion  wax  contined  to  oral  um.  The 
■Bpfuvnnent  occur*  with  the  first  administration  so  that  it  »  nut  due  to  the  cstablisfa- 
KU  of  a  haliit.     P(»<t!iihly  the  bitter  taste  enhances  the  tasle  of  food,  by  contrast. 

bpei iiueots  oa  Normal  IndtviduoJs.  -  Carbon  and  co-workers,  1914  and  1915,  could 
■Mau  henetirMi  etTrcts  in  normal  men  or  <!l^K^.  Therapeutic  doses  of  bitters,  however 
IBta,  have  DO  immediate  or  delayed  cflect  on  ga^otnc  McrcttoQ.  When  taken  by 
■wdl  (or  large  dou^  inlrmluced  directly  into  the  stomach)  ihey  inhibit  the  normal 
^•iicrauitnctiotuand  the  sensation  of  hunger,  jtut  as  do  other  irritant  or  disagreeable 

Gtrtric  Secntiail. — Carbon,  1915,  tented  the  effects  on  a  man  nith  gastric  h&tula, 
■s'stdoi^  with  Hawlow  miniature  stomachs.  The  biltcri  were  phured  in  the  mouth, 
M  fitctJy  in  the  itomach,  etc.,  before,  n-ilh,  or  without  food,  etc.  However,  the 
ipwimcols  were  varied,  the  results  were  uniformly  negative.  Thi*  dispose*  of  the 
nthn contradictor}'  re«ult&  of  older  investigators  a<.  to  direct  secretion  (Buchheim  and 
W"*.  1S49;  Rcichmann,  1888;  Korczynski.  lyoi;  Hoppe,  n^oj)  and  "psychic  juice" 
Wtfaofl,  1004;  Bonanni,  190$;  Strashcko,  1905). 

The  inttoduclioQ  of  irritant  substances  into  the  mouth  also  fails  to  provoke  gastric 
<ra«tia(i  io  man  (Carlson.  loi^). 

AbHoce  of  "Tute"  in  the  Stomach. — Albertoni  and  Tullio,  to  12,  found  on  a  human 
•■fciKt  that  the  direct  intriHluttion.  ihruugh  u  gastric  tistula.  of  bitter  or  sweet 
^^bwaan  t  or  bouillon,  pro^lucecL  only  the  same  imniedutte  sen.^ation  as  saline;  but 
^MAm,  bread  or  alcohol  pro\'okcd  speedier  secretion  of  add  and,  taken  with  food, 
*fa4ed  a  (DOre  sali^f.ulory  sensation. 

.  hlhwica  on  Pancreatic  Secreikm. — The  oresencc  of  any  irritant  in  the  iotcstioe 
wMoiUir^  ih^  .Vi»-  t.f  {lancrealic  juice  ^Gottliro,  1804).  The  effect  of  bitters  is  some 
'^-  I  hfy  have  no  effect  on  the  pojicreatic  or  bile  flow;  the  intestinal  juice 

"  ir-  I.  then  increased  (Reichmann,  t888;  Jodlbaucr). 

Ifeet  OQ  Abaorptuxu — Bitters  hasten  the  absorption  of  sugar  and  peptone  from  the 
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stomach  (Brandt,  1893),  but  seem  to  dday  it  somewliat  from  the  iolutioc  (Kicdcr, 
1910). 

Sojourn  of  the  Food  in  the  Stomach. — According  to  Heubncr.  this  is  &kon«ncd 
by  small,  dclavcd  bj  largi-,  du^t-s. 

Effect  on  £>i£esdTe  Ferments. — Most  of  the  bitters  have  no  ciTect  on  digestion  t» 
vilrn. 

Antiseptic  Action. — Bitters  and  aroma  tics  arc  ajiti5icplic,  and  may  therefore  influence 
digestion  fuvurubly  by  limiting  putrefaction  and  abnonna)  fermentation. 

Leucocytoais. — A  furtiier  action  of  stnmachics  (bath  bitten^  and  ammatics)  which 
m.iy  be  concerned  tn  their  therapeutic  action,  is  that  they  increast  iht  leucocytes  of  the 
blood.  CHirl,  1856,  Biiw,  187^,  Pohl,  18R8).  The  theor>-  has  been  advanced  that 
these  leucocytes  [May  a  rAte  in  mtestinal  absorption.     (Hofmeister,  18S7). 

Therapeutic  Uses  of  Stomachics. — These  are  employed: 

1.  ']'o  increase  appetite,  from  whatever  cause  this  be  deficient. 

2.  To  improve  digestion  in  all  kinds  of  "atonic"  dyspepsias,  with 
motor  or  secretory  deficiency.  They  tend  to  remove  the  anore.\ia,  op- 
pression, constipation,  hypochondria,  etc.  In  subacute  or  chronic  gas- 
iritis,  the  astringent  bitters  may  be  more  useful,  otherwise  they  are  rather 
objectionable.  Tannin  must  be  especially  avoided  when  the  bitter  is  to 
be  prescribed  with  iron,  since  this  makes  an  unsightly  mixture.  Tannin- 
free  are  the  simple  bitters  and  the  majority  of  the  aromatic  bitters. 

3.  As  tonics  in  anemia,  convalescence,  phthisis,  etc.,  to  hasten  recon- 
struction, 

4.  As  antemetics. 

5.  To  modify  or  improve  the  taste  of  food  or  medicines;  also  to  obscure 
a  "bad  taste  in  the  mouth." 

Administration. — It  is  believed  that  stomachics  should  be  administered 
about  a  half  an  hour  before  meals.  The)'  arc  generally  more  pleasant, 
and  therefore  more  effective,  if  they  are  judiciously  blended,  as  in  the 
aromatic  and  compound  bitters  (Tr.  Gentians  Co.;  Tr.  Cardamomi  Co.). 
Overdoses  produce  nausea  and  so  defeat  their  ubjecL 


SIMPLE  BITTERS 

These  are  practically  free  from  aromatic  oils  or  tannin,  and  ta.n  there- 
fore be  mixed  with  water.    The  tinctures  are  strongly  alcoholic. 

Certain  pure  alkaloids,  such  as  Quinin  or  Strychnin,  may  be  used  as 
simple  bitters. 

PREPARATTOKS 

Berberis,  B.P. — The  dried  stem  of  Ucrbcris  aristata.  The  rhizome  and  n>ots  oi  B. 
aquifolium  were  formerly  oflirial  in  the  U.S.P.  The  pharmacology  has  been  studied 
by  Hildt-brardt.  iqo;. 

Tr.  Bcrb<r..  B.P.— lO  per  cent.     Dnst.  ?  to  4  c.c,  H  •«>  '  dram,  B.P. 

Caiumba,  U.S. P.;  Caltimha;  KadLt,  B.P.-  Calumba  (Colomho). — The  dried  root  of 
Jatcorhiza  palmata,  U.S.P.;  Jatcorhyza  Columba,  B.P.  k<.-M.-mbles  gentian  but  can 
be  mixed  with  iron.  Contains  several  alkaloids  (Caiumbanin.  jaieorhizin,  ai>d  pal- 
matin),  related  to  bcrbcrin.  Bibcrfeld,  1909,  found  that  these  differ  only  quantitatively 
in  action,  paralyxiny  the  central  nervous  syslcm,  esp«:ially  ihf  ri-spiratory  center,  and 
lowering  the  blood  pressure  through  cardiac  and  vasomotor  dcprc&sion.  Dose,  3  link., 
30  gr.,  U.S.P. 

fn/.  Caiumb.,  B.P. — 5  per  cent.     Dase,  ij  to  30  c.c,  H  to  1  ounce,  B.P. 

Tr.  Caiumb.,  U.S.P. — 30  per  cent,  in  60  per  cent,  alcohol.  Dase,  4  c.c,  i  drmm, 
U.S.P. 

Tr.  Caiumb.,  B.P. — ro  per  cent.     Dose,  3  to  4  cc,  ^  to  i  dram.  B.P. 

Chiraia.  B.P, — The  dried  plant  of  Swcrtia  Chirata. 

Inf.  Ckirat.,  B.P. — 5  per  cent.     Dost,  15  to  30  cc,  )«t  to  i  ounce,  B.P. 

Tr.  CJrirct.,  B.P.— 10  per  cent.     Dcse^  2  to  4  cc,  hi  to  1  dram,  B.P. 


CttUiaHO,  U^.P.j  Gtntiana  Radix,  B.P.;  Gentiin. — The  dried  rhizome  and  roou  of 
GeUiaiu  lutn,  Switxeriaod.  One  of  the  most  useful  of  the  bitlcrs;  mentioned  by 
Pbt^>  The  bitter  principles  are  the  crystaHUnc-  glucosld  gcntitn,  nnd  tht>  amorphous 
pntiuaATin.  The  frcih  drug  contains  the  crysulline  glucosid  gentiopirrin,  which 
i^sappcara  in  drying.  There  in,  also  u  small  amount  of  tannin,  not  enough  to  be  astrio- 
(eat.  but  stiffident  to  be  incomriatilile  with  iron.     Ooie,  i  Cm.,  t$  gr..  U.S.P. 

^  Bxtnutum  Gmliana  [Ext.  Gent.),  U.S.P.,  B.P.— A  watery  pilular  extract,  used 
U/ftty  aspill  eitipicnt.     Ajjc,  o.»5  dm.,  4  gr.,  U.S.P.;o.iJ  to  0.5  Gin.,  2  to  8  gr.,  B.P. 
tif.  Gtni.  Co.,  B.P.— 1.35  per  cent.,  with  Bitter  Orange  and  Lemon  peiJs.    /)o«, 
ijtojocc,  ^i  10  I  ounce,  B.P. 

'titirjHra  Centiana  Composita  (Tr.  Gent.  Co.),  U.S.P.,  R.P.— 10  per  cent,  of 
(imtiati.  with  Bitter  Orange  Peel  and  Cariiamom,  in  45  per  cent,  alcohol.  Doxt,  4  cc, 
ubiBi.  l*^.P,;  J  to  4  c.c,  ?^  to  I  dram.  B.P. 

Panirti. — Tlie  root  of  Cnondodendron  tomentosum.  Contains  bebeerin,  iwbe- 
Ucno,  and  other  alkaloids  (studied  b^  Faltis.  191 3;  Scholtz,  tots).  Commercial 
"Bdinnn  sulphate  cr>'st."  is  isobcbeenn.  It  is  iMimrric  wiih  eoJrin,  and  like  Ihb, 
Inurrotic  actions  (Scholtz  and  Koch,  1915).     Vase  of  Parcira,  2  Gm.,  30  gr. 

ficTwkisa,  B.P., — ^The  rhizome  of  Picrurhiza  Kurroa.  Dose,  0.6  to  1.3  Gm.,  10  to 
»  p.;  wtiperiodic  dose,  3  to  4  Gm.,  45  to  60  Rr.,  B.P. 

£1*.  Pkrork.  Liq.,  B.P. — Dose,  i  to  4  c.c.  15  to  60  minims,  B.P. 
Tr.Ficrorh.,  B.P. — 15  per  cent.     Dosr,  j  to  4  c.c,  I2'  to  1  dram,  B.P. 
(^>«^ill.  U.S.P.;  Quassia  Lignum,  B.P.;  Quassia. — The  wood  of  Picraena  excclsa 
(ihoofQuasua  amara,  U.S.P.).     Dosr,  0.5  Gra.,  8  gr.,  U.S.P. 
W  ^"iu-i  B.P. — I  per  cent.    Dose,  15  to  30  c.c.  \i  to  i  ounce,  B.P. 
Tr.  Qimss.,  U.S-P. —  20  per  cent.     Dose,  7  cc,  30  minims,  17.S.P. 
Tr  Qifcuj.,  B.P. — 10  per  cent.     Dose,  a  to  4  ex.,  >i  to  i  dram,  B.P. 
rmmnrM,  U.S.P.;  Tarax.  Had..  B.P.;  Taraxacum  (Dandelion).— The  dried  rhi- 
■OK  aod  nwu  of  Taraxacum  ofTicinalis,  U.S.P.;  the  fresh  root,  B.P.     ((*ompo9ition. 
foveriaij  Browning.  1^12),    Dost,  10  Cm.,  ^'^i  drams,  U.S.P. 

Ia.  Torax.,  U.5.P. — A  pilular  extract;  used  as  pill  exdpient.     Dose,  t  Gm„  15  gr., 

fWfi/.  Tarax.,  U.S.P.— />f»sp,  10  cc,  jH  <lratns,  U.S.P. 

Svi.  Tarax.,  B.P. — The  juice,  preserved  with  25  per  cent,  of  alcohol.  Dose,  4  to 
l<^.  I  to  1  drains.  B.P. 

iMiiguryvm.  U.S.P.  (Prickly  Ash).~-The  dried  bark  of  Xatithoxylum  ameri- 
cMWa  or  X.  Clava-lterculli.     Contain*  berberin.     Dost,  i  Gm.,  30  gr.,  U.S.P. 

f^dat  Xantkcx..  VS.V.—Doie.  ;  cc,  30  minims,  U.S.P. 

ASTRINGENT  BITTERS 

U'tlh  these,  tannin  is  a  prominent  ingredient,  whilst  volatile  oils  are 
present  only  in  small  quantity,  if  al  all.  The  prepai^tions  can  be  mixed 
vith  water* 

PREPARATIONS 

(•  Tr  Citektma  Co..  U.S.P..  B.P.,  see  Index.) 
r*<.  jr:,v.:    li.p.— Tbe  dried  bark  of  Croton  Klutena. 
/»■  B,P.— 5  per  cent.     Dpsf,  15  to  30  cc,  ^  lo  i  ounce.  B.P, 

If   ■  ■      .  B.P. — 10  per  cent.     Dose,  a  lo  4  c.c.  ^-2  to  i  dram,  B.P. 

CimMi/»ta,  L'.S.P.  (Black  Cohosh,  Black  Snakeroot;  Macn>tys).— The  dried 
iWwn  and  roots  of  Cimidfu^^  racemosa  (Constilucnu,  Flnnemore,  1910).  Dose, 
I  Gm-,  ijflP-.  l'.S.P. 

Ex».  CimitiJ.,  U.S.P.— A  powdered  extract,  i  Cm,  representing  4  Gm.  of  the  drug. 
Aor.  o  15  Gm  .  4  gr..  V.S.P. 

FUcxt.  Cimitif..  U.S.P.~J3wc  1  c.c.  15  minims,  U.S.P. 

Cfm^mfaHfa. — The  hark  of  Marwlenia  Condurango.  Used  as  axiringent  Utter 
I  ifiw  hllj  in  gastric  ulcer  and  carcinoma. 

Jttrtt.  Cmdur.^Daie.  i  lo  1.5  cc,  (5  to  7K  minims. 

Cmtp*tia  (Angmtura  Bark). — The  bark  of  Cusparia  febrifuga.  Contains  alkaloids, 
cMcAjr  ciupsrin  (Troeger  and  ftlueller.  1015).     Dosr,  0.6  to  2.5  Gm.,  10  to  40  gr. 

Strftmitria,  U.S. P.;  Sref^nt  Rhiz..  B.P.;  Serpenlaria  (Virginia  Snakeroot ) .—The 
•itird  twaotat  and  roots  of  .\ri3t0lochia  Scrpcntana  or  reticulata.     Dose,  i  Gm.,  15  gr.» 

Tt.  SteptmLt  B.P. — >o  per  cent.     Dostt  2  to  4  ex.,  >j  to  1  dnun,  B.P. 
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AROMATIC  BrrTERS 


These  contain  both  aromatic  oils  and  bitter  principles,  but  no  tannin. 
Their  alcoholic  preparations  can  not  be  mixed  with  water  without  t 
bidity. 


PREPARATIONS 

(Aurantii  Amari,  Cortex,  sec  Index.) 

Anlkemidis  Plorts,  B.P.  (EtKlish  or  Roman)  Chamomile  Flowers. — The  driwl  do 
heads  of  Antlicmb  oobilis. 

Ol  AnlJiffH.,  B.P.— The  tlistilletJ  oil.     Doif,  o.oj  to  0.18  ex.,  I*  lo  3  miniRU,  B.P. 

Betel.  B.P. -The  drial  leaves  of  I'iptr  Belle. 

Ciilamux  (Sweet  Flas). — The  rhizome  of  Acorns  Calamus. 

MiUruaria,  CS.I*.  ((jermiin  Chamomile). — The  dried  flowcr-heads  of  Matricaria 
Chamuiiiilla.  Volatile  oil  and  bitter  principle*..  Ui^ed  lu  infusion,  inlrrnaily  as 
^tomnchic,  carminative,  and  diaphoretic;  estcraally  as  counlcrirritaot.  Dote,  15  Goi-, 
4  drams,  U.S.P. 

Panax.  Cinserig. — The  root  of  Panax  quinquefoliura,  ven-  highly  valued  by  Uie 
Chintic,  belongs  to  this  series.     So  do  other  s[K-cirs  of  Panax  and  Aralia. 

Numerous  other  bitters  are  used  in  domestic  medicine,  but  they  tre  not  worth 
mentioning. 

carmhiatives 

This  class  comprbes  certain  aromatic  oils  exerting  an  irritant  action 
upon  the  stomach  and  intestine,  bdng  somewhat  specific  in  causing  the  ex- 
pulsion of  gas  rather  than  of  fluid  or  solid  contents.  Since  they  are  also 
antiseptic,  ihcy  are  especially  useful  in  abnormal  fermentation,  remo\dng 
at  once  the  discomfort  caused  by  the  gas,  and  checking  the  growth  of 
the  bacteria  which  give  rise  to  it.  They  also  form  useful  additions  lo  laxa- 
tive mixtures,  since  they  diminish  the  "griping."  Charcoal  is  also  classed 
as  a  carminative. 

PREPARATIONS — CARHINAmTS 

•  Cttrbo  Ugni  (Garb.  Mg.).  U.S.P.,  B.P.;  Wood  Charcoal.— Black,  tasteless  asd  odor- 
less, very  fine  powder.     Ihse,  1  (im.,  15  gr.,  U.S.P.,  to  4  Gm.,  60  gr. 

When  freshly  heated,  churcoal  condenKa  ga»es  and  dissoU-cd  t^ubt^tances  in  ita  pores, 
therefore  acting  somewhat  a*  a  catalyst  in  facilitating  oxidations  and  other  chcmic 
reaction!).  It  has  been  used  as  a  dressinj^  fur  iufectcd  w-uund».  Internally,  it  is  some- 
time employed  in  flatulence,  with  the  idea  that  it  will  absorb  the  ga&cs.  It  ia  prob- 
ably useless  since  moist  charcoal  has  this  property  only  to  a  verv  slight  degree.  It  is 
also  use<t  as  an  anlidnce,  especially  for  alkaloidal  poiviins  (WiechowskiJ.  Aniiaal 
charcoal,  Carba  animalis,  U.b.l'.,  Bone-black,  is  u»cd  in  chemical  industry'  for  dc- 
CoUyriiing.  It  has  been  employed  in  dywntrry,  similar  to  Kiiolin.  It  adsorbs  and 
therefore  binders  digestive  ferments  in  vitro;  biit  this  seems  lo  be  compensated  by 
increased  secretion  [Strauss,  1916),  It  also  adsorbs  and  inactivate^  toxins  (R.  Kraus 
&  Barbara,  1915}. 

Colloidal  Carbon  (caramel)  ia  harmless,  even  on  intravenous  injection.  It  antu- 
otiizes  .illcaloids  (strychnin)  when  mixed  m  vUra,  and  even  somewhat  when  the  strychnin 
is  given  by  mouth,  and  the  carbon  by  vein;  but  this  antagonism  xs  too  uncertain  for 
practical  application  (Sabbatani,  igi  j  atitl  1914). 

Mentha  Piperita,  U.S.P.;  Peppermint. — The  dried  leaves  and  flowering  tops  of 
Mentha  piperiUi.    Dose,  4  Gm.,  Ho  gr.,  C.5.P. 

("  Aq..  Menlh.  Pip.,  see  Index.) 

01.  if  calk.  Pip.,  U.S.P.,  B.P.— The  distilled  oil  containing  at  least  50  per  cent,  of 
menthol.  Colorless  liquid,  diaracteristic  ckIof,  pungent  .iromatic  laste.  Dose,  0,2 
C.C.,  )  minims,  U.S.P.;  0.01  to  0.18  cc,  K  to  3  minims,  B.P. 

'  apiritus  Mentha  Piperita  (Sp.  Mcnth.  Pip.),  L'.S.P.,  B.P.;  Spirit  (Essence)  ol 
Peppermint. — 10  per  cent,  of  the  Oil;  the  II.S.P.  is  tinged  green  by  maceration  with 
Peppermint.  Dost,  2  c.c,  30  minims,  U.S.P.;  0.3  to  1.2  c.c,  5  to  so  miniins,  B.P.; 
in  water. 


VEGETABLE  CATHARTICS  l6l 

Maaia  Vtridis,  U.S.P.:  Speanmnt. — The  dried  leaves  and  the  flowering  tops  of 
Mauiu,  wlcau.     Dost,  4  Gm..  60  gr.,  U.S.P. 

Uir.  Sintk.  Vir..  sec  Index.) 

Ot.  Memtk.  Vir.,  U.S.P..  n.P.— The  disUlled  oil,  cOnUining  at  least  40  per  cent,  of 
afraoe.    Dost.  0.2  cc-  3  minims.  U.S.P.;  0.03  to  0.18  cc,  H  *<>  A  roinim-i,  B.P. 

Sf.  Urmtk.  Vir.,  U.SP. — 10  per  cent,  of  oil,  colored  by  maceration  with  spcanoiot 
herii.    D*se,  1  cc,  30  minims.  U.S.P.;  diluted. 

Zi»pher,  U.S.P.,  B.P.;  Oinger. — The  dried  ihizomc  of  Zingiber  officinale.  The 
(W  active  ingredient  is  a  vt^atite  oil.  Dost,  i  Om.,  15  gr.,  U.S.P.,  as  pon-der  or  )d 
■lUr. 

SisiiUr  to  Ginger  are:  Gidantfl,  Zedoaria,  and  Aiamm, 

FldiA  Zimeib.,  U.S.P.— Strong  alcohol.     Dose,  i  ex.,  15  minimi,  U.S.P. 

CVeom.  Zingib.,  U.S.P.-'.\n  evaporated  ethereal  extract.  Dose,  0.05  Gm.,  H  P-i 
CAP. 

Syr.  Zinti^.,  C.S.P.,  B.P.— 3  per  cent..  U.S.P.;  as  pcr  cent.,  B.P.  Dott,  15  cc, 
iitina.  U.S.P.:  >  to  4  cc,  H  to  1  dram.  B.P. 

Tiac/ttfa  Zimfiheris  (Tr.  Zingib.),  U.S.P.,  Tincture  o(  Ginger. — 20  per  cenL  in 
rfohoL    Dvje.  3  cc.  30  mininiB.  U.S.P. 

•  Tr.  Ziniib.~U.V.;  10  per  cent.     Doie,  1  to  4.  cc,  MXn  i  dfan.,  B.P. 

VEGETABLE  CATHARTICS 

Kuiner  of  Action. — Cathartics  or  cvacuants  are  drugs  which  produce 
deftcation.  They  may  do  so  by  simply  increasing  the  bulk  of  the  intesti- 
Hlcoatents  (pcirolaium,  agar,  etc.);  or  bv  preventing  the  absorption  of 
*aler  (salincsj;  or  by  irritating  the  small  or  large  intestine,  as  most 
of  liie  vegetable  cathartics.  The  cathartics  differ  from  other  irritants 
bthat  their  irritation  is  relatively  mild  and  is  confined  more  specifically 
to  lie  intestines.  This  may  be  explained  by  itelective  action,  or  more 
Anply  by  the  alkaline  reaction  of  the  intestines  favoring  their  solution 
or  decomposition.  This  solution  must  not  be  loo  rapid  or  the  drugs 
*!!  be  largely  absorbed  or  decomposed  before  reaching  the  lower  intestine. 
Thcisolatcd  principles  are  therefore  less  useful,  and  sometimes  les5  effective 
tKw  the  galenic  preparations  in  which  they  are  protected  by  the  ex- 
Irtclives,  gums,  etc.,  of  the  drug. 

Ltbtratkui  and  Solution  of  the  Cathartic  Constituents.— Ca&ior  oil  and  croton  oil 

Imcooc  active  odK  when  their  fatty  acids  arc  liberated;  crotun  oil  contains  some  (rce 

adriaod  is,  therefore,  puslulant  also  nn  the  skin.     Thi- cmodia  cathartics  nfleo  contain 

dbcnidal  compounds,  >vhich  mxi^x.  be  split  before  the  action  occurs.    The  group  of 

''tt^>''  are  in^itutiir  in  walrr.  but  are  (tecooipose<I  and  dis^olvetl  by  alkalies  andoilo. 

InflBcsce  of  the  Bile  on  Cadiartics. — The  biU  seems  to  be  necessary  for  the  acti%-a- 

titu  of  omny  of  the  resinous  citthartiLS,  the  follmvin};  being  relatively  or  quite  inefTective 

in  Its  abience:  gamboge,  podophyllum,  convolvulin,  jalap,  and  ficammonium  (Durhheim 

and  SUdclaiaoa).     The  bile  ajcls  presumably  by  increasing  the  solubility.     Rhubarb, 

Kant  and  calomel  are  active  in  the  ab»«nct^  of  bile  (Valeri,  igio).     Aloe  seems  to  act 

ipAlM  wcU  without  bile  in  animal  ex)KTiments;  but  clinically  it  ba&  been  claimed  that 

it  b  incffrctivr  in  biliary-  oMintciion. 

SflUn^  no  Hypodennic  Administration. — The  anthracene  and  resinouii  calharlia 
afco  increase  perislaUb  if  they  are  injected  sHbfttlnneotisly  or  intravenously;  the  resJn- 
CVDop  h  even  more  active  by  thi'^  channel.  The  attion,  however,  is  even  then  a  local 
ooe,  the  constituents  being  excreted  into  the  intestine.  The  cathartics  are  not  admin- 
ialovd  in  thia  manner,  in  praciice,  !.ince  the  injection  would  be  painfully  irritant;  the 
cfirda  are  also  more  ex<;ily  controlled  when  the  drugs  are  given  ny  mouth. 

AlwaiM  of  Tozie  Effects. — Only  ver>'  ctcessive  doses  of  the  draslic  cathartics 
fttdmtm  acrioui  tSrcls  through  gastroenteritis.  A  relatively  mild  irritation  suffices  for 
•awe  oaUunJB.  None  of  the  vegetable  cathartics  arc  at  all  corrosive;  and  even  toait 
dnv  etirfte  necrotic  change*  only  as  llie  result  of  excessive  inflammation.  The  irrita- 
b  cac6ned  to  the  intei^tin.il  iraci;  the  slrnnger  cathartics  escaping  absorption, 
the  milder  laxative?  would  scarcely  be  irritant  even  if  absorbed.  There  U  000- 
iy  DO  danger  of  nephritis. 
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Location  of  Action. — This  is  of  practical  as  well  as  scientific  inten 
because  it  often  determines  the  choice  of  the  cathartic.  The  older  invest 
ligations  have  only  a  limited  value,  because  they  generally  involve  opera- 
live  procedures  which  are  apt  to  render  the  intestinal  movements  abnormal 
or  to  arrest  them  altogether.  Cannon's  method  of  observing  these  move- 
ments in  intact  animals  by  means  of  the  Roentgen-rays  has  opened  the 
way  for  more  reliable  obser\-ations.  This  method  has  been  applied  to 
pharmacologic  problems  especially  by  Magnus,  1009  and  by  his  pupils. 
Their  results  have  been  conlirmed  in  man  (/./.  Meyers-Bet^  and  Gebhardt, 
1912).  They  have  shown  in  this  way  that  Senna  acts  mainly  on  the  large 
intestine,  increasing  the  defecation-reflex.  Castor  oil  stimulates  peristalsis 
in  the  small  intestine.  Colocynth  stimulates  the  movements  of  the  small 
intestine  and  leads  to  intestinal  effusion.  Magnesium  sulphate  quickens 
the  passage  through  the  small  intestine,  and  prevents  the  absorption  of 
fluid  and  the  concentration  of  the  contents  of  the  large  intestine.  Calomel 
increases  peristalsis  both  in  the  small  and  laree  intestine. 

The  Nomul  Course  of  the  Food  through  the  Alimentary  CanaL — The  following 
(IcKcriplion  (Magnus)  applies  stx-cifically  to  cuts  fcti  with  15  c.c.  at  iKitutn  niash.  muced 
with  5  (>m.  of  bismutn  suhoitrate  ((o  render  it  opaque  to  the  KocntKcn-ra>'s)  and 
observed  with  the  fluoroscupc.  The  phenomena  arc  similar  with  other  food  and  in 
other  animals,  inrluding  man  (Cannon,  tQii). 

Passage  through  the  Stomach. — Immcdiati-ly  after  feeding.  Ihe  <;lomadi  is  entirely 
iillcd.   willi   ^   ftimius  dil.iled   ami   resting.     In   the  pyloric  antrum,  refEulnr  powerful 

Peristaltic  waves  arc  observed,  swtcping  the  contents  against  the  pyloric  sphincter, 
n  a  quarter  of  an  hour,  the  food  lifKins  to  be  expelled  into  the  duodenum,  small  portioni 
at  a  time,  the  expulsion  bcin^  completed  In  two  or  three  houre;  mcata  and  c^Mctallj^ 
fats  arc  disi;har);c<f  more  i^liiwty. 

Passage  through  the  Sin^  Intestine.— This  exhibits  three  motor  processes:  (i) 
The  ptndulum  movements,  which  produce  an  altematiog  "r)*thmic  segmentation" 
of  the  ojDtcnls;  kneading  and  mining  the  chyrae,  and  exposing  it  lo  a  large  absorbing 
surface  (2)  True  nerislaliic  waves,  appearing  from  time  to  time,  atid  propcHtng  the 
entire  contents  of  tnc  loop  slowly  for  a  few  n-nlinu-ters  in  a  dcs^rending  direction.  (5) 
Peristaltic  '"rush,"  sudden  wave*  of  contraction  swcciMng  the  contents  swiftly  through 
long  segments.    This  b  seen  especially  under  [Milhologic  conditions,  such  as  poiMning. 

In  cats  the  pa.<«age  of  foor]  into  the  cecum  begins  in  two  and  one-half  to  tlinre  houn 
and  is  completed  in  »cvcn  to  eight  hours  after  the  feeding.  The  passage  is  hastened 
by  cellulose.  <lelayfd  hy  fat5,  and  especially  by  meals  (some  two  hours).  In  man  the 
usual  time  of  appearance  iu  the  colon  is  four  to  six  hotirs.  The  chyme  as  it  reaches  the 
colon  is  still  scmilluitl. 

Passage  through  the  Large  Intestine. ^The  colon  is  divided  functionally  into  two 
portions.  Thf  pnninial  jmriiiin  itutt.s  the  ronn-nlration  of  the  chyme  by  a  churning 
proccM;  groups  oi  powerful  a&ccnding  (antiperistaltic)  waves  sweeping  the  conteaLi 
against  the  ik-o-cccal  valve.  Extensive  absorption  of  fluid  occurs  during  this  process, 
and  as  the  contents  becomes  soliditied,  fragments  are  separated  from  the  lower  portion 
by  annular  contractions  of  the  intestinal  muscle.  These  masses  then  wander  vety 
slowly  toward  the  rectum.  The  passage  through  the  large  intestine  occupies  about  the 
some  time  as  that  of  the  small  intestine,  in  man  about  six  hours. 

Defecation  RefleiC — This  is  started  by  the  arrival  of  the  mass  in  the  rectum.     It 
greatly  influenced,  however,  by  the  sriisilivfncs-;  of  the  rectum  and  by  the  habits  of  the 
patient.     It  is  here  that  the  delay  in  constipation  mainly  occurs. 

Total  Time  for  the  Passage  of  Food. — In  man  the  journey  from  the  mouth  to  the 
rectum  is  made  in  about  nine  hours;  the  further  delay  in  the  rectum  depends  on  the 
halnts  of  the  individual. 


Pectiliftrities  of  the  Cathartics. — These  arc  largely  explained  by 
mechanism,  the  location  and  the  severity  of  the  action. 

Time  of  Action.— A  cathartic  which  acts  on  the  large  intestine  can 
produce  any  effect  until  it  reaches  this  place.     Even  then  the  response 
will  depend  on  the  habits  of  the  patient.    These  become  less  important 
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with  the  more  irritant  cathartics.     The  usual  time  of  reaponse,  for  the 

more  important  cathnrlics.  is  as  follon's: 

Salines,  one-half  to  one  hour  on  empty  stomach;  two  to  four  hours  if 

in  bed. 
^       Castor  oil,  one  to  two  hours  on  empty  stomach. 
H        Jalap,  three  hours  or  less. 
H        Senna,  four  to  five  hours. 

H        Rhubarb  or  Phenol phthalein,  four  to  eight  hours. 
^m       Cascara  or  Aloes,  eight  to  twelve  hours. 
^P       Podophyllum,  ten  to  sixteen  hours. 

^r        Cdk  and  '"GHping"  is  proportional  to  the  severity  of  the  irritation. 

W    It  b  due  partly  lo  incrcascU  peristalsis,  partJy  lo  (iircct  irritation,  as 

evidenced  by  abdominal  Lendemess.    It  may  be  mitigated  by  belladonna 

P&nd  carmi  natives. 
Consistency  0/  the  Stools  ami  ElimhwHon  of  Fluid. — The  consistency 
varies  from  the  soft  but  formed  stools  of  the  milder  la^catives,  to  the  watery 
I         iwob  of  the  *'  hy dragogue ''  cathartics,  the  salines  and  drastics.    The  more 
npid  passage  of  the  intestinal  contents  leaves  less  time  for  the  absorption 
I         of  Said,  so  that  the  stools  always  contain  more  water.     Some  of  the 
othariics  also  prevent  the  absorption  of  fluid  by  osmosis  (salines);  or  by 
iml)ibiiion  (agar) ;  and  some  perhaps  by  inhibiting  the  absorbing  power  of 
the  epithelium   (castor  oil,  calomel).     The  fluid  in  these  cases  comes 
really  from  the  food  rather  than  from  the  body.    Even  large  doses  of  the 
uiliraren  cathartics  (senna,  cascara,  etc.)  do  not  increa.se  the  secretion  of 
iatestinal   fluid   (Thirj-,   Brieger,  Flemming).    On  the  other  hand,  the 
inilant  cathartics  (colocynth,  jalap,  etc.)  actually  produce  cflFusion  into 
the  smalt  intestine.     The  practical  results,  as  concerns  the  water  supply 
cf  ihe  tissues,  is  the  same  in  either  case;  whether  these  are  deprived  of 
I        laid  by  effusion  or  by  non -absorption. 

Efecis  on  the  I^cai  Circulation. — .All  catharsis  must  be  accompanied 
bv  *ome  h\*pcremia,  were  it  only  by  the  increased  intestinal  movement. 
Tie  irritant  cathartics  produce  a  more  violent  intestinal  congestion,  which 
Qlcods  also  to  the  peUnc  organs,  and  thus  increases  the  menstrual  flow. 

The  Systemic  CiVcM/a/wn.— This  is  affected  indirectly  by  the  splanch- 
nic dilation;  and  by  tlic  withdrawal  uf  fluid  from  the  blood.  Both 
factors  tend  to  lower  the  blood  pressure  moderately.  The  heart  rate  is 
siowcd  rcflcxiy. 

'  C  H.  Ndbon  and  Hvlond,  1913,  made  a  cliniad  study  of  these  effects  after  full  doMi 
cf  aJu  and  i;orafiouDd  jalap  powder.  Tbe  latter  gave  somcwh&t  greater  mutts. 
The  avrra^  decrcuc  of  the  9>-^lo)ic  pressure  was  17  per  cent.;  uf  tbe  diastolic  pressure, 
tpet  cent.;  of  the  pulse  pr^s.-^urv,  J4  ptr  cenl.;  of  ihc  hrart  rate,  14  per  ccul.  The 
CDMUtioD4  generally  returned  to  almost  normal  within  a  day.  Individual  cases,  es- 
pedmlly  «J  artcrioKlcro&is.  b'avc  much  greater  falls  (from  180  to  100  mm.),  wmclimes 
wifefa  tBC  oppearancT  uf  urythmias  and  incrrii^ed  heart  rale. 

IwiiietKe  on  Dropsies. — Cathartics  favor  the  absorption  of  dropsies 

^by  carr>*ing  oBf  liquid  from  the  body;  in  ascites,  the  emptying  of  the  intes- 

ako  removes  some  of  the  pressure  from  the  veins,  and  thus  tends 

10  tbe  removal  of  the  edema  by  improving  the  general  circulation  and 

urine  flow. 

Elimination  oj  Waxtc  Products. — Cathartics  are  employed  in  neph- 
rilift  to  relieve  the  kidnev-s  of  a  part  of  their  work,  by  eliminating  fluid, 
and  presumably  some  of  the  metabolic  products,  through  the  stools. 
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t/ric  Acid. — Abl.  1913,  clium«<l  tiiut  cathartics  increase  the  elimination  of  tradogen- 
UU9  uric  acid,  Stchk.  1915.  founii  no  change  with  laxativYS,  but  only  with  drugs  that 
stimulate  the  digestive  glands. 

Effects  of  Cathartics  on  Bile;  Choia^ogttes. — The  slools,  with  moderate 
catharsis,  have  usually  a  darker  color,  suggestinR  an  increased  bile  content. 
This  is  not  due  to  increased  secretion  of  bile,  as  was  supposed  by  the  older 
therapeutists;  but  to  the  more  rapid  passage  of  the  intestines,  leaving  less 
time  for  the  reabsorption  and  decomposition  of  the  bile.  The  dark  color 
of  calomel  stools  is  due  partly  to  mercurous  sulpbid.  The  only  rcaliy 
effective  stimulant  of  bile  formation  is  the  administration  of  bile  or  bile 
salts;  salicylates  (5  Gm.  per  day)  and  olive  oil  are  perhaps  also  very  slightly 
effective. 

Experimental  Investigations  of  Cbolagogues.—The  older  expenmenu  on  animals 
wilh  biliary  ^l^tuIll^,  g»vL-  contradictory  resuiln;,  brcau»e  iht-y  did  not  extend  ov^ 
suHident  time  to  discount  the  natural  variations  in  bile  flow.  Reliable  experiments  on 
a  human  patient  were  made  by  Plaff  und  Bnlch,  iSy?;  Van  Hcn^I,  1913;  and  Ifsnatowski 
and  ATono^ohn,  1914.  The  last-named  found  Ihe  bile  secretion  increased  by  feeding 
animal  protein,  and  especially  fat.  Sodium  salicylate  was  less  effective,  and  bile-acids 
least.  Weinberg,  iQii.  experimcnti^d  in  Pawlow's  laboratory'  nith  dof;s  providcti 
with  gastric  and  biliary*  ft^tulas.  He  found  the  order  of  cthcicncy  to  be:  bile>soap> 
BlbumoM:>liydnjchlionc  actd>olive  oil.  N'o  effect  was  obtain^  with  glycerin,  egg 
albumen,  saccharose,  de.ttrose.  water,  normal  saline  or  sodium  carbonate.  Okada, 
igtc,  found  marked  increai^e  with  suHcytale,  chloral,  s'lIoI,  potas.  bitart.,  bile  salts. 
adtu,  and  large  doses  of  alcohol.  A  slight  diminution  was  caused  by  atropin;  no 
effect  by  tabmel  or  sod.  bicarb.  Food  increa&ed  the  secretion,  but  the  nature  of  the  diet 
was  generally  unimporuuit;  fats,  egg  white,  a]burQa$c  and  meat  extracts  produced 
some  increase;  starch  and  sugar  were  indifferent.  Volborth,  rgi5,  reports  diminished 
filling  of  the  gallhladdrr  after  milk  or  oil;  increased  filling  after  acid  or  bile. 

Emamiion  of  GaU-blddsirr. —KUc  and  Knucpfel,  1914.  found  thai  this  is  ^titnutiled, 
in  animals,  by  eating,  entrance  of  the  chyme  into  the  intestine,  injection  of  Witte's 
peptone;  and  especially  by  the  adminisiralion  of  olive  oil.  No  effect  was  produced  by 
soap  or  hydrochloric  acid.     Weinberg,  igii.  also  obscr\-cd  this  effect  of  ou. 

Auititumiie  Driies  en  Coil-bliidder. — Lieb  and  McWborter,  1915,  found  thai  the 
muscles  of  the  gall-bladder  receive  augmentnr  impulses  from  the  paras vmpathelic. 
inhibitory  from  the  uympalhetic.  The  aulooomir  drugs  act  oorrespondinfjly  Pile- 
carpin,  bitrium  and  atropnanthin  stimulate;  atropio.  cpinephrin,  nitrites  and  bilesaJtA 
relax.  The  rhythmic  movemenlt  are  increased  during  digestion  .or  on  the  introduction 
of  acid  inlo  thi-  ilundi-num  fOkada,  1415). 

Sphincter  aj  Hiliary  P<i pitta. ^ Reach.  1914,  slates  that  the  tone  of  tliis  i»  increased, 
and  the  bile  flow  correspondingly  hindered,  by  morphia,  epi&ephrin,  pilocarpin  and 
atropin. 

Therapeutic  Indications. — Cathartics  are  used  chielly  for  tlic  following 
indications: 

To  relieve  constipation — ^cascara,  rhubarb,  phenol phthalein,  small 
doses  of  salts. 

To  soften  the  stools,  in  hemorrhoidal  and  other  rectal  diseases;  and  to 
prevent  straining  in  aneurism,  hernia,  and  apoplexy — petrolatum,  cascara, 
podophyllum,  sulphur. 

To  cleanse  Lhc  intestines  in  digestive  disturbances,  diarrheas  and  other 
intestinal  putrefactions^alomel,  castor  oil,  rhubarb,  cascara,  aloes. 

To  facilitate  the  absorption  of  dropsies;  to  relieve  the  kidneys  in 
nephritis;  to  lower  the  temperature  iii  fevers;  to  relieve  internal  conges- 
tions, especially  of  the  brain — calomel,  large  doses  of  sallaes,  compound 
jalap  powder;  in  emergencies,  croton  oil  or  elaterin. 

Cathartics  arc  perhaps  the  most  ancient  method  of  internal  medication,  and  were 
for  a  long  time  practically  the  only  method.  Even  the  Greeks  u.sed  the  Munc  word, 
0apjtMutjc,  both  for  internal  medication  in  general  and  for  the  use  of  cmtfa&Ttics  in 
particular.    The  present  English  word  physic  is  similarly  applied. 
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Contraindications.— All  inflammatory  conditions  of  the  abdominal 
organs  (peritonitis,  gasuocnleritis,  etc.)  preclude  the  adminisiraiion  o£ 
intestinal  irritants.  Pregnancy  and  menstruation  are  contraindications 
to  the  uae  of  the  stronger  cathartics,  since  the  hyperemia  may  lead  to 
^xirtion  or  excessive  menstrual  flow.  General  debility,  tendency  to 
odlapse,  threatened  intestinal  hemorrhage,  and  toxic  spasm  of  the  intes- 
tiiK,  are  further  contraindications.  Cathartics  should  not  be  used  in 
intestinal  obstruction  or  intussusception. 

HaintMaJ  Constipation. — In  this  condition  ("chronic  intestinal  stasis"), 
othartics  should  be  used  a5;  little  as  po^^ible;  the  condition  being  treated 
most  cflfectively  by  the  rem0v.1l  of  the  cause  and  the  cultivation  of  proper 
hygienic  and  dietetic  habits;  aided  by  the  mechanical  laxatives,  petrola- 
tam,  agar  or  enemas.  Small  doses  of  salts,  cascara  or  similar  aperients 
ntv  be  needed.    The  irritant  cathartics  should  be  avoided. 
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In  nsini  calhartics  the  rule  should  oln-a^-s  be  to  rmplay  Ike  mitdal  remedy  which  will 
nplish  the  result.  One  reason  for  this  is  that  soft,  not  liquid,  stools  are' desired; 
further,  a  "habit "  is  quite  readily  acquired  bo  that  the  Inlc^lincs  will  require  stronger 
»tioiiger  stimuli,  twd  the  usu&l  cBthartics  gradually  lo»c  their  clhcicncy.  If  the 
tnuffleat  hu  been  begun  with  mild  mcMures,  stronger  ones  .ire  left  for  later  uite  if 
•Knury.  The  habitual  use  of  very  irritant  cathartics  is  also  quite  apt  to  engender  a 
drooSc  enteritis. 

Therapeutic  Classification. — The  calhartics  may  be  classified  accord- 
Uig  to  ilitit  clinical  characters,  i.e.,  mainly  by  tlie  dc"grec  of  their  effects. 
Thii  can   not  be  done  rigidly,  because  the  effect  varies  with  the  dose; 
Mrcover,  the  names  are  dehned  somewhat  differently  by  individual 
aotbors. 
The  following  table  gives  a  useful  clinical  classification: 
I.  Laxatives  or  Aperients. — Increase  peristalsis  only  moderately,  pro- 
>mewhat  more  frequent  stools,  of  almost  normal  consistency, 
without  causing  notable  irritation.     They  are  active  in  doses  of 
or  over. 
FntUs,  Manna,  Agar,  etc.;  mechanical  means  (massage,  enemas,  etc.); 
Jtir,   Magtwsia,  Carminatives,   Bile.  Bland  (jils  {Olixv,  Cottonseed, 
turn.  etc.). 
^mall  doses  of  Cascara,  .Senna,  Castor  Oil.  Rhubarb,  and  Ipecac  are 
»lso!a.xative.) 
}.  Purgatives. — Increase  peristalsis  actively,  causing  more  frequent 
"luid  stools. 

(-0  SimpU  Purgaihes. — Active  in  doses  of  0.3  to  i  Gm.     These  cause 

■ore or  less  colic  and  irritation: 

Aloes,  Rhubarb,  Senna,  Casiara,  Pfienolphtftalctn,  Castor  Oil,  Cahntd, 
SaiU  doses  of  drastics. 

(B)  Siilitw.  PurfiatitiS. — Active  in  doses  of  about  10  Gm.     Rather  pro- 
httc,  watery  stools,  with  practically  no  irritation  or  griping: 

SiJphate  of  Magncsiitm  or  Sodium,  Sodium  Phosphate,  lllagnesiiun 
Qtntc,  Potassium  Bitartrale,  Rochellc  Salt,  etc. 

J.  Dnstics. — Produce   watery  stools,  with  much  irritation.    Large 
doles  are  apt  to  set  up  an  enteritis: 

Elaterium,   Colocynth,  Jalap,   Scammony,   Gamboge,   PodophyHum, 
CroionOil,  the  stronger  Mercurials,  and  Antimony  Sulphid. 

4.  Hydmgogties. — All  which  produce  watery  stools,  <'.«.,  the  salines  and 
flnstics- 

5.  Cholagogues. — Were  supposed  to  increase  the  bile  flow: 
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Aloes,  Rhubarb,  Mercurials,  Podophyllum,  Euonymln,  Sod.  Salicylate 
or  Phosphate,  Acid,  Nitrohydrochlor.  DUul.,  Bile. 

Phaimacologic  Classification.— The  cathartics  may  also  be  divided 
into  the  following  groups: 

1.  Those  which  act  mainly  on  the  colon  and  rectum,  inhibiting  colon 
antiperistalsis,  and  provoking  the  defecation  reflex.    This  includes  the 
drugs  containing  emodin  and  other  anthraquinon  derivatives:  Senna^^ 
Cascara,  Rhubarb,  Aloes,  and  perhaps  also  Pnenolphthalein  and  Bile,  |^| 

2.  Those  which  stimulate  ^i;  peristalsis  of  the  small  intestine  an^^ 
inhibit   the  antipmstalsis  of  the  colon,  but  without  producing  much 
irritation  or  effusion.    This  includes  Castor  Oil  and  probably  Caloi 
and  Sulphur. 

3.  Those  which,  in  addition  to  these  actions,  cause  marked  intestinal 
effusion  and  irritation.  This  comprises  Colocynth,  Jalap,  and  presumably 
the  other  drastic  resinous  cathartics,  Podophyllum,  Elaterin,  Gamboge, 
Croton  Oil,  etc. 

4.  The  saline  cathartics,  which  retain  water  by  osmosis. 

5.  The  colloid  cathartics,  which  retain  water  by  imbibition: 
Fruits,  Manna,  etc. 

6.  Emollient  cathartics,  such  as  Petrolatum  or  Olive  Oil 

7.  Enemas  and  similar  local  measures. 

THE  ANTHIlAQniNON   OR  EMODIN  CATHAHTICS 

Active  Constituents.— Senna,  Rhubarb,  Cascara.  .\loes  and  related 
drugs  contain  glucosidal  compounds  which  are  themselves  inactive.  In 
the  alkaline  intestine  they  are  hydrolyzed  or  oxidized,  >*ielding  various 
oxymethyl-anthraquinons  (Buchheim;  Tschirch  and  pupils.  1899),  whicii 
produce  the  cathartic  action.  The  pure  substances  would  be  too  irritant. 
but  their  action  is  graded  by  their  slow  liberation,  and  by  the  presence  of 
colloid  extractives,  The  most  common  of  these  substances  are  emodin 
and  rhrysophanic  acid.  Numerous  isomers  of  these  are  possible  (15  for 
emodin  alone).  The  special  characters  of  the  different  drugs  is  probably 
due  to  differences  in  these  isomers;  in  the  stability  of  their  glucosidal  com- 
bination; and  to  the  presence  of  other  associated  substances  (tannin  in 
rhubarb).  The  action  of  these  drugs  never  progresses  to  inflammalioti. 
The\'  arc  often  more  effective  when  given  in  divided  doses  (three  times 
daily),  than  when  given  in  a  single  dose. 

Emodin  is  partly  absorbed  and  is  excreted  into  the  urine  and  milk 
(laxative  effects  on  sucklings). 

TJU  structure  of  these  anthraquEnnns  is  shown  by  the  foUowing  formulas: 

CH  CH  CH  CH  CO  CH 
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EMdim  ift  probably  the  most  important  of  these  principles.  It  is  present  in  thf 
■Doum  of  o.S  lt>  I  per  cent,  in  senna;  i.tt  per  cvnt.  in  rraiiguta;  0.6  per  cent,  in  cascaro; 
olmrcent.  in  Cape  aloes;  and  1.5  percent,  in  rhubarb  ^Tschirch  and  Hiepc). 

toloiBtioa  of  Urine. — Tbe  dru]!?i  conuininf!  emodin  cotirr  Ikr.  urinr  >'eiron't»h-bn>wn 
vbrd  it  is  acid,  reddish  or  violet  when  alkaline.  Jt  may  be  advisable  to  acquaint  the 
fUical  with  this  fact. 

OU*f  drugt  wkieh  change  liu  color  of  the  uriHt  are:  Loswood  {Hcmatoxylon)  does  not 
color  tcid  urine,  but  produces  a  reddish  or  violet  color  in  alkaline  urine.  Santonin 
pm  1  5-cIIow  color  to  acid  urine,  with  a  yellow  foam ;  if  the  urine  ts  made  alkaline  it 
FW I  very  pronounced  pink.  Picric  acid  gives  rcddish-bntwn  color  in  both  acid  and 
i&AUne  anne.  The  vanotis  ceai'tar  products  give  a  brownish -black  color.  Meihytai 
Uor  imparts  a  green  color. 

Mtnoer  of  Action. — The  older  work  (Buchheim ;  Tappeiner  and  Brand!, 
1B85)  showed  that  their  action  is  mainly  on  the  large  intestine,  which  re- 
lets b>*  increased  movemcnl  also  to  intravenous  injection;  and  that  there 
ii  no  increase  of  intestinal  secretion.  The  X-ray  experiments  of  Magnus 
*Wi  senna  show  that  the  effects  consist  chiefly  in  increase  of  the  loca,! 
iHccstion  reflex,  and  inhibition  of  the  colon  ant  i  peristal  sis. 

Eatrim«nti  of  Magnus  (tQO<>). — Senna  docs  not  affect  the  course  of  the  chyme 
mmok  tiic  stomach  and  ^ma\\  intestine.  The  first  cJect  occurs  when  the  senna  reaches 
tkfnoD,  Ml  that  its  action  must  be  strictly  local.  Here  it  inhtliils  ant  (peristal  tii*.  and 
lh*iprerentj  the  concent  rat  ton  of  the  feces.  Al  the  same  lime,  it  ittarts  thedefecattoa 
nAu.  Tt  thus  leads  to  the  expulsion,  frnt  rif  the  solid  contents  already  present  in  tbe 
Mun,  and  then  of  the  more  Quid  contents  of  the  upper  colon. 
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I^^^^^Bcara  is  used  chiefly  in  habitual  constipation.  It  softens  the  stools 
without  noticeable  irritation.  The  susceptibility  is  not  lost  with  use;  on 
the  contrar>-,  the  establishment  of  regular  habits  usually  permits  it  to  be 
gradually  withdrawn.  By  its  bitter  taste,  it  acts  also  as  stomachic.  It 
may  be  given  as  the  fluidcjctract.  15  drops  three  limes  daily;  or  in  a  single 
dose,  a  half  tcaspiHXiful.  in  the  evening.  This  causes  a  single  soft  stool  in 
the  morning.  In  the  Aromatic  Fluide.xtracl,  which  is  much  more  pleasant, 
some  of  the  bitter  and  cathartic  principles  have  been  destroyed  (Wenzell 
18S6)  by  an  alkali  (magnesia).    It  may  be  given  in  twice  the  dose. 

It  hi  generally  stated  that  the  fresh  bark  U  emetic,  through  the  pref^en^'e  of  a  fer- 
meoL.  which  gradually  di^ppears  as  the  Imrk  is  aged.  R.  H.  True,  and  Klugh.  1909, 
did  not  find  any  emetic  effect  from  the  unagcd  bark. 

la  the  excised  intestine,  cascara  increa^d  the  rate,  but  lessened  the  intenaily  of  the 
Goatnctiim^  (.Flur>*,  191 1^.  The  tone  is  increased  by  smalt,  and  lowered  by  large  dote*, 
ftlao  intraven"usly  (Ott  and  Scott,  1908}. 

^\'  r.i  t*.  administered  hypoderraically  (as  with  the  proprietary  "  Peristaltin"). 

c  are  rapidly  absorbed  and  excreted  by  the  kidneys,  producing  rtnaJ 

Lauoii.  uui  Nof  catharsis  ^Chtstoni.  1914). 

C»takxx  tagrada  ("Sarred  Dark"!  wa.<i  uced  liy  the  early  Mttlers,  but  was  little 
knomi  to  the  profesfeion  till  introduced  b^  Buady.  1S77.  Johiisoo  and  Uindman,  1914, 
rrview  ita  hMlory.  composition  and  hihliography. 
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PREPARATIONS — CASCARA 

Cascara  Saerada  (Case.  Sagr.),  U.S.P.,  B.P.;  Coscara  Sagrada  (Cascafa,;  Rhamnus 
Purshiana). — The  dried  bark  of  tic  trunk  and  branches  of  ihc  shrab  Rhamnua  Pur- 
<;hianA,  storMl  at  least  one  year.  Thv  nclive  principles  arc  ■  dtscarin,  which  bacnthartin 
or  emodin  priodple^  isocmcdtn,  bitter  rt^n&,  etc.;  do  chO'^i^hiD  or  chr>-£ophantc  add 
(Jowvlt.  1904.  Tha  author  ctaim*  that  emodin  i&  not  the  main  activt  constituent). 
Dost.  I  Gm.,  15  gr..  U.B.P. 

'£jrt.  Cascar.  Sagr.,  U.S.?.;  Ext.  Case.  Sagr.  Sitx.,  B.P.— A  powdered  extiact,  i 
Gm.  repr«enllng  4  (im.  of  drug,  U.S.P.     Dusk,  o.js  fitn.,  4  gr.,  U.S.P. 

•  PM«xt.  Cascar.  Sagr.,  U.S.P.;  Jixt.  Casear.  Sagr.  Liq.,  B.P. — Dose,  i  tc.,  15  raioinu, 
U.S.P.;  a  lo  4  C.C.,  H  w  J  dram,  B.P. 

•  Fldfxi.  Casiar.  Sagr.  Arom.,  U.S.P.  (Aromatic  Cascara). — A  walrry  extract,  with 
the  bitter  principles  jMirlly  dcstroywl  by  maceration  wilb  magncMa;  i>rescr\-cd  with 
35  per  cent,  of  alcohol,  flavored  with  glycyrrhiza,  aromatics  and  saccharin.  Dote, 
a  cc,  .^o  minim*,  U.S.P. 

•  Syr.  Case.  Arom.,  B.P.^-40  per  cent,  of  Liquid  Extract,  flavored  with  orange,  do- 
naman  and  s>TUp.     Dose,  a  lo  R  cc,  H  *<i  ^  drams,  B.P, 

h'rattgula,  U.o.P.  (Buckthorn  Bark). — The  dried  bark  of  Rhamnus  Fraagula.  Dost^ 
I  Gm,.  IS  gr..  U.S.P. 

Flde.xt.  FraHgtd.,  U.S.P.— Deae,  :  cc,  15  minims. 


SENTiA 


^ 


The  effects  are  more  extensive  and  more  irritant  than  with  the  other 
drugs  of  the  group,  sn  that  it  i.s  better  suited  far  acute  than  for  chronic 
constipation.  There  is  conaiderahlc  griping,  which  may  be  corrected 
by  carminatives,  or  by  the  previous  extraction  of  the  resins  with  alcohol 
(as  in  the  Fluidex tract). 

PREPARATIONS— SENNA 

•  Senna  (Senn),  U.S.P.;  Stnna  Foiia  (Senn.  Fol.),  B,P.;  Senna,— The  dried  Icaflelt 
of  Cassia  aculifolia  or  angustifoUa.  lotroduced  by  the  Arabians.  Constituenu: 
senna ■emo{|in,  H-nna-isocmodin,  senna -chrysophanic  acid,  anil  other  anihiaquinoD 
deri\'auveA,  fruc  and  in  filucosid.aJ  combinaiion&  (Tutin,  icity,  Tambach,  igi,?).  Dosf. 
4  Gm.,  I  dram,  U.S.P.,  Hf-  catbartic;  us  laxative,  t  to  3  Gm.,  15  to  30  rr.,  infused  in  a 
cup  of  hot  water.  Many  nf  the  laxative  nostrums  {"Ciutoria,  "Fig  Syrup;"  various 
"  Teas")  owe  their  activity  mainlj-  to  senna. 

.\  preparation  fnr  h^pcidt-rmic  uw  is  marketed  as  "Sirnnaiin."  Belke,  IQ14, 
daims  good  eSTects  in  postoperative  ileus. 

Conf.  Senn,,  B.P. — 10  per  cent,  of  powdered  Senna.  Dose,  4  In  8  Gm.,  t  lo  j  dtams. 
B.P. 

Jnf.  Smn.,  B.P. — 10  per  cent.,  with  Ginger.  Dose,  15  lo  30  cc,  ><  to  i  ouncr, 
repeated;  single,  60  cc,  a  ounces.  B.P. 

/n/.  Snm  Co..  US. P.  (Black  Draught). — Average  dose,  120  c-c,  4  ounces,  U.S.P.. 
contains  about  7  Gm,  of  Senna;  15  Gm.  of  Magnes.  Sutph.,  nilh  Manna  and  FeniwL 

Ftdext.  Srnn..  U.S.P. — Dose,  2  cc,  30  minimB,  U.S.P. 

Misl.  Smn.  Co.,  B.P. — 35  percent,  of  Magncs.  Sulpb.  in  Inf.  Senn.,  with  aromaiics. 
Dose.  30  to  60  cc,  I  to  2  ounces.  B.P. 

•  Syrupus  ScHiia  (Syr.  Senn.),  U.S.P. — 35  P*f  «nt.  FU\'orcd  wixh  coriandrr 
Dose,  4  cc,  I  dram,  U.S.P. 

•  Syr.  Senn.,  B. P.— .About  40  per  cenU,  with  coriander.  Dost,  2  to  8  tc^  )i  to  a 
drams,  B.P. 

Tr.  Smn.  Co.,  B.P. — 20  per  cent.,  with  caraway  and  coriander.  Don,  s  to  4  cc, 
^  lo  I  dram,  repeated;  %ingl<-N  8  to  is  cc,  2  to  4  drams,  B.P. 

Titliii  Glycyrrhixa  Compositus  (Pulv.  Glvcyrrh.  Co.),  U.S.P,,  B.P.  (Compound 
licorice  PowderJ. — Greenish-yellow  to  grecniji-bruvtn  powder;  odor  of  fennet.  '  .Aver- 
age dose,  4  (rro.,  t  dram,  U.S.P.;  contains  about  0.7  Gm.  of  Senna,  0.3  Gm.  of  Sulphur 
and  a  little  Kennel  oil.     Dast.  4  to  8  Gm.,  i  to  2  drams,  B.P. 

Smna  Frtultts  fSern.  Fruct),  B.P.;  Senna  pods.— The  dried  ripe  fnilta  of  Cassia 
aculifolia  or  acgustiiolia. 

Cassia  Frvcius  (Cass.  Fruct.},  B.P. — The  ripe  fniiut  of  Cassia  Fistula. 
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Cduim  Fuipa  (Caaft.  PulpOi  B.P.;  CusU  Pulp. — An  tvapontted  WEtery  exiraci  of 

Ik  pnctdiog. 

RHUBARB 

Thi&  conlains  a  considerable  quantity  of  tannin  as  well  as  cathartic 
Diindples.  The  astringent  action  predominates  with  smaller  doses 
l<M>S  to  0-3  Gm.)  and  these  are  used  as  astringent  bitter  in  gastric  catarrh. 
uA  in  diarrhea.  Larjjer  doses  (i  to  5  Gm.)  are  laxative  with  little  colic. 
Tbty  may  be  employed  in  chronic  constipation,  but  the  astringent  action 
nukes  it  inferior  to  cascara.    It  may  cause  skin  eruptions. 

CcMthUMlta  (Tulin  and  Clewcr,  iqii).  The  (tilhartic  principles  arc  mninly  n 
mil,  nnn-glucosidal,  but  yielding  oo  hydrolysU  various  antliraquinnn  drrivativcs.  which 
■koerist  pitnly  free:  rhcin.  cmodin.  aloc-cmixlin.  chrysophanic  acid.  cic.  The  ftslrin- 
RDI  pnrKiplcs  are  gluiosidxl  compounds  of  tannin  (rhiK>tannic  acid),  and  gallic  acid. 
iVn  li  aiw  ■  Urgt  amount  of  calcium  oxalate. 


P&EP AK ATIONS  - RinTBARB 

Kkntm.  U.S.P.;  Rkri  Rhis.,  B.P.;  Rhubarb.  — From  Rheum  officinale  and  probably 
«te  jptxie*  growing  in  China  and  Thibet.  (The  species  uf  Rhubarb  cultivated  in  this 
MMiy  arc  dc%-oid  of  cathartic  properties.)  Rhubarb  haii  be«'n  uwd  since  antiquity 
iiCh'04,  and  by  the  Roman  pfayncians.  Dose,  i  Cm.,  15  gr.,  U.S.P.;  0.3  to  0.6  Gm!, 
3l>lo|Cr.,  repeated;  single,  i  to  2  dm.,  15  to  30  gr.,  B.P. 

Ett  Rkei.,  U.S.P..  B.P. — A  powdered  extract,  i  Gm.  representing  2  Gm.  ot  drug, 
Dip.    Dote.  O.J5  Cm.,  4  gr-  U-S.P.;  0.12  to  0.5  Cm.,  3  to  8  gr.,  B.P. 

fUm.  Rhti,  U.S.P.— Doje,  i  c.c,  15  minims,  U.S.P. 

/jf.  Rkn.  B.P. —  5  P""  «nt.    Base,  15  to  30  cc.  W  to  I  ouoce,  B.P. 

mul,  Rhti  et Sodte,  N.F. — Sod.  bicarb.,  3.5  percent. ;riuidcxt.  Rhiiharb,  i.jperccQt.; 
I'Udul.  Ipecac,  aj  per  cent.;  Sp.  Pcppcrmmt,  tiiyccrin.  ood  Walcr.    Dose,  4  c.c,  1 

4lUB. 

Hi.  RJki  C».,  U.5.P. — Each  pill  contains  0.13  Gm.  of  Rhubarb,  o.ot  Gm.  of  Aloes. 
XVtwupUb.U.S.P. 

fii.  Rkti  Co.,  B.P. — I^ll-masa  containing  35  per  cent,  of  Rhubarb,  30  per  cent,  of 
^^  14  per  cent,  of  Myrrha.     Dose,  0.35  to  0,5  Gm.,  4  to  8  gr..  B.P. 

hih.  Kkei.  Co..  U.S.P.,  B.P.— ?5  per  cent,  of  Rhubarb,  65  per  cent.  Magn.  Oxid., 
uper  ctot.  of  Ginger,  U.S.P.;  the  B.P.  formula  is  almost  the  same.  Dote,  3  Gm., 
J>P,  U.S.P-;  0.6  to  4  Gm.,  10  to  60  ^r.,  B.P. 

ojr.  Riei,  U.S.P.— 10  per  cent,  ai  Rhubarb;  t  per  cent,  of  Pot.  Corb.;  flavored  with 
QuiiBOn.     Dorr,  10  cc,  7^  drams.  U.S. P. 

Sw.  Akn,  B.P. — 7  per  cent.,  with  Coriander.     Dose,  z  to  6  cc,  H  t*>  '  drams,  B.P. 

'Syr.  Rkei  Arvmalictis  (Syr.  Rhci  Arum.),  U.S.P.;  .Voratttic  Syrup  of  Rhubaii). 
■iptrcTBLof  Tr.  Rhci  .\rora.;o.i  percent.  Pot.  Cari>.     Dose,  locc,  a  J^  drams,  U.S.P. 

Tr.  Khn.  U.S  P- — 30  per  cent.;  flavored  with  Cardamon.     Dose,  4  cc,  i  dram, 

Tturlnr*  Rhri  .Iromaika  (Tr.  Rhci  Arom.),  U.S.P. — 20  per  cent,  flavored  with 
^Bl»oo,  Clove  and  Nulmei;.     Dosf,  3  cc,  30  min.,  U.S. P. 

'Tinctmra  Rhti  Compcsitu  (Tr.  Rhci  Co.),  B.P.— 10  per  cent.;  fla\-ored  with  Carda- 
■Mud  Coriander.  Dose,  3  to  4  cc,  \^  to  1  dram,  repeated;  single,  8  to  iti  cc,  a  U> 
4  ten,  B.P. 

ALOES 

Gtoenl  Statement — The  inspissated  juice  of  the  leaves  of  various 
VCdcB  of  Alof  irom  the  West  Indies,  ,\frica,  etc.,  furnishes  the  different 
^owBercial  varieties  of  aloes,  which  differ  somewhat  in  composition  and 
Ktion.  They  contain  anthraquinon  derivatives,  especially  aloins  (10 
to  16  per  cent.).  These  are  glucosids  which  are  probably  inactive  them- 
«*•«»;  but  which  >HeW  emodin  and  other  active  anthraquinon  derivatives 
*">cfc«v»gc.  This  cleavage  occurs  in  the  intestine;  it  is  favored  by  alkalies 
unI  perhaps  also  by  bile  and  by  iron  salts.    Aloin  may  be  used  as  such, 
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but  is  generally  considered  less  satisfactorj'  than  aloes.  Aloe  is  intensely 
bitter,  so  that  it  must  be  administered  in  pills.  Very  small  doses  may  be 
used  as  stomachic.  Moderate  doses  are  simply  laxative,  but  somewhat 
apt  to  gripe,  and  are  therefore  commonly  combined  with  belladonna  or 
carminatives  (myrrh,  etc.).  They  do  not  lose  their  efficiency  on  contin- 
ued use  and  would  be  suited  to  habitual  constipation,  but  have  no 
advantage  over  cascara.  Aloes  are  believed  to  produce  considerable 
congestion  of  the  peKHc  organs  and  are  therefore  con  train  dica  ted  in 
hemorrhoids,  menstruation  and  pregnancy.  On  the  other  band,  they 
may  be  used  as  emmenagogues.  They  are  especially  valuable  for  correct 
ing  the  constipativc  action  of  iron  medication. 


trtc^^^ 


HTpodennic  Administratioa. — ALoin  is  a]«o  cflcctive  subcuinriRniwly,  being  exc 
into  Uie  Urge  intestine;  but  (his  nu-lliod  is  tuo  jMiinfuI  {H.  Mtycr.  1890). 

AloinNephritia.— In  rabbits,  hypodermic  injection  {3  c.c.  ppr  kilo^m  of  5  pcrccni., 
repeated  on  two  to  three  successive  days)  produces  a  tubular  aqjhriljs.  The  anatomic 
lesions  have  been  invcstigatwl  especiaJly  by  Milrsct  (1885);  they  arc  practically  the 
foiae  in  acute  ajid  chronic  poiiiomnR,  and  conuKt  mainly  in  drgeneration  of  the  epithe- 
lium of  the  convoluted  tubules.  This  loses  its  strialions  iind  staining  qualities,  and  the 
nuclei  disapjjcar.  The  glomerular  epithelium  is  but  slightly  altered,  a.na  the  glomerular 
vcsseLs  show  no  lesions.  The  urine  may  be  increased  or  diminished  and  contAins  pn>* 
teins,  leucocytes  casts,  cnr-atal^,  and  blootl. 

Metabolism.^There  is  aUo  an  increased  protein  metabolism,  resulting  in  rise  of 
urea  in  mammals,  of  uric  add  in  birds.    The  latter  may  therefore  develop  gout.     D' 
show  some  fever  (Berrar,  1913). 


PREPARATIONS — AtOES 


t.     D<^^J 


'Aha,  U.S. P.,  B.P.;  Aloes.— The  dried  juice  of  the  leaves  of  Aloe  species:  Aloe 
Perryi.  yielding  Socotrine  .\loes;  Aloe  vera,  >-ielding  Curacoa  Aloes;  Aloe  fcrox.  yielding 
Cape  Aloes  (Natural  history  of  the  commcrdal  alo».  Wilbcrt,  1Q03).  Aloe  was  used 
by  the  flreek^  and  probably  by  llie  Egyplians.  Brown.  ojKique,  Klassy  masses; aromatic 
odor;  nauseous  bitter  taste.  Pardy  sol,  in  water;  completely  sol.  tn  ale.  Dcie,  0.25 
Gm.,  4  gr,,  U.S. P.;  oia  to  0.3  (Jm.,  3  lo  5  gr..  B.P.;  best  as  pills. 

Dec.  Aloes  Co.,  B.P.— i  percent,  of  Ext.  Aloes,  with  M>Trh,  Aromatic*  and  Liquorice. 
Dose,  1$  to  60  ex.,  ^  to  2  ounces. 

ExI.  Ahes,  B.P. — A  powdered  walcrv  estract.  Dose,  0.06  to  o.JS  Gm.,  I  to  4  gr.. 
B.P. 

Pii.  Aloes,  U.S.P.— 0.13  Gm.,  i  ^r.  of  Aloes,  with  Soap.     Dose,  two  pOls.  U.S.P. 

Pil.  Ataej,  B.P. — 58  per  cent.,  with  Soap  and  Caraway  Oil.  Dose,  0.7$  to  05  Gm.. 
4  to8gr..  B.P. 

Pil.  Ahfj  el  Asa/ft.,  B.P. — jo  per  cent.,  each,  of  Aloes,  Asafet..  and  Soap.  Dww, 
0.7S  to  0.5  Cm.,  4  to  8  gr.,  B.P. 

{Pit.  AloAt  et  Fen.,  see  Index.) 

Pil.  Aloes  el  Myrrh..  B.P.— 44  per  cent,  of  Aloes,  i»  per  cent,  of  Myrrh.  DfU, 
o,JS  f*  0.5  Gm.,  4  to  8  gr.,  B.P. 

Tr.  Aloes,  U.S.P. — 10  per  cent-  of  Aloes,  with  Glycynhiza.  Dose,  »  C-C-,  30  minima 
U.S.P. 

*  Aioinum  (Aloin.).  U.S.P.,  B.P.;  Aloin. — A  penlosid  or  mixture  of  pentosJdfc 
obtained  from  aloes  (usually  from  Curacoa,  W.  Hills.  1008),  var>'ing  in  chemical 
composition,  physical  and  chemical  properties  according  to  the  source.  A  yellow 
□dcrocrystalline  powder,  practically  odorless,  Intensely  bitter  taste.  Sol.  in  water  and 
ale.     Dostj  0.015  Gm..  ^4  gr..  U.S.P.;  0.03  to  0.12  Cm..  M  to  3  gr..  B.P. 

pa.  Aloin.  Bdlad.  et  Stryckn.  (PH.  Laxative  Co..  U.S.P.  VUI).— Each  coniaini: 
Aloin,  13  mg.  1%  gr.);  Strychnin.  0.5  mg.  (J-f  25  gr.);  Ext.  BcItadoDO.,  8  mg.  {%  gr.>; 
Ipecac,  4  mg.  (l^a  gr.).     Dose.  Two  pills. 

Na(aioin.^^Th\%  differs  from  the  other  aJoins  in  composition,  and  b  more  difficultly 
hydrolyiurd  (H.  Meyer). 

Synlliefic  anthracen  derivathes  with  laxative  action  ha\'e  been  prepared,  but  have 
little  practical  importance  (purgalin,  anthrapurpurin  diarrlate;  exodin.  methyl  esterv 
of  diacetyl-hexaoxy-anthraquinon). 
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PHENOLPHTHALEIN 

This  is  a  mild  tasteless  purgative,  acting  probably  on  the  lar^e  intestine. 
It  is  but  littJe  absorbed  from  the  alimentary  canal,  and  is  ordinarily  non- 
loxic  even  in  large  doses.  It  may  be  used  in  habitual  constipation, 
lod  has  been  cxploite<l  under  several  proprielary  names  (purgcn,  laxans, 
rtc).  Phcnolletruchlorphibulein,  0.4  Cm.  dissolved  in  20  c.c.  of  neutral 
olrve  oil,  has  been  suggested  as  a  subcutaneous  purgative  (Abel  and 
RovDlrec,  1909;  Rownlree,  1910).  Pherwlsul phonrpluhahin  is  used  to 
tot  the  excretory  efficiency  of  the  kidneys  {Abel  and  Rownlrce,  1900; 
Rowntree  and  Geraghty,  1910;  Chesney,  Marshall  and  Rowntree.  1914). 

Action. — The  purKative  effect  nf  ihin  /.imittar  indicator  was  discovered  by  v,  VamoMy, 
iQooi.  It  ippears  to  be  connected  with  the  <]uinon  structure.  It  has  been  investigated 
afcrimenlaUy  by  v.  Vamowy,  loo^;  Tuntiirliffe,  looa;  Heig,  looS;  Abel  and  Kown- 
tne,  1Q09,  etc.;  and  clinically  by  Dornblueth,  1903,  and  many  otlicnt.  Animals  arc 
mIkt  \rU  su^crplibtf  than  man.  Ott  and  Scott,  IQO&,  found  rvidrncr  thnt  it  acts 
incAy  on  the  muscle  of  the  excised  intr*linc.  (Fleig  and  others  atuibutc  the  action 
to iaocaied  intestinal  sccrclion,  l)ut  the  evidence  is  not  satisfadory.)  Il  ac!s  also  on 
bpadtnnic  or  intravenous  administration,  reaching  the  intestine  thrauj^h  the  bile. 
Iw blood  pressure  is  scarcely  aflectcd,  even  when  large  doses  arc  irjct-tcd  into  a  vdn 
n^emiclifl'e ;  .Abd  and  Rowntree,  etc.);  the  kidneys  are  not  irrilalcd,  nor  arc  there  any 
•tlw  mtesiic  effects.  Phcnolphthalcin  itself  does  not  produce  local  irritation,  but 
IbtQJubIc  salt*  are  highly  irriiant.     It  is  not  bactericidjil  (.-\bcl  and  Row-ntree). 

ibMtptian,  Fate  and  Excretion. — Pheoolphthaletn  is  insoluble  in  acids,  but  ffivcs  a 
pilk  «)luUoa  «rilh  alkalies,  tt  )*.-i5»s  the  stomarh  unchanged.  Tt  it  partinlly  dis- 
tolwd  in  the  alkaline  intestine,  but  very  little  is  absorbed,  almost  the  entire  quantity 
(wer  85  percent.)  ap[>caring  unchaiijied  in  the  feces  fVaimresyl.  After  large  dnscs. 
tnoi  m  found  in  the  urine  (Kletg;  Elmer,  1909),  which  is  then  colored  \-iolct-red  by 
•Iblies  (Cruebler,  1906). 

After  hypodermic  administration,  it  is  cwrrtcd  by  the  urine,  feces,  ullva.  tcan, 
flc  The  excretion  i^  very  rapid,  beginning  within  fifteen  minutes  and  ending  in 
t»H*ie  to  eighteen  hours.  In  the  urine  it  exists  partly  free,  partly  conjugated.  The 
ba4)--lluid&  dissolve  it  more  rej^^iiy  than  water  (l-'Ieig).  It  is  excreted  into  the  intestine 
Mmly  by  the  bile,  and  is  to  some  exleiil  reabsortied  in  the  large  intestine  (Abel  and 
Rvtnttre).     (The  faie  of  the  phthaleina  is  also  discussed  by  Kastle,  IQ06.) 

Toxic  Effects,-  Only  a  (cw  duubt/ul  cases  are  un  record  (Holz.  1005;  Best.  1906; 
Ztbd,  iijii;  Orland,  IQ13,  etc.).  They;  pre*entrtl  phenomena  of  intesltnal  irritation, 
^y»  ending  in  recovery.  Hydrick,  1914,  claims  taat even  0.05  to  o.i?  Gm.  produce 
qiiie  constantly  a  slight  albuminuria,  la.<>ting  one  to  three  days.  On  the  other  hand, 
^TTf  kise  doMS  have  often  been  given  without  bad  effectji:  to  man,  several  grams  by 
■wb,  0,5  Cm.  subcuIaneDusIy;  to  dogs,  1.35  f  m.  per  kilogram. 

Administration. — Fhenolphthalein  may  be  taken  in  the  e^'cning,  as 
pottder,  capsules,  or  lozenges,  in  doses  of  o.i  to  0.2  Gm.,  i}-^  lo  3  gr.;  for 
t»«i-ridden  patients,  0.5  Gm.,  8  gr.;  for  children,  0.03  Gm.,  H  gr.  These 
•nailer  doses  soften  and  regulate  the  stools  lor  several  days,  with  little 
at  BO  coUc.    Large  doses  arc  hydragogue. 


PREPARATIONS — PHENOLPHTHALEIN 

* fintipktkakinum  (Pheaolphthal.),  U.S.P.,  B.P.;  Phenolphthalein  (Dihydroxy 
P'^UiatophctMKW),  {C4H4()II),CO.C*H,CO.— While  crystalline  p>iwdcr.  odorless  and 
twidewt.  Atniast  insoL  in  water,  sot.  in  ale.  (1:13)-  Dose,  0.15  Gm.,  3.4  8'''>  ^'-S.P.; 
*»Hoa.t  Gm..  a  (o  5  gr.,  B.P. 

finwUmlpiianepfiliuiUin,  N.N'.R.— The  preceding,  with  CO  replaced  by  SO,.  Dose, 
*  •*- 1»  Int  of  kidney  function  (for  details,  see  X.X.R.). 

The  administration  of  bile  or  bile  salts  tsodium  glycocholate  and  tau- 
fodwliiel  stimulates  the  secretion  uf  bile  (PfafT  and  Balch,  1S97),  increases 
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peristalsis  (Stadelmann,  18^6);  acts  as  antisq>tic  (Limbourg),  and  fadli- 
lates  the  digestion  of  fat.  They  have  been  advocated  in  obstmctivp 
jaundice  and  in  biliary  fistulas;  but  their  effects  are  not  very  pronounced. 
Added  to  enemas,  bile  is  used  as  a  laxative  against  impacted  feces  and 
against  ascaris,  but  has  little  advantage  over  soap. 

Peristal8i8.-~On  excised  small  intestines,  or  large,  bile  or  bile  salts  produce  mainly 
dcpre%»on  (Ott  and  Scott,  iqoq;  d'Errico.  igio);but  the  large  intcst{ne&  may  be  stim- 
ulated (Schuepbach,  iqio).  In  man,  evacuation  is  assured  especially  by  enemas,  but 
nls*)  by  oral  admi[ii»Irnlii>n  (CliirSMier  ami  Sin^rr,  iqio). 

Excised  Uterus. —  llile  and  bile  sails,  in  moderate  concent ratioos,  increase  the  con- 
tractions  of  the  prcKnn.nt,  not  of  the  Wrgin  uterus.  High  conccolrations  Inhibit  (Caa- 
toni,  1914). 

Toxic  Actions. — Bile  hi  non-toxic  by  mouth,  but  when  injected  into  the  drctUau'oa 
(Mcltzer  and  Snlant,  :905,  1906;  Buntins  and  Brown,  ic;ii)  U  imiduces  severe  ner\-o[H 
and  carili.ic  depre<«ton  (Brandenbun:.  1Q03;  G]ur.  1909)  and  hcmoIvMs.  It  h  alM 
directly  toxic  to  muscle  and  nerve.  J.  H.  King  and  II.  .\.  Stewart  claim  that  the  pig- 
ments are  mainly  responsible  for  tlic  circu!ntor>' effects.  However,  bile-acids  are  hishly 
loric.  Small  doses  stimulate  the  vagus  center;  larger  doses  depress  the  heart  dirccUy, 
with  slow  irregular  pulse  and  low  IjUjikI  jirrssure.  They  also  produce  depresMon  of  the 
mcdullar\'  centers,  coma  and  paralysis;  and  hcmoI>"Bis  and  cell  destruction. 

Bile  ^ts  ia  Gonorrhea. — Locblein,  1909,  introduced  the  local  injection  of  bile 
salts  in  the  itciite  sta);e  for  iFestrojang  the  gonococci.  V.  Uofmann,  i9r3,  found  (hat  e 
to  2  per  cent,  had  little  effect;  5  to  10  per  cent.  Rave  better  but  only  temporarj-  rcsultt- 
These  were  improved  by  following  with  silver  injections,  or  by  using  a  soluble  sih-er- 
bile  acid  compound. 

FRKPAIIATIONS — ^BILE 

Pti  Boris,  II.S.P.;  Oxgall.— The  fresh  bilo  of  Bos  taurus. 

Ffi  Bovi»um  Purificalam  (Fel  Bov.  I'ur.),  B.P.;  Purified  Ox  Bile. — An  evaporated 
alcoholic  extract.     Dosr,  0.3  to  1  Cm.,  5  to  is  gr.,  B.P.;  as  enema,  1:50. 

•  Exlr^ctum  Fellij  Bvris  (Exl.  Frl.  Bov.)  U.S.P.;  Extract  of  Oxgall  (Purified  Oxgall). 
— An  alcoliolic  extract  of  bile,  evaporated  and  mixed  with  starch;  i  Gm.  representing 
8  Gm.  of  Oxgall.  Very  bitttr  yellow  powder.  Dose,  0.1  Cm.,  1 1^  gr.,  CS.I'.,  in  pills 
Of  formaldehyd-hardrnfd  capsutcs.  Asenaraa3%. 

BiUSails,  .N.N.K.^Thc  various  commercial  (^reparations  arc  used  as  pills,  geaenlly 
0.05  to  0.5  Gm.,  1^  to  t  gr.;  or  better  as  suppositories,  in  the  same  doM^. 


CASTOR  on. 


This  consists  mainly  of  the  triglycerid  of  an  unsaturated  fatly  acid, 
Ricinoleic  acid.  The  neutral  faf  is  not  active,  but  becomes  so  when  it  is 
saponified  in  the  intestine.  The  cathartic  effect  is  due  mainly  to  motor 
stimulation  of  the  small  intestine.  The  intestinal  secretion  is  not  in- 
creased, the  fluid  character  of  the  stools  being  due  to  the  quicker  passage 
of  the  feces. 

With  the  usual  dose,  ^^  to  t  ounce,  the  response  is  certain  and  complete, 
resulting  in  a  few  hours  in  one  or  two  extensive  semifluid  stools,  with  but 
little  hyperemia  or  irritation,  there  being  little  or  no  colic.  The  evacua- 
tion is  so  complete  that  there  may  be  some  after-constipation.  It  is  es- 
pecially suited  to  the  treatment  of  acute  constipation  or  acute  diarrhea 
from  dietetic  errors,  ptomain  and  other  poisoning,  etc.  It  is  less  useful 
for  continuous  use,  since  this  may  produce  gastric  disturbance.  There  is 
some  pelvic  congestion,  so  that  it  is  avoided  during  menstruation  and 
pregnancy. 

Mechaoism  of  Action. — This  has  been  studied  with  x-ray  by  Magnus,  190A,  and  fais 
observations  have  been  confirmeil  on  man.  The  pure  oil  delays  sughtly  the  passafe 
throtifh  the  tlcmack  (as  do  other  neutral  oiLi).  Kanrid  oil  hastens  the  gastric  cxptilftion. 
In  the  tma//  inustine,  the  segmenting  movements  and  peristalsis  are  greatly  itKreaaeit, 
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tt  UiAt  the  eznuluon  may  be  completed  in  twn  haun  instead  of  the  normal  eight  hours. 
ta  Ubc  c«toh  tnt  aormol  uitipeostalsis  is  alUycd,  so  that  the  feces  esc&pe  conccDtration. 
TW  propulsive  movements  o{  the  colon  arc  not  much  iucreascd.  but  the  pH&»age  of  the 
Uai  mmtaial  is  hasteaed  by  its  thinner  coaststcncy. 

Is  Chin*  it  ts  used  as  an  article  of  diet.  The  properties  of  Castor  Oil  were  known 
UtflcrcKtulufi;  but  Croton  Seeds  were  nrstdcscribeil  in  tnc  middle  of  the  sixteenth  century. 

Adninwtntkm.— It  is  best  given  on  on  empty  stomach  an  hour  before  breakfast. 
The  taste  nuiy  be  somewhat  disguised  by  wettini^  the  mouth  nith  hot  cofTec  or  milk. 
ud  giving  the  oil  ilnating  in  thc^  liquids,  so  that  it  will  not  b«  ^o  adherent.  The 
alkHasCe  may  be  mitisfatcd  by  peppermint  or  bread.  It  is  sometimes  preferred  in 
nwWmi;  X.F.,  ji  per  cent.;  R.P.  (Mintura),  40  per  cent  ,  Havorctl  H-ith  orange  flower 
■rithnamQa.  The  soft  nflaiin  ca^sutfs  arc  the  only  tat^tcless  method;  but  since  the 
•oiiKry  size  contains  only  1  c.c,  it  is  difficult  to  administer  an  cflcctivc  dox.  (For 
ctkiBethods,  sec  J.A.MA..  60:1174.) 


PRKPARATIONS — CASTUK  OIL 

*0(dM  Ajfiitt  (01.  RtdlL),  U.  S.  p.;  Castor  OIL^A  lixed  oil  expre&scd  from  tlie 
taiti  Ridnus  communb.  .\Ji  almost  colorless  viscid  oil,  of  faint  but  characteristic 
dNud  taste,  extremely  dis.-un'ecable  to  muny  persons.  .Sol.  in  an  ciunl  volume  of 
lit  Dnt.  IS  cc.  4  drams.  U'.S.F.;  4  to  30  c.c,  t  to  S  drams,  B.P.;  for  infaats,  a 
bHUOofol.     Also  used  as  hair  tome,  diluted  with  1  to  lO  vol.  of  alcohol. 

kul.OI.  Ricin,  B.P. — .\  37.5  per  cenL  emulsioiL  Dase,  30  to  60  cc.,  i  to  a 
4aat,B.P 

RICIM 

Ocofrcace,  CUnical  Symptoms  aod  Treatment. — This  toxin  is  contained  in  the 
anwseeds,  but  doc>  not  pass  into  the  oil.  Similar  phyto-toxins  occur  in  crotoo  seeds 
(QMinJ;  and  in  je<|uirity  seeds  <.\hrinj;  in  the  b.irk  of  the  locust  tree,  Robinia  pseud- 
Mibt  (Robing;  and  in  the  Ktds  of  some  Ic^mlnous  plants  (Phaun).  The  last  is 
bttttaaly  laiic  (Review  of  Lileniturc,  Ford.  igi3).  ihc  ricin  is  responsible  for  the 
toik  eflects  on  eating  the  castor  seeds;  five  or  six  of  these  arc  fatal  toachild.twcniy  to 
•duttit;  three  or  four  seeds  may  cause  violent  gastroenteritis,  with  nausea,  headache. 
pnddeDl  vomitiog.  colic,  sometimes  bloody  dlarrbea.  thirst,  emaciation,  and  ^rcat 
wK^.  The  symptoms  usually  do  not  set  in  until  after  several  days.  More  severe 
tBUdcilions  cause  small  frequent  nuLic,  cold  sweat,  icterus,  und  convulsions.  Death 
•cewn  In  sit  to  right  days,  from  trie  canvitlsions  nr  from  exhauslion.  The  fatality  is 
>km  iS  per  ceoL  This  small  fatality  is  due  to  the  destruction  of  the  poison  in  the 
•laintary  canal.  The  trralHutt!  would  he  rvacuant  and  symptomatic.  Three  to 
Mb  ihjrs  are  required  to  complete  recover^'  (Critical  Re\-icw  ana  Bibliography,  Ford, 

iSwtt  on  Animal  a. — The  actions  can  be  best  studied  on  rabbits,  by  hj-podermk  or 
IttiiKiKKia  injectinn'-.  lii-en  with  the  latter,  tlicre  is  an  incubation  [leriod  of  at  least 
tXihe  to  eighteen  hours  before  symptoms  appear.  These  correspond  to  those  de- 
Kiftd  lor  man.  The>  are  p.»rtly  Icxiil— yastruentcritb;  and  partly  central— parat>'si» 
^  tkc  respiratory  and  vasomotor  centers.  The  local  inHanimjiiion  alM)  occurs  on 
otiitf  mucous  membranes  to  which  the  poison  may  be  applied,  especially  the  conjunctiva, 

The  iia£tf/»ty  tiodini^  arc  very  characteristic.  They  consist  in  swclUnR  and  reddenirjg 
Kf  Pr)Tr's  Patches  and  mesenteric  lymph  glands,  internal  hcmorrhnncs  and  diJIuse  nepfa- 
mil.  Cruz,  Fleuver,  ^fuelle^  and  others  have  shown  that  thi-se  lesions  are  not  due  to 
ttmabaus,  but  to  direct  action  on  the  tissuco.    The  site  of  the  injection  ii  boggy. 

PfOp  have  a  much  higher  resistance  than  mammals;  but  this  is  weakeneoDy 
^Bt  ttRpcratUfc.      The  phytoloxins  have  no  direct  effect  on  muscle  or  nenx. 

Actioooo  Blood. — In  zUro,  ricin  hemolyses  and  agglutinates  the  corpuscles  of  nearly 
ul  nnn-bloodeil  aiumals  (Stillmark.  iHSti).  The  a^glutinalion  docs  not  seem  to  occur 
i>  tht  body,  but  is  of  great  importance  as  an  immunity  phenomenon.  Leucocj'tes, 
■plheGal  lod  other  cdb  fcKccpt  those  with  thick  membranes,  as  yeast)  are  also  a^- 
pnlntledi  **  likewise  the  stroma  of  laked  corpuscles  (Klfstrund).  The  presence  ol 
■■HM  IdadeTs  the  effect. 

TlitaCKlutination  has  been  referred  to  precipitation  of  the  nuctcoalburains  (Stassano) 
*<»llTpn)tdiu,  such  as  those  of  serum  (Krau<i,  1903).  .\11  kind.i  of  colloid  precipitates 
Onydowa  ricin.  ami  it  is  adsorbed  by  solid  proteins  and  lipoids. 
^  Wbw  of  ftidn. — This  appears  to  he  a  true  protein;  lor  a  preparation  of  ricin  has 
"na  fl6taiaed.  which  b  a  t>-piaU  albumin,  and  which  b  »>  active  that  o.oooj  mg.  is 
^**i  to  a  kitogram  of  nbbit;  u.,  i  part  of  the  ricin  b  fatal  to  1,000,000  parts  of  rabbit; 
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the  fatal  dose  for  man  would  therelore  be  about  0.035  nig.,  or  1/3,000  grain  (Osborne, 
Mendfl  and  Harris,  ivosi  Osborne,  1909}.  Tlic  a^lutiDating  actioo  ia  also  very 
powerful. 

The  attempt  is  also  bving  made  to  Bcpaiatc  the  a^gluUiiui  (which  is  adsorbed  by 
hiood  corpuscles)  from  the  cytoloxin,  which  is  destroyed  by  peptic  digestion.  Jacoby, 
1903,  believes  that  they  have  certain  groups  in  common. 

Antirictn. — Injnrtiun:^  of  the  phyloloxins  proHuct-  Typical  aiititozins,  so  that  an 
immunized  animal  can  survive  5,000  ordinnrv  fatal  doses  of  ricin.  Some  of  the  base 
wurk  of  Klirlk-h  was  done  with  ricJn  nnd  abnii.  He  showed  (i8(>t)  Umt  the  immunity 
'itari'i  in  five  to  six  day«,  and  la^ls  six  or  seven  months.  The  re^i^Lance  of  the  corpu-scles 
is  unchanged,  the  antiricin  being  contained  in  tJie  pscudoglobulin  fraction  of  the  serum 
(Jacoby,  igoz).  It  contains  antitoxin,  antiaRglutinin  (probably  identical)  and  prcrtpj- 
lin.  Madsac  and  Walbum  found  that  this  combinal Jon  ohitys  the  »ttne  lan-s  as  di{Mitheria 
antitoxia.    The  toxicity  of  ricin  n  modified  rather  complexly  by  ledthin  (Lawrow,  1913). 


ABRm  AND  JEQUnUTY 


Abrin,  a  toxolbumin  from  Jequirity  bean  (abrus  precatorius),  resembles  ridn  « 
closely  in  its  action  that  Ihr  difference  was  estahliRhed  only  when  it  was  noticed  that 
immunity  aKainsc  one  did  not  constitute  immunity  against  the  other.  Hausraann, 
1901,  has  studied  it  by  the  methods  of  Jacoby.  The  literature  wa«  reviewed  by  Ford, 
lOM- 

Poisoning. — When  the  whole  beans  are  swallowed,  no  toxic  eflects  result,  .since  the 
phrll  is  so  h.ird  that  the  poi^un  does  not  dissolve.  Uut  if  the  powder  is  taken,  it  pro- 
duces effects  simitar  to  ricin.  Its  taxicity  is  greatly  increased  by  beating  the  animals 
(Lesnc  and  Dieyfuj,,  lOi.^)- 

Use  in  Ophthalmolc^.~Thc  action  on  the  eye  is  much  stronger  than  with  ricio, 
prcxlucing  uphlliAlmJU^.  Thi^  hns  been  u.sed  therapeutically  (Weeker,  1883),  to  clear 
corneal  opacities.  This  is  dangerous,  unless  standardized  preparations  are  used,  and 
excessive  effects  cbifki-d  bv  am  antiserum. 
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General  Statement. — Jalap,  Colocynlh,  Podophyllum,  Elalerin  and 
similar  drugs  contain  active  principles  wbich  are  for  the  most  part  resinooA 
{i.e.,  soluble  in  alcohol,  but  slightly  .soluble  in  water),  often  glucAsids; 
on  cheniic  manipulation  (probably  hydration)  these  yield  resinous  acids. 
The  lattpr  are  much  less  active. 

The  effects  of  these  resins  are  highly  irritant,  producing  considerable 
colic  (sometimes  vomiting),  and  several  watery  stools,  in  one  or  two 
hours  with  jalap  and  most  of  the  others;  but  with  podophyllum  only  after 
twelve  to  twenty-four  hours.  They  are  used  espt:cial!y  in  dropsies 
(Compound  Jalap  Powder);  small  doses  of  podophyllum  also  as  laxative 
in  habitual  constipation.  The  others  tend  ultimately  to  produce  con- 
stipation. Colocynth,  and  presumably  the  others,  stimulate  peristalsis 
in  the  small  Intestine,  inhibit  antipcristalsis  in  the  colon,  and  lead  to 
the  effusion  of  fluid  from  the  whole  intestinal  canal. 

The  resins  require  the  presence  of  bile,  presumably  to  secure  their 
solution.  They  arc  therefore  inactive  in  obstructive  jaundice.  They 
produce  griping,  and  are  therefore  often  prescribed  with  bclladonoa 
and  aromatics.  If  they  are  not  removed  by  catharsis,  they  may  produce 
severe  enteritis. 


le  princiulcs  nrc  itjj/  tJi  rjfrclivr  inAm  ^ktw  purr  as  when  tiu-y  arc  mixed  with  iome 
:tivc,  asm  the  crude  drugs  and  "resins"  (alcoholic  cxtracu  precipitated  by  water). 


Tiu 
cxtr3Cti^ 

or  a.s  preparations  of  tlie  crude  drui^.     This  is  due,  in  some  cases,  to  their  being  some- 
what soluble,  and  therefore  absorbed  in  the  stomach. 

Subcutaneous  Adniinistnitioa.— Tliis  produces  diarrhea  with  podophyllin  and 
coloc>'nthin,  but  is  not  av.^iUbk  because  it  also  produces  nephritis  loc^  irritation  and 
abscesses. 


L 


VEGETABLE    CATHARTICS 


175 


Mechanism  of  Action. — Thi^  hu  been  studied  on  colocynlh  by  Ihe  X-tay  method 
b}  [^tbcrg,  1909,  UDder  Magnus.  Similar  obsen-alions  have  been  made  nttb  jaUn 
oonan:  Uie  gaslhc  muvciiii:nt>  may  Ll-  >ligli[|y  iiicrt.-u>>cd  but  ul'tcn  remain  normal. 
Il  tht  tmaU  itUesttHe  the  ncrUlaJM^  i^i  ^o  mudi  ({uickeoi-d  thai  the  contents  may  be 
d^deteiy  cxpcUed  in  ball  an  hour  in.stcad  of  the  normal  eight  hours.  This  is  ac- 
oa^aaieil  by  the  etTuaion  of  cun^idcrablc  fluid  into  the  lumen.  In  the  large  inlfstlnt 
tb  ptoftuUion  U  only  ^if^htly  incrcaseii;  but  the  stooU  arc  rendcrnl  still  more  liquid 
bjrtlieinfaibttiaDol'iiDlipcristatMii,  and  by  the  accretion  of  additional  mucus.  Padtbcrg, 
l^n,  found  that  the  colocynth  peristalsis  and  etTusion  arc  arrested  by  morpbin  and 
cpam,  iJtiHiugh  these  do  not  ordinarily  act  directly  on  the  intestine,  but  on  the  stomach. 

JALAP 

This  is  perhaps  ihc  mildest  member  of  the  group.  It  produces  watery 
slooU  within  tiirec  or  four  hours,  with  Httle  intestinal  irritation,  without 
pslric  disturbance  or  much  prostration.  It  has  little  taste  and  is 
Iberefore  easily  administered.  It  is  used  in  ascites,  cerebral  congestion, 
kyperiension;  and  as  adjuvant  to  anthelmintics.  Scammony  is  closely 
retted  to  jalap. 

Cwitttiients. — These  have  been  studied  by  Power  Brwl  Rogrrson,  igog  and  191*. 
Tlic  ''miM"  is  a  complex  substance,  which  can  be  separated  by  solvents  into  several 
I'f^il  portions:  jalapin  (convotvulin,  jalapurgin)  and  Scammonin  (orizabin). 

PREPARATION  S^JALAT  GROUP 

.  .  U.S.P.,  B.P.;  Jalap. — The  dried  tuberous  root  of  Exogonium  purga.  At 
few  :  per  cent,  of  resin,  U.S-P.;  10  {>cf  Lent.,  B.P.  Dose,  i  Gm..  15  gr.,  U.S.P.;  0.3 
toi.i  Urn.,  5  to  20  RT.,  B.P. 

•Mm  Jala/Nf  Cam^jUus  (Putv.  Jalap.  Co.),  U.S. P.,  B.P.,  Compound  Jalap 
ftwlff.— I  part  of  Jatap,  i  parts  Pot-  Bitart,  (flavored  with  Ginger.  B.P.).  Dose, 
s  (j<B>  jogr.,  U.S.P.;  0.0  to  4  (im.,  10  to  60  gr.,  B.P.,  stirred  into  n'ater. 

Tt.  Jtiiaf.,  B.P. — ^1.5  per  cent,  of  resin.     Dcst,  2  to  4  c.c,  tj  to  i  dram,  B.P. 

Tr.Jatof.  Co.,  B.P. — ^  per  cent,  of  Jalan,  1.5  per  cent.  Scammon.  Res.,  i  per  cent. 
Tvprth.   0»if,  3  to  4  cc,  \i  to  I  dram,  !>.P. 

Koia4  Jiiiaptr  (Res.  Jalap.),  U.S-P.;  Jalap.  Res.,  B.P. — Prepared  by  precipitating 
UtlcaholJc  extract  of  Jalap  with  water.  Dost,  0.125  Cm..  2  gr.,  U.S.P.-,  0.13  to  0.3 
Ca.t ;  tn  5  i;r..  B.P.     Maximum  dow,  t  Gm.,  15  gr. 

SummMHii  Radtji  (Scam.  Kad.),  L'.S.P.;  S<ammon.  Rod..  U.P.;  Scammony  Root. — 
TWdfirdroolof  Con  vol  vulusScommonia.  yielding  not  less  than  Jtj^  of  resins.  Used  by 
tiKudeats.  The  roni^tituent^  are  similar  to  J.ilap.  They  have  been  investigated  by 
PMcr  and  Roger-son,  1913.     Z>oj<-.  0.;$  Cm.,  4  gr.,  U.S.P. 

/■A.  Scammon.  Co.,  B.P. — Scatnmon.  Re&.,  54;  Jalap.,  js;  Ginger,  15.  Dost, 
^to  i.i  Gm..  10  to  20  Rr..~  B.P. 

ia.Siamm.,  U.S.P..  Scammon.  Res.,  B.P. — Prepared  by  precipitating  an  alcoholic 
■ttttnfi  irilh  water.     Doic,  0.3  Gia.,  j  gr.,  U.S.P.;  0,^5  to  0.6  Gm..  4  tu  8  gr.,  B.P. 

tftmuM  Rttiix  (Tponi.  Rad.),  B.P,;  Oriaaba  Jalap  Root  (Mexican  Scammony 
BaMl.— The  dried  root  of  Ipomour  orizabensis. 

Uo^Nd,  B.P.  (PhartMtis  Seeds). — The  dried  seeds  a(  Ipomusa  hederacea.  Date, 
)IOiCm.,3ot0  45gr..  B.P. 

f<i(>.  Kalad.  Co.,  B.P.— Similar  to  Pulv.  Jalap.  Co.     Dote,  0.6  to  4  Gm.,  10  to  60 

Tt.  KMd.,  B.P. — 3o  per  cent.    Dose,  2  to  4  cc,  )^  to  i  dnun,  B.P. 
laial.  Res.,  B.P.—Do^'-.  o.ii  to  0.5  Gra.,  2  to  8  gr.,  B.P. 

Twrfokmm,  H.P.;  Turpeth. — The  dried  root  and  stem  of  Ipomuca  Turpcthum. 
^  AJ  to  I.  J  Cm.,  5  to  20  gr.,  B.P. 


RESIR  OF  PODOPHYLLUM 


Thii  acts  very  slowly,  generally  only  after  twelve  to  twenty-four  hours 
W  longer,  producing  several  soft  stools.  Larger  doses  (20  mg.,  |^  gr.  or 
■otr)  act  as  a  hydragogue  cathartic;  but  it  is  chiefly  employed  in  small 
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doses  (5  to  10  mg.,  Vi  o  to  V^  gr.)  as  a  laxative  in  chronic  constipation,  often 
combined  with  aloes  or  calomel.    0.3  to  0.5  Gm.  has  been  fatal. 


PREPARATIONS — PODOPHYLUm 

Padepbyllum,  U.S.P.,  Padapk.  Ritiz.,  B.P.;  Podophyllum  (Mandnikc,  May  Ai . 
Root). — The  dried  rhuotne  and  rools  of  Podophyllum  p^-ltatiim  (>'ieldina  not  less  ihMi 
,{  per  cent,  of  resin,  U.S.PJ.  Active  constituents,  rcsia  ind  a  ciystuline  principle, 
podophy'lo toxin.     Podophyllun]  was  used  bv  the  Indians. 

FUext.  Podoph..  U.S.P.— iywe,  0.5  cc,  S  minims,  U.S.P. 

Tr.  Podofih.,  B.P. — 3.65  per  cent,  of  resin.     Pwf.  0.3  to  1  cc,  s  to  15  mimms,  B.P- 

■  Rcsina  PodvphyUi  (Res.  Pixloph.),  U.S.?.;  Podoph.  Res.,  B.P.;  Resin  of  Podophyl- 
lum (Podophyllin). — Prepared  by  prrripitaling  an  alwiholic  cjclract  of  Podophyllum 
with  acidulated  water.  Amorphous  greenish -ycUow  powder,  of  sJight  peculiar  odor  and 
faintly  bitter  taste.  Very  irritating  lo  mucous  membranes,  e&peciiilly  of  the  e)^*. 
Sol  in  ale.  A  very  similar  resin  is  prepared  from  the  East  Indian  species  P.  Kmodi 
(literature.  Scoville,  n>og).  Dosr.  lo  mg.,  .4  gr.,  U.S.P.;  i6  to  60  mg.,  H  lo  1  gt,,  BP.; 
as  pilL.     Maximum  do5e,  o.i  Gm.,  i\^  gr. 

Podoph.  fad.  Rhh.,  B.P.^Thc  dned  rhizome  and  rooU  of  PodophyDum  Eroodt. 
Corresponds  practically  to  Podophvllum.abo  in  thcstrcn^h  andduseofiupreparatiooi. 

Tr.  Podoph.  /«d..  B.P. 
.  Podoph.  Ind.  Res.,  B.P. 

StUlingU,  U.S.P.  (Quccn'.s  Root). — The  dried  roots  of  Stillingiasylvolica.     Cont 
pungent  resin  and  volatile  oil.     Used  mainly  in  domestic  mcdidnc  in  purgative  mlzturts, 
also  as  nauscant  and  emetic.     Dose,  2  Gm..  .lo  nr..  U.S.P. 

Fldexl.  StiUinj;.,  U.S.P. — Dose,  2  c.c,  jo  minims,  U.S.P. 

Leptandra  (Culver's  Root).— The  rhizome  and  roots  of  Veronica  Virginica.  Con- 
Uins  an  amorphou<i  bitter  principle,  and  not  a  crystalline  gluccsid,  as  formerly  retorted 
(Power  and  Kogenon.  1910).  "LL^ptandrin"  is  a  reainoid.  The  prcj^aratiotu  ore 
pliarmacologicatly  inert,  but  were  supposed  to  be  cholagogue  without  producing  intd- 
Unal  irritation.     Dose,  i  Om.,  15  gr. 

Juglans  (Butternut).— Tbe  root  buk  of  Juglans  ciocrea,  collected  in  autumn. 
Used  as  rather  mild  laxative.     Dose  oj  exiratt,  1  to  2  Gm.,  15  to  30  Rt. 

Iris  (Blue  Flag). — The  rhizome  and  roots  of  Iris  versicolor.  Power  and  Salway. 
1911,  could  not  find  any  active  principle,  although  the  drug  and  the  rcslootd  "Iridin" 
were  formerly  considered  cathartic  and  diuretic.     Dosr,  i  Um.,  1$  rt. 

JridJs  Rhisoma  (Orris  Root). — The  rhizome  from  several  cultivated  sprcies  of  tri&, 
has  a  violet  odor.    It  in  used  in  sachets  and  tooth  powders. 


loot. 

lltM  1 


COLOCYKTH,  ELATERIN  AND  BRYONIA 

A  number  of  plants  of  the  cucumber  family  (CucurbitaceaeJ  yield  these 
drastic  drugs.  They  arc  of  complex  composition,  each  containing  several 
active  principles,  resinous  and  alkaloidal.  They  produce  continuous 
watery  stools,  with  intense  irritation  and  hyperemia  (mechanism  described 
above).  They  are  less  used  than  formerly,  when  they  were  frequently 
employed  to  reinforce  the  action  of  other  purgatives  as  in  the  Compound 
Cathartic  Pills.  Colocynth  is  excreted  by  the  kidnevs  and  milk,  and 
should  therefore  not  be  used  by  nursing  women.  Elaterin  is  one  of  the 
most  powerful  cathartics,  aometimea  u.'^d  in  uremia.  Large  doses  cause 
dangerous  prostration. 

The  toxic  dose  of  Colycynth  is  0.6  to  i  Cm.;  fatal.  4  Gra.     Of  elaterin,  the  budc 
<\o%c  is  5  tag.;  fatal,  o.O  Gm. 


PREPARATIONS — COLOC^TfTn,   ETC. 

Bryoma. — The  root  of  Br>'onia  alba  and  dioica.     Bryonin  and  Rryonidin  arc  com- 

filex  mixtures.     The  purgative  action  is  due  to  non-glurostdal  resins   and   alkaloids 
Power,  iqia).    Dojt,  0.6  to  4.0  Gm.  (10  to  60  grains). 

Camhogia,   U.S.P.;   Gamboge.— A   gum-resin    obtained    from    Garcinia    Hanburii 
The  re&in  (70  to  80  per  cent.)  contains  garanolic  acids,  which  fona  readily  lolublc  com- 
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jeaoAt  with  allcAlies,  and  thus  become  active  in  the  intestine.  The  effects  resemble 
IboH  o(  cdlocynth;  4  Gm.  are  (atal.  It  h  rarely  used,  in  pills.  Dose,  o.tiK  Gm.,  a 
|f,0.5.P.,  0.03  to  0.3S  Cm  .  B.P. 

Cthcyntku.  U.S.P.;  Colof-\Hlkidh  Pulpa  (Coloc>-n.  Pulp.).  B.P.;  Colocynth  (Bitter 
Atpfc).— The  dried  pulp  of  Lhc  fruit  o(  Citrullus  L'olocynthi<i.  The  action  is  due  to  at 
lail  two  constituents,  an  alLaloid  and  a  rc*in.  Colocynliiin  and  colocyntliidin  are 
awdv  impare  mixtures  (Power  and  Aloore,  1910).  Dose,  0.06  Gm.,  i  gr.,  U.S.P.. 
■  pilu.     Alasimum  du^e.  0.4  Gm,,  t\  gr. 

£x(.  CalacyH.,  U.S.P. — A  powdered  extract,  1  Gm.  representing  4  Gm.  of  drug. 
Ikit,  0.03  Cm.,  ^5  KT.,  t'.S.P.     Ma.'dmum  dose,  0.06  Gm.,  i  gr. 

Ett.Ciotocjm.Co..  U.S.P, — Kxt.  Colotyn..  16  percent.;  .Mocs,  souvr  cent.;  Scammon. 
Rti,  14  per  cent.;  Cardamon.  5  per  cent.    Dosr,  0.3$  Gm.,  4  gr.,  U.S.P. 

£if.  Cotoeyn.  Co.,  B.P. — A  dr>'  extract  from  Colocynth,  Aloes,  Scammony  and  Car- 
duon.     Dosr.  O.IJ  to  OS  Gm..  j  to  8  gr,,  B.P. 

Pit.  Colocyn-  Co.,  B.P. — CoIoQTilh,  10  per  cent.;  Aloes,  .15  per  cenL;  Scammon. 
hx.  iSpcr  cent.     Dose,  0.35  to  0.5  Cm..  4  to  8  gr..  B.P. 

PiJ.  Ctdotyn.  et  Ilyoscy.,  B.P.— Pil.  Colocyn.  Co.,  a;  Ert.  llyoscy,,  1.  Dost,  o.a 
n».sCm..  4  to8gr..  B.P. 

nrW«  Caikartua  ComposUee  (Pit.  Cathart.  Co.),  U.S.P.;  Compound  Cathartic 
Hk— Each  pill  contains!  Comp.  Ext.  Colocynth,  0.08  Gra.;  Calomel.  0.06  Gm.;  Jalap 
!«,  0.0J  Gm.;  Gamboge,  0.015  Gm.;  a  total  of  fteven  active  ingredients.  Dose, 
t«opiIb.  CS.P. 

GtUtiuum  (CUterin.),  U.S.P.;  Klalrrin. — A  neutral  principle  obtained  from  EU< 
kriam,  a  substance  deposited  by  the  juice  of  the  fruit  of  EcbaUium  Elaterium  (a  sub- 
iOate  iue<l  in  antiquity).  White,  hexagonal  scales  or  prismatic  crystab;  odorless,  and 
hnag  X  slixhlly  acrid,  bitter  taste.  Insol.  in  water;  slightly  sol.  in  ale.  (1:325). 
'^t3to6mg.,  J^B  to  l-fo  gr- repeated  in  five  hours  if  neccsaarj-,  but  not  daily  (U.S.P., 
JBT,  Hp  grJ).     The  dose  of  eiaterium  Li  6  to  jo  mg.,  ^  to  fjj  gr. 

uatenn  con^sts  of  two  crystalline  substances,  the  Icvorotar^'  a-clalerin,  which  is 
b(rt;uid  6010  Roper  cent,  of  the  active  dextrorotary  rf-elaterin.  Commercial  elalcrin 
''Wa  in  composition  and  activity  (Power.  1012).  Elalerin  docs  not  exiit  as  such  in 
tW  bmt.  but  IS  formed  during  the  expression  oy  a  diastatic  ferment,  acting  on  a  gluco* 
Hi  (Bog,  1909). 

flwfr,  1^13,  ad\isca  eiaterium  in  hepatic  cirrhosis  to  provoke  water>-  stools  (5  to 
ij  ag.  al  ntgbt;  Kr^l  day,  two  or  three  doses).  This  rarely  causes  nausea  or  paio^Dut 
■>T  act  during  the  night. 

Ttil.  El9Urim.,  U.S.P.— 10  per  cent.     Dtue,  o.oj  Gm.,  H  gr.,  U.S.P. 

CROTON  on. 

This  contains,  besides  ordinary  fats,  about  10  per  cent,  of  "croton- 
nsiri,"  ihc  active  component  (Dunstan  and  Boule,  1S95).  The  old 
"crolooulic  acid''  wa.s  an  impure  mUlure  of  this  resin  wiUi  inactivt:  fatly 
«d(ii.  The  resin  producer  the  local  and  systemic  effects  of  the  oil  (Robert 
ud  Hirscheydt,  1890;  Boehmj  1915).  It  is  destroyed  by  boiling  with 
ilblia. 

Croton  oil  b  the  strongest  of  all  cathartics,  j^  to  i  drop  producing 
^MTiiing  in  the  mouth  and  stomach,  often  vomiting,  and  after  one-half  to 
line  hours,  several  extensive  fluid  evacuations,  with  much  colic  and  tencs- 
Ott*.  It  is  used  only  in  extreme  cases  of  constipation  (leadl,  and  in  un- 
QWttdous  palicnUi  (uremic  and  apoplectic  coma).  It  should  not  be  given 
t"  «eak  patients,  nor  if  the  gasiro-tnte<-tinal  canal  is  inflamed.  Toxic 
<i»o  produce  collapse.  Twenty  drops  have  been  fatal,  but  recovery  is 
*W  to  have  followed  !-^  ounce — presumably  because  of  vomiting.  The 
'"■toieal  would  be  cvacuant,  demulcent,  opiates  and  symptomatic 
((lincted  against  the  enteritis  and  collapse). 

•'MfW  estemaUy.  croton  oil  produces  irritation,  proceeding  to  pustulalion  and 
****  wogjblfig.  >^'hcn  diluted  with  3  to  10  ports  of  olive  oil,  it  may  b«  used  as  counter' 
■tiiMt. 
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PREPAJRATIONS — CROTON   OIL 

■  OUum  Tiffii.,  U.S.P.;  OUum  Crotonis  (01.  Croton),  B.P.;  Croton  Oil.— A  &xcd 
oil  expressed  from  the  Mcds  of  Croton  Tiglium.  A  pale  yrllow  or  brown Uh  yellow, 
somtwhat  viscid  and  slightly  fiuorcscctit  liquid,  having  a  slight,  fatty  odor.  SltghUy 
sol  in  ale.  Dose.  0.05  c.r..  i  mimm,  U.S.P.;  o.oj  lo  0,06  c.c.  !j  to  1  mitiim,  B.P.; 
on  a  lump  of  sugar,  slice  of  bread  or  lemon.  With  umonsdous  patients,  a  small  drop 
may  be  placed  at  the  back  ul  the  tongue,  and  repeated  cvcr>-  hour  to  three  dosu. 
Maximum  dose,  0.05  c.c,  i  minim. 

Lin.  Croton..  B.P. —  i:  per  cent,  in  equal  volumt,  of  01.  Cftjup.  and  alcohol.  Pro- 
duces severe  inSammalioa, 


COLLOID  AND  EMOLUENT  LAXATIVES 

These  act  mainly  by  retaining  water  in  the  intestine  through  imbibi- 
tion, and  thus  modifying  the  bulk  and  consistency  of  the  feces,  so  that 
these  are  more  easily  expelled.  They  are  useful  in  habitual  constipation^ 
especially  if  aided  by  ihe  occasional  administration  of  cascara.  Agar  is 
tN-pical  of  this  class.  Infruils  (prunes,  grapes,  tamarinds,  etc.)  this  colloid 
action  is  supported  by  the  organic  acids  and  sugars.  Manna  acts  through 
its  difficultly  absorbable  sugar,  the  action  being  largely  osmotic.  Pftro- 
latum  is  not  absorbed  and  therefore  softens  and  lubricates  the  feces.  Olive 
oil.  in  so  far  as  it  escapes  digestion  and  absorption,  acts  in  the  same  manner. 

Agar-agar. — This  is  prepared  from  various  Japanese  marine  algx.  It  consuls 
mainly  of  the  hcmicellufow  "fjelose,"  which  gehtiiiizvs  with  water.  It  is  tasteless 
and  has  been  used  for  culinar}*  jellies,  but  h  not  digested  (8  to  37  per  cent.  15  utilucd 
in  man;  Saiki,  iga6;  Swarlz,  igii;  hirbivoree  utilize  about  50  per  cent.;  Lohmch, 
ipo8).  It  wa&  introduced  a.<;  a  laxative  by  A.  Schmidt,  11)05.  J-  ^-  Mor?4-,  1910. 
adviaa  the  chopped  alireds,  J-;^  lo  1  uun<.-c  for  adults;  1  or  3  teaspoons  for  children;  put 
with  the  breakia-tt  cereal,  part  with  »auce  or  cream  at  another  meal.  For  chiicucn, 
it  may  be  bnilet!  with  oatmeal,  or  m.idc  into  a  jelly  (t:  joo  boiling  water).  It  Isnot  v< 
effective,  and  usually  rcquirc?>  the  uilditioii  of  caMrara  ur  pbeootphthalciD  f  Bastedo,  191 


PREPARATIONS — AGAR,   ETC. 


A^ar,    U.S.P. ;    ABar-agar.- -Tlie    dried    mucilaginous    sutnlance    extracted    f; 
marine  aJg*  groiving  along  the  eastern  coast  of  Aiia.     Thin,  translucent,  membranous, 
agglutinated  pieces,  yellowisli- white  ur  brownish- white;  odor  ulighl;  taste  murila^noua. 
DfSf.  10  fim..  2^5  drams,  U.S.P. 

.\[anna.  L'.S.P.— The  dried  saccharine  exudation  ol  an  Ash-trcc,  Fraxinu^  Omi 
Contains  munnil,  about  90  per  cent.  Dose,  15  Om.,  4  drams,  U.S.P.,  to  6e  Ga, 
ounces,  as  infusion.  _ 

Tamanndus,  B.P.;  Tamarind. — The  fruit  of  7*amarindus  indicua.  It  owes  its  ac- 
tivity to  organic  acids,  especially  citric.  It  is  used  a.-^  a  laxative,  in  dotrs  of  4  to  ja  Om, 
(1  lo  8  drams). 

EVACUANT  ENEMAS 

Kectal  injection.'^  or  clysters  increase  the  peristaUis  of  the  large 
small  intestines  in  response  to  the  mechanical  stimulation.    The  cffc 
is  enhanced  by  the  addition  of  irritants. 

Enemata  have  an  advaiUage  over  cathartics  taken  by  mouth, 
in  that  they  may  be  made  absolutely  non-irritant,  and  may  therefore 
be  used  in  conditions  in  which  the  other  cathartics  arc  positively  contra- 
indicated.  Jf  the  purpose  of  the  enema  be  merely  to  soften  hardened 
scybala,  they  would  be  used  warm,  in  copious  quantities,  preferably 
with  soap;  or  as  decoctions  of  mucilaginous  substances. 

To  secure  the  maximum  motor  effect,  the  injection  must  be  used 
cold,  and  in  fairly  large  quantity;    Adults  a  pint,  quart,  or  more;  chiklren 
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umrding  to  age  (at  a  year,  an  ounce,  and  about  3'^'ounce  more  for  each 
jr«i).    Water  and  bland  oils  are  also  often  used  by  high  injection. 

The  irritants  which  are  most  commonly  used  in  clysters  are:  Soap; 
cisior  oil;  molasses,  i  :8;  salt,  t:i6;  turpentine,  1:20  (emulsiiied  with 
egg-yolk) ;  bile,  i  :  50. 

Enemata  also  have  other  uses:  For  local  effects  on  the  rectal  mucous 
iBnnbrane  (astringents,  etc.);  for  ihc  remorml 0/ parasites;  And  as  a  method 
<A  itilroducing  medicine  and  noitrtshmrnt. 


k 
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General  Statement — Anthelmintics  {afUi,  against;  helminthos,  worm) 
Ut  ftmcdies  used  against  intestina]  parasites. 

An  active  peristalsis  will  tend  to  remove  intestinal  parasites,  as  well 
ulbeothcT  intestinal  contents.  Active  cathartics  are  therefore  necessarily 
ytmijuges — I.e.,  drugs  which  expel  parasites.  But  these  parasites, 
then  in  good  condition,  are  endowed  with  remarkable  faculties  of  maia- 
iinung  their  position  in  the  intestines — by  traveling  in  the  direction 
oppo^te  to  peristalsis,  or  by  fixing  themselves  to  the  intestinal  wall 
Vf  means  of  suckers  or  hooks,  or  by  their  serrated  margins,  etc.  It 
tberefofe  becomes  necessary  to  lower  their  vilalily.  This  may  be  done 
tosome  extent  by  appropriate  diet.  But  lliis  is  rarely  sufficient,  and  it 
i^Hcnerally  necessary  to  employ  drugs  w'hich  will  paralyze  them — Vermi- 
tUtJ.  Since  the  latter  necessarily  present  some  danger  to  the  host 
«  wdl,  it  is  desirable  that  ihey  should  be  used  in  the  smallest  doses. 
fa  this  reason  it  is  wdl  to  give  them  their  maximum  efficiency  by  preced- 
inHLhrm  with  a  course  of  diet  which  lowers  the  resistance  of  the  parasite 
lilhmjt  affecting  the  host.  The  vermicides  but  rarely  kill  the  parasites; 
thae  usually  recover  if  they  remain  in  the  intestine.  It  is  therefore  very 
Kitssary  to  follow  the  vermicide  by  an  active  cathartic,  a  saline,  jalap, 
or  calomel.  Oily  cathartics  must  be  avoided,  since  ihey  favor  the  absorp- 
^  of  most  anthelmintics. 

PreUminary  Dietary  Measurei. — AlimiutioDof  the  proteins  of  the  diet  is  generally 
lipnled  u  injurious  to  (he  pansitc.  but  care  must  be  taken  iiut  to  CMrr>-  this  »■  fu 
M  ta  utakcn  the  re^tance  of  the  patient.  Carbohytl rates  may  be  allowed  in  any 
ttMot.  MccJianicul  irritants — vegetables  rich  in  fiber;  the  scvds  of  strawberries, 
UKkbtrrid.  ur  6ks,  the  husks  o(  firain,  etc, — are  very  useful.  So  arc  "sharp"  articles 
tf^— con<Jiment»,  especially  those  of  the  mustard  group,  strongly  salted  meat,  etc. 
Altbe  limr  when  the  vermii.i(]e  i->  takt.-n,  the  intvi^liiial  canal  ^lioi^il  be  fairly  empty, 
iitfcit  Uic  fkarasite  will  not  be  proteticd  by  the  contents.  TTie  remedies  arc  therefore 
•"■By  fivrn  before  breakfast,  and  no  food  is  taken  for  several  hours  alter.  This  ud- 
Mtuauly  increases  the  tendency  to  the  absorption  uf  the  [loison,  and  to  the  local 
teBuioA,  Vondtini;  may  occur  and  render  a  repetition  of  the  whole  cure  neceasary. 
nbaft  been  aitempled  to  eircumveol  thi^  dilliculty  by  combining  the  principles  with 
t>ttia,  but  this  kasciui  their  action.     The  boit  ihai  can  be  done  is  to  inclose  ihcm  in 

V^fUMOlcS. 

Vvaindw. — Tbe  Kubfitances  which  are  toxic  to  inle<%tin.nJ  panuiites  ar«  in  general 
^ac  to  aB  farms  of  protoplasm.  The  class  of  intestinal  antiseptics  arc  all  to  some 
*B«u  vcrmicidak  but  can  tcarccly  be  introduced  in  suflicient  amount  to  kill  the 
P*(aBleft  witiiout  injuring  the  ho»t.  Special  Qualities  arc  nccc»»ary  for  this  end:  The 
"Bfdjr  siiMt  be  absorbed  tn  the  smallest  possible  extent,  since  its  absorption  would  not 
^J  Wder  h  deleterious  to  the  patient,  out  would  also  prevent  its  reaching  the  lower 
ftBta  ol  the  intestine  tini]  actini{  on  the  parusites  fuund  there.  On  the  other  hand, 
^^rt  be  capable  uf  penetrating  (he  resHtant,  often  chitinous,  covering  of  these  worms. 
J"  fa^bmatwci  can  only  be  secured  with  wiatiie  poisons,  whose  vapors  permeate  the 
'  canal  and  penetrate  into  the  parasites  before  there  U  time  for  an  extensive 
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absorption.  From  this  ^obtilitv  of  ihc  active  principles,  it  follow!,  ncccKiarily  that 
UiMC  drugs  are  nol  very  stuhlc;  llic  more  so  since  these  principles  ali«>  undergo  chemlc 
changes  ^■cr>■  readily.  This  uncertain  activity  has  thrown  mistrust  on  the  whole 
class  of  unthclmindcs.  The  pharmaceutic  extmcts  or  isolated  principles  share  this 
iiutabiUty,  aJthough  to  a  less  degree. 

Finally,  it  is  more  than  probalile  that  thc»cjpanisilc:<^,  as  roost  other  fomu  of  life, 
show  peculiar  suscfplibilily  to  certain  poisons.  Tnere  is  some  hope  that  further  research 
will  bring  forth  iipccitk  vermicitle:^.  At  present,  iIk  following  datu  have  been  gathered 
largely  from  empirical  obs«!r\'ations: 

Specific  Vermicides. — The  most  efficient  for  Tapeworms  are  Mate 
Fem  (especially  for  Bothriocephalus);  Pclletierin  (espccisHy  for  T^nia); 
and  Kosoloxtn;  for  Routui  Horw^.  Santonin,  Chenopodium  and  Splgelia. 
Thread  Worms  are  treated  most  efficiently  from  the  rectum  by  enemata. 
Thymol  (see  Index)  and  Chenopodium  are  used  for  Hook-worm.  Aspid- 
ium  is  also  said  to  be  effective  against  Hook-worm. 

It  may  be  well  to  mention  that  the  vermicides  are  under  no  circum- 
statices  absolutely  saff.  They  should  never  be  given  unless  the  parasites 
or  their  eggs  are  actually  demonstrated  in  Ihc  feces.  This  is  also  the  time 
when  treatment  offers  the  greatest  chance  of  success. 


ASPmtUM  OR  MALE  FERN 

Composition. — The  anthelmintic  action  resides  in  several  closely 
related  substances,  complex  methane  derivatives  of  phloroglucin  and 
its  homologiics,  with  butyric  radicles  in  ketone  combination  (Bochm, 
1897).  The  most  important  is  probably  the  amorphous  fiUcic  acid. 
.\nalogous  compounds  occur  in  several  other  anthcbnintic  drugs  (Rotlerin 
in  Kamata;  Ascaridol  in  Chenopodium;  Tanacetin  in  Tanacetum;  Koso- 
toxin  in  Cusso). 

The  Aclivt  CoHsiitumli  cf  As^idium  IPoul&snn,  1691;  Boehm,  i&o?)  u«:  Amorphous 
fiJicic  acid  (CitHuOii);  AspidmiDi  Albaspidinin;  Flavaspidic  acid  (weak);  Aspidia 
(pmbably  from  other  species).  The  amorphous  >!/mar0N  (CitHhOd:  Kraft;  Jacquel; 
1904)  is  perhaps  an  impure  hiidc  ucid  {Sciimiedeberg).  The  inadtpc  constHumts  are: 
the  cry!>l:illine  fitidc  aad  or  (ilicin  (CuHuOn).  and  aspidinul.  The  cr>-stalline  tilictc 
acid  is  the  lacton  of  the  active  amorphous  acrid,  the  two  bcin^  readily  converted  into 
each  other.  Thia  probably  explain-*  the  deterioration  an  kp<-piiiR  the  rout.  All  the>e 
substances  are  so  closely  related,  and  change  so  readily  iito  each  other  that  our  knowl- 
edge  is  very  confused;  even  the  clemealary  formula  are  in  dispute.  Aspidtum  also 
coolaJDi  volatile  and  tlxcd  oil,  tannin,  etc.  Kilicic  acid  is  decomposed  in  the  body, 
yielding  trimcthytphloroglucin.  Fiiicinic  acid  t»  an  inactive  sriificiaJ  reduction  product 
of  filicic  acid  or  aspidin. 

Actions. — Active  fiUcic  acid  probably  paralyzes  the  muscles  of  the 
parasites;  at  least  it  has  this  action  in  rain-worms,  without  affecting  the 
nerves  (W.  Strauh,  1902).  This  has  been  utilized  for  the  standardization 
of  ftlix  preparations  (Vagi,  1914).  In  frogs,  it  paralyzes  the  central 
nervous  system,  the  heart  and  skeletal  muscles;  in  mamimals,  it  produces 
local  gastro^intestinal  irritation;  followed  by  tetanic  convulsions  with 
simultaneous  central  and  cardiac  ]>aralysis. 

Administration. — Aspidium  is  used  against  tapeworms  and  hook- 
worm. Its  reputation  dates  from  the  ancients.  The  oleoresin  is  admin- 
istered in  capsules  of  ^  to  3  c.c,  or  emulsions,  as  described.  If  a  cathartic 
is  given,  if  no  oil  is  taken  and  if  the  patient  is  vigorous,  the  ordinary 
doses  cause  little  disturbance.  If  unsuccessful,  several  weeks  should 
elapse  lK'fi>rp  anothtT  a<l  mi  nisi  ration. 

Phenomena  of  Poisoning. — This  may  occur  even  with  moderate  doses 
(Sidlcr  Hugucuin,  1898);  and  larger  doses  are  dangerous.    Four  grams 
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ol  the  oleoresin  have  produced  severe  poisoning,  but  20  Gm.  have  been 
given  without  toxic  effects  (Drenkhaw,  1911).    The  milder  symptoms 

consist  in  colic,  diarrhea,  headache,  dizziness,  dyspnc?.,  yellow  viidon. 

and  sometimes   temporary   blindness.     Severe   cases   showed   delirium. 

violent  muscle-cramps,  syncope,  tonic  convulsions  and  coma;  often  glyco- 

nria,  albuminuria  and  casts,  and  icterus;  death  occurs  by  respiratory 

pKral>'sis. 
Recovery  is  slow,  often  with  permanent   blindness  (Stuelp,   1904). 

Tfcis  occurs  also  in  animals.      It  is  due  to  spasm  of  the  retinal  vessels,  with 

^Iub9equent  optic  atrophy  (Haruack,  1912). 
The  treatment  would  be  evacuant,   demulcent  and  symptomatic. 
ttiii 
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Jihtfioin.  U.&r.;  FUix  .\fas.  B.P.  (Mule  Fern).— Thr  rliixome  and  sLipnso/  Dryttp- 
Hu  V\\u  Mm  and  mnr^iniilia;  using  only  such  portions  as  have  retained  their  green 
olof.    0*ic.  4  Gni.,  doer.,  U.S. P. 

'Otarmna  Aspidii  iOI«ires.  A^Md.),  U.S.P.;  £.r/.  FUtcis  Liq..  B.P.  (Olcorcsin  of 
Mile  Fern). — .\ncvaporalwJ  ellwreal cxlrai'l  (containing  at  least  jo  per  cent.  o(  filicin, 
KP,>.  Greenish  oUy  liquid,  often  coDtamici;  a  crystalline  ttcdiment  which  should  be 
iMKTiOmted  before  disfx-nsing.  Disagreeable  taste  and  odor.  Dase,  2  Cm.,  30  %%., 
D'S.r.  (Hiution;  not  repeated  on  same  day);  45  to  90  mininu;,  D.P.;  in  capsules  or  cmul- 
^.    Manmum  do5C,  15  Gm..  4  drams. 

K%Mpka%is  FUicic  Actd,  N.N. R.— 0.5  to  i  Gm.,  Fittnaron  Oil,  N.N.R.,  10  per  cent., 

Dec 

Cvjo,  B.P.;  Kousso  (Brsyera). — The  pi»lillate  flomre  of  Rrayera  anthelmintica. 
rrW  male  tloweis  are  powerfully  cmeiic,  and,  therefore,  useless  as  vermicides.)  Con- 
tan  k»totasin,  related  to  filicic  acid  (Leicbsenring,  1894;  txibeck,  iQOt).  Dose, 
iMti  (ioL.  2  to  4  drams,  H.P..  as  tnfu.Mon. 

<r<««ia  (RottJera). — The  Klands  and  hairs  from  the  fruit-capsules  of  Mallotus 
ndl^cnsis.  Conlaina  Roillerin,  related  to  bticic  acid  [Telle,  igo7;  Scraper,  iqio. 
*>♦,  10  Gm.,  aVi  drams. 

CRENOPODIUM  OIL 

The  oil  distilled  from  American  Worm-seed  has  again  come  into  promi- 
Beoceasan  anthelmintic,  especially  against  round  worm  and  hook-worms. 
It  ^ipe&rs  to  be  highly  efficient  and  relatively  safe,  although  large  doses 
*<e  toxic.  Its  effects  on  the  worms  are  similar  to  santonin,  viz.,  peripheral 
flimuJation,  followed  with  large  doses  by  paralysis  (Trendelenburg,  1915). 

AjtariJal. — This  is  the  principal  active  constituent.  It  is  a  %-cry  unstable  com- 
fWadcrf  peroDd  t>-pc  (Atsbcrg,  1913). 

Bfldinqr. — Bruening,  loofi,  igu,  found  that  chcnopodium  oil  has  a  high  lostdly 
hiwcaris,  and  a  low  tuxiuly  for  mammals.  In  hook-worm,  Schucffner  and  Vcrwoart, 
>9il,((iund  it  dinic^ly  fully  equal  to  thymol,  and  <^uperior  to  bcta-naphthol  or  eucalj'p- 
bL  Ibihop  and  Brouos,  1915,  consider  it  more  cflident  than  lh>-mol,  vnth  the 
'unlw  adviAUvje  of  easier  adminUtration.  In  (he  Orient,  according  to  Heiser,  1915. 
i^  dtnkal  mulis  have  been  superior  to  other  hook-worm  rcmcdicis.  It  was  also  highly 
^lirei^iitst  ascarts.  tapeworms  and  whipworms. 

Unuustntioa.  The  od  does  nut  kill,  but  merely  fiaralyzcs  the  worms,  m  that  It 
*>i  be  ipven  with  ^  cathartic,  ufiually  castor  oil.  Oils  do  not  increase,  but  rather 
^■(^ih,  tlie  toncit^   ISahmt  and  BeDKis.  I9>5)' 

DoMga  against  Ascaris.— Toe  chiloren,  s  to  10  drops  of  the  oil  arc  given  on  sugar 
^<*  three  limes  a  day  for  two  days,  and  followed  by  a  ublcspooa  of  castor  oil  (Levy, 
Vtl 

D(MVe  ■pinst  Hook-worm. — The  palicnt  b  allovcd  a  light  >iuppcr  and  no  brcak- 
■*■  The  treatment  starts  in  the  morning  with  50  (Im.  of  magnesium  sulphate;  two 
*■•  liter,  16  drops  of  the  oil  on  a  teajipoon  of  granulated  sugar;  the  same  dose  is  re- 
P^ltd  l«irc  with  tnii-huur  inter%-als.  The  last  (third)  dose  is  followed  after  two  hours 
W*taUai|Kwtui  of  castor  oil  with  50  drops  of  chloroform.  The  treatment  is  repeated 
^tkiy  mtil  the  e»5lor  oil  biooU  are  free  from  ova.     For  children  below  Gfleen  years, 
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the  dosage  is  apptoximately  i  drop  per  >'ear  (SchueSncr  and  Verwoort,  iQij;  Le\'y, 

BUhop  and  DroMria,  1915,  advise  even  simpler  technic,  requiring  no  dietAQ'  prqi&ra- 
lion.  The  oil  i»  used  in  cupsules  of  0.5  c.c.  For  adulla,  three  doses,  each  of  i  i-.c,  Eire 
given  at  jntervalA  of  two  hours.  Castor  oil,  a  ounces,  is  administered  four  hours  after 
the  last  doM.  For  convenience  in  collecting  the  stools,  the  treatment  is  uxually  started 
in  the  evening.  The  coun*  i&  repeated  evcrj*  three  to  five  days,  until  the  parasites  have 
disappeared  from  the  feces.  The  doi»agc  for  children  is  i  drop  per  year,  on  sugar.  The 
treatment  may  he  conlraindicated  durinc  fever  or  acute  gas>tro-intt»liual  inflammatioits. 

Absorptioa  and  Excretioa. — The  oil  is  absoibed  from  the  ligated  stomach  and 
especiiilJy  from  the  small  inleilinc.  The  escretJon  occurs  partly  by  the  lungs  (Saknt 
and  I.ivinKiton,  TQ15). 

Toxic  Effects  in  Man. — These  are  rare,  and  generally  attriliu table  to  gro«!i  nvrr- 
dosagc.  The  s>*mptoma  consist  in  lutuiwa,  vomiting  and  abdominal  pain;  headache, 
drowsiness,  deafness  and  tinnitus;  ata:ti4  and  depres^sion.  Fatal  cases  show  coma, 
tachycardia  and  convulsions  (Levy,  1914;  Scilert,  Ncbenwirk.,  1915,  p.  140).  The 
treatment  would  consist  in  purgatives  and  slimulanls  (Motter,  1914). 

Toxic  Effects  on  Animals. — These  have  been  studied  especiaUy  by  Salsnt  and  his 
co-workers,  igio-1916.  The  toxicity  varicn  greatly,  even  with  intrB\-enoU5  injection. 
It  w  increased  by  .starvation,  diminished  by  abunclant  diet.  Cumulative  effects  have 
aUo  been  observed. 

Intact  animnts  first  show  depression  of  the  higher  centers,  tben  convulsions.  There 
Is  a  cardiac  fait  of  blood  pressure  and  org:a.n  volume,  with  uowed  heart  and  decreased 
vagus  irrilabilily.  Somi-M-hat  l:irger  doses  also  dnrrease  the  rate  and  amplitude  of  the 
refpintlion,  independently  of  the  circulation.  Peristalsis  is  dimiTus.hcd,  by  intravenous 
injection,  as  well  as  in  the  excised  inU-stinc.  The  depression  is  antagoniHed  by  barium. 
but  ni)t  by  pilorarijiri.  Renal  trritatinn  is  also  evidenced.  CafTcin  antacomzes  the 
respiratory  depression,  cpinephrin  and  digitalis  the  cardiac  depression  (Salftnt  and 
Living!) ton,  [916.] 
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*  OtewM  Ckenopodii  (01.  Chenopod.),  U.S.P.;  CKl  of  Chenopodium  (American 
Worm-seed), — .\  volatile  oil  distilled  from  ChenoiKxlium  umbrosioides  anthel- 
minticum.     Dose,  0,2  cc,  3  minims,  U-S.!*. 

PELLETIERIN 

This  is  a  rabcture  of  alkaloids  obtained  from  Pomegranate  bark.  It 
acts  much  more  powerfully  on  Tarnia  than  on  .Ascaris  (v.  Schroeder,  18R4; 
also  effects  on  higher  animak).  Tlecoclion.sof  the  bark  have  been  used  as 
tapeworm  remedy  since  the  Romans;  but  the  large  amount  of  tannin  (ao 
or  35  per  cent.)  often  causes  vomiting,  so  that  the  alkaloids  are  preferred- 
These  are  generally  given  in  the  form  of  the  tannates  to  avoid  gastric 
irritation,  employing  iht;  usual  precautions.  The  ordinary  dose  often 
causes  mild  toxic  symptom.s:  vertigo,  dimmed  vision,  great  weakness  and 
cramps  in  the  legs,  formication,  convulsive  trembling,  etc.  Toxic  doses 
produce  promptly  mydriasi.s,  partial  blindness,  violent  headache,  vertigo, 
vomiting  and  diarrhea,  profound  prostration,  sometimes  convulsions 
(Laadis,  1889). 
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'Peiletimna  Tannas  (Pellet.  Tann.),  U.S.P.,  B.P.;  Pelleticrin  Tannat:.— A  mixture 
of  the  tanoiiles  of  alkaloids  oblainrd  from  the  bark  of  the  rtKii  and  stem  of  the  Pome- 
granate. Tanrct,  1^78,  found  two  active,  liquid  volatile  alkaloids.  Punidn  and  Iso- 
punicin.  There  arc,  further,  two  less  active  alkaloids,  Melhylpunicin  and  Pseudopuni- 
cin.  The  commercial  alkaloid  h  of  rather  variable  cnm[H)^ition.  The  tannate  occurs 
as  a  light  yeLow.  odorless,  amorphous  powder,  of  astringent  taste.  Slightly  sol.  in 
water  (i  ;  J40),  sol.  ir  ale.  (i  ;  i<>).  Dvr^f,  0.^5  Cm,,  4  gr.,  U.S.P.;  o.u  to  0.5  Gm.« 
3  to  8  gr.,  &.P.;  suspended  in  water. 

Granatum,  U.S.P.;  Pomegranate. — The  dried  stem  and  root 
Dose,  1  Gm.,  30  gr.,  U.S.P. 
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Dead.  Grcnal. — lo  per  cent.     Dost,  15  to  60CC,  K   to  j  ounces. 

FUai.  Granat..  V.SJ'.—Dose,  3  c.c,  ^o  minims,  U.S.P. 

Artca,~~Thc  fruit  of  Areca  Catechu.  Cortains  vermicidal  volatile  alkaloid  (Xit- 
oUb).  Ajtc«  is  used  only  in  veterinary  medicine.  Arecolin  stimulates  peristalsis 
fPKtz,  1910).  ArteoliH  hydrohramid  has  been  used  locally,  ^  to  i  per  cent.,  as  miotic 
WtiDfc). 

Ftpo,  U.S.P. ;  Ciuurhike  Semina  PrtrlntraUi  (Cucurb.  Sem.  Pnep.,  B.P.;  Pumpkin 
Sod,  Melon  Ihimpkin  Seed. — The  dried  (fresh,  B.P.)  ripe  seeds  of  Cucurbits  Pepo 
(naiima).  Dost,  so  Ota.,  i  ounces  U.S.P.;  100  Gtn.  bruised  to  u  cream  with  water  or 
■ii&,B.P. 

I^mpkin  or  Melon  Seeds,  frcjh  or  at  least  not  over  a  year  old,  arc  eaten  in  ^  ounce 
doHs,  aa  the  day  ptecftdinj;  the  rejpiUr  ircalroent.  They  aru  not  sufncimtly  active 
Anndircs,  but  serve  to  support  other  mea-sures.  They  were  investi}j;ated  chem- 
iaHyad  pbarmacologtcally  by  Power  and  Salway.  tQio;  but  none  of  the  constit- 
BtBls  had  any  action  on  the  host  or  panL^ites.  Weinblum,  iut2,  found  ndther  alka- 
Udi  tior  ghicoeids,  and  also  considers  the  action  very  unreliable.  The  fresh  "milk"  of 
the  WMHul  U  also  »tud  tu  be  anihvlnuntic. 

Sficdist  U.S.P.;  (Pink  Root). — The  dried  rhizome  and  roots  of  Spificlia  marilandica. 
Ilbuid  to  stupefy  roundworms.  It  contains  a  bitter  acrid  rcsln;  a  poisonous  alkaloid; 
nhtile  oil,  etc.  Ijttle  is  known  of  its  .ictton.  Toxic  cSccu,  which  arc  rare,  resemble 
ttmof  pelletieritL     i?ojr,  4  Ga..  &o  gr.,  t'.S.P. 

fUuS.  S^gfi..  U.S.P.     Dott.  4  c.c,  I  dram.  U.S.P. 

Bwlea  Semina,  B.P.;  Butea  Seeds. — The  9cc<ls  of  Butea  frondosa.  Used  ia  ladlji 
tt  utbdnintic. 

Ptit.  Batae  S<m.,  B.P.— JDok,  0.6  to  1.3  (im.,  to  to  ao  gr.,  B.P. 

SANTO  WIN 

General  Statement. — Santonica  has  been  a  favorite  remedy  against 
twuid  worms  since  Dioscorides,  It  is  also  used  again.'!t  pinworms  if  these 
bive  ifcvended  beyond  the  reach  of  cnema.s.  It  doe.i  not  seem  to  kill  the 
aiciris,  either  in  the  intestine  or  m  viiro,  but  they  attempt  to  escape  from 
it  iwl  thus  flee  into  the  large  intestine,  whence  they  are  evacuated  by  a 
pur^tive.  Santonin  is  insoluble,  non-irritant  and  almost  tasteless,  and 
blfacrefore  ea.'iily  administered  to  children.  It  may  be  mixed  with  some 
«pr.  and  combined  with  calomel  or  castor  oil,  which  does  not  increase 
iti absorption.  To  children  of  two  to  five  years,  0.03  Gm.,  }-^  gr.,  may  be 
givoi  ever>*  hour  for  two  or  three  doses,  accortling  to  age,  and  then  not 
ivputed  for  at  least  three  davs.  The  adult  dost  would  be  three  times  as 
BUKb.  It  should  not  be  given  on  an  empty  stomach,  lUnce  this  would 
bvor  absorption. 

Santonin  is  the  lacton  of  .santonic  acid.  It  is  di.s.soIved  in  the  intcs- 
tbe  a^  sodium  santoninate,  and  the  greater  part  is  eliminated  unchanged 
b  the  feces,  A  small  amount  is  absorbed,  oxidized,  and  the  derivatives 
^>edally  the  crj-stalline  Santogenin,  Jaffe,  i8go)  are  excreted  by  the 
wiae.  An  unknown  derivative  imparts  a  bright  yellow  color  to  the  urine 
Then  add,  changing  to  pink  when  alkaline. 

Dnccs  but  little  above  the  ordinar}'  cause  "yellow  wsion,"  persisting 
faf  «me  hours,  without  other  bad  eflects.  Overdoses  produce  serious 
[wooning.  Santonin  should  therefore  only  be  sold  on  prescriptions.  The 
Troches,  by  their  resemblance  to  candy,  are  especially  liable  to  produce 
*gi<fatiUJ  poisoning. 

Actioo  OQ  Worms;  Relatioa  to  Structure.— This  ha.4  been  studied  by  Trendelenburg, 
>*tj-''n  nm-'.T«rm>.  leeches  and  uscaris.  It  consists  in  strong  slimulatfun  (increased 
y>  ind  coalractians)  of  the  muscle,  penuftiinx  .illcr  rcmov.tl  of  the  f^nglia.  The 
^BiihigiUy  specific,  since  it  is  not  produced  in  anything  like  the  same  degree  by  other 
*Wlicei  (although  ynme  alkattnds  have  a  weak  action);  nor  does  santonin  stimulate 
y*t»m  muscle.  It  is  conoeclcd  with  the  lactone  structure,  as  is  aLw  a  depressant 
*W M  Uw  isobtcd  Irag  heart.  The  convuUant  effect  on  inamaial&,  OQ  the  other  band, 
"■)>M  depend  on  the  lactone,  but  on  the  oaphthalin  nucleus. 
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The  Phenomena  of  Severe  Intoxication.— These  are  vomiting,  colic 
and  diarrhea,  painful  micturiiion,  hematuria,  headache  and  vertigo,  weak- 
ness, somnolence;  hnally  convulsions  (which  may  be  unilateral),  and  fall 
of  temperature  (liinz,  1877;  Harnack,  1901). 

The  Treatment. — This  would  conast  in  evacuation;  chloroform  in- 
halation against  the  convulsions;  and  stimulants  against  coUapte. 

Fatal  Dose.— In  children,  o.ofi  Gm.,  i  gr.,  bos  produced  serious  poisoniryf,  and  two 
Euch  doseA  bavc  been  fntal;  in  other  CAses,  0.18  Gm.,  ^  ^r.,  ckuseil  only  itsht  symptoms, 
and  recovery  ba-*  iKXurred  after  0,77  Cm.,  11  gr.  By  adults.  0.5  to  i  Gm.  and  more 
have  been  Liken  wiihoiii  diLmii^c  (Lewio). 

Tbe  Color  of  the  Urine.— This  may  be  confu^d  with  that  of  etnoitin  (rhubarb,  etc.). 
The  emodin  colors  can  be  shaken  out  with  ether,  or  precipitated  by  lime  or  barium 
water,  whilst  the  santonin  color  cio  not. 

Uric  Acid  Eliminaiion. — This  is  increased  by  Santoian,  as  by  other  iDtestinal  irri- 
tants (Abl,  1913). 

Xanthopda. — Doses  as  small  as  0.1  Gm.  may  cause  ">tIlow  \*isioo" — i.r.,  white 
light  has  at  first  a  violcl,  then  a  yellowish- grctn  hue,  anil  these  colors  tint  the  entire 
&eld  of  viMon.  Tbe power  of  seeing,  in  dim  ught  is  also  lessened.  It  has  been  demon- 
sirated  that  these  effects  arc  peripheral  (Knies,  it:(94l,  and  the  theory  is  advanced, 
based  on  some  experimental  d-ita,  that  santonin  impairs  the  reproduciion  of  the  viMial 
purple  and  violet,  which  are  at  first  used  very  rapidly.  There  b  do  truth  in  the  state- 
ment that  it  di^rolors  the  media  of  the  eye  (Fitehne,  iqoo). 

Colored  viaJoo  also  occurs,  but  more  rarely  with  am)*!  tlitrite,  picric  or  chromic 
add,  and  digitalis  (de  Scbweinitz,  1899). 


PREPAKATIONS — SANTONIN 
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*  Santoninum  (Santonin.),  U.S.P.,  B.P.;  SantoaiQ.  CitHifOi. — The  inner  onhydrid 
or  lacton  of  santonic  acid  obtained  from  Santonica.  Coloricss  crystals  (luminf;  yellow 
on  cTposurc  to  light);  odorlcs"!  and  ncariy  ta.'stcless  when  first  placed  in  mouth,  but  after- 
ward developing  a  bitter  ta»tc.  Veo' slightly  sol.  in  water,  siA.  in  ale.  (1:43].  Dpu, 
0.06  Gm.,  I  Rr.,  U.S.R;  0.06  to  o.i  Gm.,  i  (o  3  gr.,  B.P.;  in  powder,  with  a  hltle  sugar. 
Maximum  dose.  0.2  Gm.,  x  rt- 

Sanlonin  has  been  uscif  in  epilepsy  and  in  dial>etes,  but  with  little  sdcobsa, 

Sctuonifn,  "Levant  Worm-seed"  (really  the  uivcxpandcd  flowcrfaeads  of  Artemuia 
pauciflora),  also  contains  cineol,  but  this  ho.'i  no  action  on  ascaris  (Bruening,  iptj), 

Tr&ck,  Santonin.,  B.P.;  Santonin  Loxengcs. — Each  contains  0.06  Gm.,  i  grain. 
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These  arc  usually  treated  most  efficiently  by  the  rectal  injection  of 
various  irritants.  The  rectum  is  nrst  washed  with  injections  of  iron, 
tannin,  or  bitters  (quassia,)  to  limit  the  secretion  of  mucus,  and  is  then 
irrigated  with  solutions  or  emulsions  of  salt  (Sss  to  pt.),  aloes  (5j  to  pt.), 
or  turpentine  (Sij  to  pt.),  etc.  Mercury  saJts  are  sometimes  used  as  ii 
jection  or  suppository,  but  are  dangerous. 


CONVULSAWT  POISONS 

Convulsions  may  be  caiLsed  by  direct  stimulation  of  the  muscles  (ver- 
atrin);  or  of  eflertmt  motor  neiA'es  (physostigmin,  aconitin);  or  by  reflexes 
from  strong  a^ercnt  stimulation;  or  by  stimulation  of  the  motor  centers 
in  the  cord,  mcdiUla  or  brain,  cither  directly  by  the  drug,  or  as  a  result  of 
asphyxia,  etc.  These  produce  different  types  of  convulsions.  Spinai 
ccmulsioHs,  as  typitied  by  strychnin  and  caffein,  are  generally  symmetrical 
and  when  fully  developed,  tetanic  (i.e..  the  contractions  are  maintained). 
MeJuilary  comyuishns  (picroloxin,  camphor,  asphyxia)  are  more  irregular, 
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asynuortrical  and  clonic  (rapid  tntermissions).  Cerebral  convulsions 
fabsinthe)  are  of  the  epileptic  type,  irregular,  often  involving  only  limited 
groups  of  muscles. 

C6Q\'uUions  are  usually  the  result  of  extreme  stimulation  of  the  motor 
caters,  and  &&  such  arc  mainly  of  toxicologic  interest.  Smaller  doses  of 
lliese  drugs,  however,  may  Ur  used  for  therapeutic  stimulation;  their 
KtTon  often  extending  to  other  nervous  centers,  and  exciting  the  respira- 
tory and  vasomotor  centers. 
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STRYCHNIN  AND  NOX  VOMICA 

General  Statement. — Strychnin,  the  main  alkaloid  of  Nux  Vomica,  has 
nosiderable  therapeutic  and  tcxicologic  importance.  It  increases  the 
rffltxexcitabihty  of  the  spinal  cord  and  of  the  medullary  centers.  The 
Wion  is  chiefly  on  the  dorsal  gray  matter  of  the  cord. 

Therapeutic  doses  produce  a  'bitter''  and,  therefore,  tonic  effect  on  the 
ilnomtary  canal;  improved  tone  and  nutrition  of  muscle;  and  a  limited 
mount  of  respiraion,*  and  vasomotor  stimulation. 

Toxic  doses  cause  characteristic  tetanus,  violent  changes  in  blood 
pccssure,  and  spasmorllc  respiration.  Death  occurs  from  asphyxia  and 
itoa  the  paralysis  which  succeeds  the  stimulalions. 

Actions  closely  resembling  those  of  strychnin  arc  produced  by  a  num- 
ber of  other  allcaloids,  which  have  little  practical  importajice.  The 
*cti«tt  of  tetanus  toxin  are  ver>*  similar. 

DttcripCion  of  the  Motor  Effects.— The  principal  symptoms  of  str>*ch- 
m  poisoning  in  all  vL-rlebraU-  animals  arc  referable  to  modified  and  in- 
reflex  excitability  of  the  spinal  cord,  culminating  in  symmetrical 
ions  and  tetanus.  The  motor  reBexes  are  modified  so  thai  smaller 
itimult  are  effective;  and  the  response  even  (o  slight  stimulation,  Is  maxi- 
Biil,  tel&nic,  and  tends  to  spread  to  all  the  muscles.  There  is  also  a 
nversal  of  inhibitor}'  into  augmentory  reflexes,  so  that  the  reciprocal 
•ttion  of  antagonistic  muscles  is  disturbed. 

The  symptoms  in  man  correspond  to  those  in  the  lower  vertebrates. 
With  small  doses,  there  is  merely  a  greater  response  to  stimulation,  and 
tile  muscles  feel  somewhat  more  taut.  As  the  dose  is  increased  to  6  or 
;  tnf ,  in  men,  5  or  6  mg.  in  women  (Hartenberg,  icji.?)*  Ibis  tightening 
WcRiHat  more  sensible,  especially  in  the  neck  and  jaws;  the  movements 
ttCDmc  rather  abrupt;  and  slight  twitchings  may  appear  in  the  individual 
oxades,  often  in  the  little  linger.  (In  case  of  paralysis  from  a  high  lesion 
(^wplexy),  the  paralyzed  muscles  may  be  the  first  io  react  since  they  are 
Wnoved  fn)m  the  cerebral  inhibitory  impulses.) 

CoQTulsant  Effects. — With  toxic  doses,  these  symptoms  are  promptly 
"Weeded  by  sudden  convulsions,  usually  following  some  stimulation; 
« ihe  premonitor>'  symptoms  may  be  absent.  The  attack  may  start 
*ith aloud  cr\*.  which  is  usually  caused  mechanically,  by  the  convulsive 
'iwtmenl  of  the  air,  rather  than  by  pain.  The  convulsions  involve  all 
l^wjlunlar)'  muscles  of  the  body,  including  the  diaphragm.  The  movc- 
™on»  arc  at  first  rapidly  intermittent,  but  become  promptly  tonic, 
■^ttng  in  a  t>pical  tetanus.  Since  all  the  muscles  are  contracted,  the 
<«nTilMons  arc  symmetrical,  and  the  body  assumes  the  position  corrc- 
9cni£ngtothe  stronger  muscles,  which  inmost  situations  arc  the  extensors. 
Accwdiiigly,  the  body  is  arched  backward  (opisthotonus),  so  that  the 
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patient  may  touch  the  ground  only  with  the  head  and  heels.'  The  legs 
are  adducted  and  extended,  the  feet  curved  inward.  (A  frog  may  be  held 
horizontally  by  the  feet.)  Tlie  arms  are  either  strongly  flexed  over  the 
chest,  or  rigidly  extended,  with  the  fisls  balled.  The  jaws  are  fixed,  and 
foam  gathers  at  the  mouth.  The  fixed  diaphragm  and  llie  tense  tlioracic 
and  ^dominal  muscles  arrest  respiralion.  The  skin  and  mucosae  are, 
thtTiiore,  cyanotic  and  congested;  the  eyes  protruded,  evolved;  and  the 
pupils  dilated.     The  pulse  is  small  and  tense,  often  imperceptible.    The 

[mtieiU  remains  perfectly  conscious,  and  suffers  severe  pain  from  the 
ent  contractions.    The  asphyxia  may  be  fatal  in  the  6rsl  attack.     Mi 
commonly  there  is  a: 

Rjemission-— The  tetanus  lasts  perhaps  a  minute,  then  the  m 
relax,  and  the  patient  passes  into  a  greatly  depressed,  ahnost  paralytic 
condition,  still  perfectly  conscious  and  very  anxious  and  oppressed,  with 
dry  throat  and  thirst,  sometimes  sweating.  This  intermission  lasts  at 
most  ten  or  fifteen  minutes,  when  there  is  another  attack,  usually  again 
following  some  slight  stimulation.  If  this  is  not  fatal  by  asphyxia,  it  is 
again  followed  by  remission,  and  so  on,  the  whole  sequence  being  repeated. 
The  remissions,  however,  become  progressively  shorter,  the  spasms 
become  weaker  and  the  paralysis  more  prominent. 

Dftiih  occurs  usually  in  the  interval  after  the  second  to  fifth  attack, 
from  exhaustion  and  general  depression.  It  may  be  preceded  by  asphyxial 
coma. 

Recovery  may  occur  fram  sublethal  doses,  or  under  appropriate  treat- 
ment, the  convulsion.^  and  dcpres.sion  di.sappearing  gradually.  Animals, 
however,  have  been  observed  lo  relapse  into  fatal  convulsions  several 
hours  after  apparently  complete  recover},'  (Sollmann),  so  that  patie: 
should  be  watchetl. 
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Drprndence  of  CfmvtJsiont  vn  Rrfirt  Siimuialion.—la  ihc  lighter  grndcrs  of  str>'chiiiii 
potsotitng,  the  convulsions  occur  only  on  reflex  stimutation.  In  the  severe  grades,  they 
iirv  often  apiMinmtly  spunlantrous;  but  t-\'cn  faerv  iKcy  arc  really  reilcx>  due  to  slijtht  and 
accident.il  <ienftor>-  stimulaiions.  litis  U  shown  by  the  fact  that  fonpuisions  do  ho$ 
occur  spirnltinfousiy  if  aii  sensory  imfressioHs  err  brcvfnted  from  reaching  the  spinat  atrd, 
as  by  dividing  all  tnc  posterior  rni>ls  in  frogs  [Hermann  ^(eye^,  1846);  togethcrwiUi 
the  mt-dulla  (HcrinR,  1S93;  Verworn,  1900);  or  by  placing  the  frog  in  a  very  weak 
cocain  sotution  (PouUson,  1889). 

Different  Forms  of  Stimulation.— Practically  all  kinds  of  sudden 
sensor>'  stimulation  may  provoke  tJie  convulsions.  The  skin  is  especiatlv 
sensitive,  even  to  the  slight  jars  produced  by  heavy  walking.  Sudden 
light  and  sound  arc  also  dangerous.  Gradual  stimulation  is  much  less 
effective  (as  with  all  reflexes),  so  tliat  a  patient  may  support  considerable 
hut  deliberate  manipulation,  as  for  instance  artificial  respiration;  when  a 
slight,  but  abrupt  or  unexpected  touch  would  cause  an  attack. 

SlimntalioHcf  t&t  exposal  inlcttines  docs  ootaLUse&mvvhiom.finre  Ihnc  are  poor 

in  sens^iry  fibers. 

Chemical  sUmuiatum  (the  application  of  dilute  acidit)  not  only  fails  to  produce 
telunii!«.  but  even  the  norma!  redcx  is  greatly  diminished  (Schiiclc.  ili^o).  The  absence 
of  tetanus  is  cattily  explained  beciuse  tnc  slow  penetration  of  the  acid  leads  lo  a  gradual 
in.stead  of  abrupt  stimulation.  The  various  explanations  of  the  diminished  reaction 
are  mainly  hypothetical  (Baglioni,  iqoo  and  1909;  Sana,  I908). 

Simple  and  Crossed  Refiexey. — The  effects  of  str>'chnin  are  rebtively  greater  (i.*, 
the  threfhotd  is  lowered  more)  for  ihe  crosse*!  or  IcK-arm  rcBexes  tliitn  for  simple  un- 
crossed   rcQcxes,  apparently  because  the    excitability  in    simple  paths  b  normsUy 

■  The  oppocite  potitioii.  body  bent  forwmrd.  conatltutca  ' '  eBoproathwoa ■*." 
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itnif  so  hi^h  that  it  con  not  be  materially  increased  by  strychnia.  Therefore, 
tkt  Mryduun  increase  of  excitability  is  better  marked  in  the  more  difficult  complex 
Btla,  whtre  leverU  synapses  interposetl;  or  when  the  normal  threshold  has  been  raised 
n  dher  or  asphyxia  (E.  L.  IVrtcr,  IQI4,  1915).  The  excitability  i^  increased  for 
dl|lc  induction  uiocks,  a.>>  well  as  for  interrupted  stimuli  (v.in  Lecuwcn,  IU13). 

Tit  iiadifictUion  0/  iMf  Short  ReaciioH  of  Ordinary  Rfifxts  into  ikf.  Prolonged  Cett- 
Ittdimi  ff  Slryckmin  TfUinus.^ll  might  be  supposed  that  thcslrj-chnin  tetanus  b  due  to 
tkrnfflmatun  of  repeated  stimuli;  each  muscular  contraction,  by  the  movements  of  the 
fadaa  and  joints,  sets  up  a  [rcsh  rcllex,  these  rapidly  succeeding  .stimuli  {using  into 
ilrbUiic  contraction  which  |K'rsisti^  until  the  nerve  centers  are  exhausted  (Ru;;1i(>ni, 
i«n].  However,  there  is  good  evidence  that  this  is  not  necesur>-.  but  that  the  tetanus 
Iiblict  a  true  multiple  response  tu  a  nnj^/e  stimulus:  Fur  it  occurs  also  if  all  rcQexcs 
bat  tfae  orifnnal  single  stimulus  arc  cxdudcd;  /.>.,  tetanus  iHrcurs  in  a  \c^  with  a  single 
Mimaliis  of  its  divided  sensory  ner%'cs,  the  rcm.Yindcr  of  the  animal  beiof;  curarized 
(VoB.  1013:  Buchanin,  igii;  lienkcl.  1013).  The  spinal  sUmuli.  in  strychnin  tetanus. 
aKh  iHc  muscles  iit  (he  rate  of  $0  per  w-conrl  (F.ihrenliamp,  toi<)- 

Elrinj^on.  IQ14,  concludes  that  the  strychnin  action  consists  in  greater  sensitiveness 
ttthennlral  receptor  cetb;  not  la  greater  spread  of  the  impulses,  or  in  greater  Inleosity 
ol  the  iflercnt  impulses. 

lUversal  of  Reciprocal  Innrrvation. — The  modification  of  the  reflexes 
bySln-chnin  is  not  merely  quanliialive,  but  also  qualitative.  Shenington 
(iwS  to  iQoo  I  showed  that  in  a  normal  animal^  the  contraction  of  a  muscle 
ii  accompanied  by  the  automatic  relaxation  of  its  antagonistic  muscles. 
Tlir  reciprocal  reflex  is  destroyed  by  such  substances  as  strychnin  and 
C&lofxifonn.  With  strychnin,  all  reflex  stimulations  result  in  simultaneous 
cooinction  of  all  the  muscle:^,  including  the  antjignnist;  whilst  with  chloro- 
Wm,  they  result  in  simultaneous  relaxation.  (The  vasomotor  system 
pcwetils  analogous  phenomena,  Bayliss.)  The  work  of  de  Barenne 
iqooicd  tinder  "Lotalizalion")  shows  other  qualitative  changes  in  the 
iutKlion*  of  the  senson'  cells. 

location  of  the  Tetanizing  Action. — ^The  distinction  between  the  pos- 
sible ales  of  convul.sant  aciiun  furnishes  interesting  illustrations  of  the 
{CBtnl  methods  of  experiniental  pharmaculugy.  Most  of  these  experi- 
Bcnis  cut  be  carried  out  more  conveniently  on  frogs;  but  they  can  also 
he  denwn-strated  on  mammab. 

rke  Action  h  Localized  in  the  Spinal  Cord. — This  can  be  easily  shown 
Inr  exclusion :  {a)  The  peripheral  motor  apparatus  is  excluded  by  section 
<i  the  nerve  trunk,  which  arrests  the  convulsions  in  the  corresponding 
luudn  (Johannes  Mueller,  1S44).  Conversely,  no  convulsions  mil 
«oir  if  strychnin  i^  injected  directly  into  a  muscle — say  the  leg;  provided 
th>i  the  le^  is  first  ligated  so  that  the  poison  can  not  reach  the  general 
OKubiion.  (b)  If  this  exporimenx  is  modified  so  that  the  nerve  is  not 
indoded  in  the  ligature,  the  absence  of  convulsions  will  also  prove  that 
Vychnin  does  not  aflfect  the  peripheral  sensory  apparatus  (Magcnilie, 

[e)  The  hratn  and  medulla  oblongata  arc  not  essential  to  Ihe  conxtilsions, 
ht  these  occur  in  frogs  in  which  these  centers  have  been  destroyed. 
it}  The  bosterior  root  f;unglia  are  also  twt  concerned;  for  t^^jical  tetanus 
oabc  ootained,  by  direct  stimulation  of  the  cord,  when  all  the  posterior 
*wi»luve  been  cut  in  frogs  (Hermann,  1S46;  V'crwom,  1901);  and  in  dogs 
*'W  when  the  afferent  libers  from  these  ganglia  have  completely  degener- 
U«d  after  section  (Sherrington,  iSgS).  Nor  does  the  localized  application 
^  itncbnin  to  the  exposed  posterior  root  gangUa  produce  any  eflecls 
W  Barenne,  iqio). 

if)  AciioH  on  Ihe  Spinal  Cord.— It  is  evident,  therefore,  that  the 
■rychnin  action  is    located    somewhere   within  the  spinal  cord.    The 
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next  question,  whether  it  acts  on  the  sensory  or  on  the  motor  tracts,  or 
on  both,  has  not  been  conclusively  answered,  although  it  has  been  the 
subject  of  much  ingenious  investigation.  At  present,  it  appears  that 
both  the  motor  and  sensory  portions  of  the  cord  must  be  poisoned,  to 
obtain  the  tj-pical  strychnin  convulsions. 

Methods  of  Aaatomical  Isolation. — The  basic  experiments  in  this  direction  wete 
made  by  HermanQ  Meyer  in  1S46:  after  cutting  away  the  entire  posterior  column^  of 
the  spinai  cord,  he  found  that  strychnin  doca  not  produce  tetatiu&,  even  if  the  remaining 
cord  is  touched.  If  the  iiblalinn  is  confinnl  to  a  purl  of  the  cord,  the  torrt-sponding 
muscles  do  not  participate  in  the  convuLsionfi.  This  seemi  to  indicate  that  the  action 
\i  Located  in  the  posterior  and  not  in  the  anterior  column-<.  However,  as  pointed  out 
Ijv  Vtrworn,  iQ'OO.  the  proof  is  not  contlusivc,  for  the  operation  produces  too  much 
shock,  and  besidt<,  destroys  all  the  phyMological  relation.^  of  the  motor  cells.  Similar 
obicctions  apply  to  all  anatomical  methodii,  so  that  these  can  not  furnish  conclusive 
evidence.     It  w.ns  therefore  nece*^ary  lo  have  recourse  to  ph>'»iologica1  means. 

IfOcalized  Applicatioa  of  Strychoin  to  the  Spinal  Cord. — Huughlon  and  Muirhead. 
1895,  bifsiiig  tln^iiisi-lvL-s  o!i  the  earlier  ami  innwrfect  work  of  A.  J.  SfJcnce.  iW»6,  at- 

templed  to  utilize  the  fact  that  impulses  from  the  sen- 
sory cells  of  the  cervical  scRincnls  of  the  cord  to  the 
motor  cells  of  the  caudal  segments,  and  ticc  vrna.  By 
destroying  the  circulation  and  applying  stn-cbnin 
locally  to  the  exposed  cord  it  is  thcrelore  pa»-4ble  to 
maice  impulses  pass  cither  through  a  pmsoncd  sen- 
sory cell  to  an  unpoisoneil  motor  cell;  or  through  an 
unpoisoncd  sensory  to  a  poiaoned  motor  cell.  In  Ktg. 
4  the  strychnin  is  supposed  lo  be  restricted  to  the 
cervical  half  of  the  cord.  , 

The   path  goes    through  a  poisoned  «eo- 
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sory  to  an   unpoisoned   motor  cell;  the  path 

^  —  through  un  unpoisoncd  sensory  to  a  poisoned 
motor  cp!I.  When  ine  foreleg  is  stimulates  in  this 
frog,  the  hindleg  participates  in  the  convulsions. 
When  the  hindleg  is  stimulated,  there  is  no  convulsion. 
Analogous  observations  have  been  made  on  mam- 
mals (Ryan  and  McGuigan,  1911);  on  frogs  with  the 
sensory  paths  paralyzed  by  phenol  (Baj;l>oni.  1000); 
and  on  the  cxctscd  nervous  s>'stem  of  toads  (Bag- 
tioni,  igoQ}. 

Thc^e  results  were  interpreted  as  proof  that 
stryctmiD  act>i  essentially  on  the  sensory  mechanism  of  the  cord,  and  that  the  motor 
cells  werf!  at  be&t  uoessentiaJ:  Cor  convulsions  appeared  vrhcncver  the  impulse  oasscd 
through  a  poisoned  !H:nsor>'  cell,  even  though  trie  motor  cell  be  unpoisoned;  wnereas 
no  convulsions  appeared  wben  the  sensory  ccUs  were  not  poisoned,  even  though  the 
motor  cell  was  poisoned. 

However,  these  results  are  obtained  only  when  the  cervical  cord  is  poisoned.  If 
the  strychnin  is  applied  lo  the  lumbar  cord,  the  convulsions  do  not  spread  at  all'to  the 
cervical  segments,  but  remain  confined  sirictly  to  the  poisoned  area  (McOuigan  and 
Becht,  1914).  Furthermore,  if  the  entire  animal  is  poisoned  by  small  doses  of  strj'cbntn, 
the  same  phenomena  arc  obscr%'eil  as  in  the  I fouKhton- Muirhead  cspcriement;  namely, 
minimal  stimuli  applied  to  the  forelegs  produce  general  convulsions,  whereas  the  same 
stimuli  applied  to  llie  hindleKS  produce  onlv  local  contractions.  The  KauKhlon- 
Muirhead  phenomenon  may  therefore  be  explained  by  the  more  easy  ^reading  of 
impulMS  in  the  caudal  than  in  the  cephalic  direction.  (The  entire  subject  b  reviewed 
by  Mc<Juigan,  Keeton,  and  Sloan,  igi6.) 

Biirriine.  tqii  to  ii>ij.  adduced  some  new  facts,  hy  strictly  localized  appUcn- 
tion  of  ■strychnin  to  the  exposed  spinal  cord  of  frogs  and  dogs  he  finda: 

1.  WTien  the  apiilication  is  restricted  to  the  ventral  surface  of  the  cord,  no  percep- 
tible symptom.s  arc  produced. 

I.  When  it  is  restricted  exclusively  to  the  dorsal  surface,  there  is  no  tetanus;  but 
instead,  a  characteristic  syndrome,  compristrij;  sensory  disturbances  (paresthesias), 
increased  reflexes,  and  incoordinate  asymmetrical  iwilrhings.  These  "dorsal  symp- 
toms" are  sharply  localized  on  the  skin  according  to  the  level  and  side  of  application 
to  the  cord;  the  skin  areas  being  identical  with  the  "demalomata"  defined  by 
anatomic-physiolnnic  isolation  methnd^.  They  occur  even  after  the  diWsion  and 
degeneration  of  the  poiiterior  root  fibers. 
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J.  Typical  tetanus  occurs  only  if  both  the  sciuor>-  and  motor  tracts  art  poisoned. 
fj^ii  [nc  Mr>xhnin  i>  applied  dorsally  lu  the  arm  region,  and  vcotralty  to  tlie  teg  re- 
IJSB,  iheo  stimulation  of  the  leg  cau&es  only  normal  reflexes  (unpoi&oncd  ttcnsory  to 
piiHKd  motorf;  stimulation  of  the  arm  causes  tetanus  of  the  legs  ^poisoned  Mnsory 
loiraioaed  motor]  in  which  the  arms  do  not  partici[>atc  ( [Kiisoned  sensory  tounpoisoned 
Ktor).  This  experiment  (which  was  confirraed  by  Beritoff,  191.5)  would  indicate 
ifaal  Mh  thfkc  eosory  and  motor  cclU  mu^l  be  poisoned,  to  obtain  liic  typical  tetanus. 

ilolur  Cortex. — The  cerebral  moti>r  centers  react  to  the  direct  application  of  Btrydi- 
liitUKl  alKi  to  picrotoxin)  by  increased  excitability  to  electric  stimulation,  and  even 
hrihjthmii:  apontaiieiius  movements,  identical  with  those  which  wuuld  be  induced  by 
(Metric  stimulation.  The  action  la  not  abolished  by  deep  anesthesia  (Blckcles  and 
2b]n*emki,  1913).  It  is  localized  in  the  gray  mattter,  for  it  disappears  on  ablation 
[Bi^on  Hod  Ma;gnini,  igo9). 

Tbe  "silent  area  "  of  the  brain  doe«  not  respond  to  the  local  application  of  strychnin 
lAooDtca.  iQij). 

fiytkic  CtHtrrt. — These  are  evidently  not  afiectcd  by  strychnin,  unce  coiuctousiteu 
i(Mt  disturbed  until  the  onset  of  a^pbyxial  coma. 

Practical  Significance  of  the  Location  of  Strychnin  Action.— The  loca- 
tioiiof  the  tclanizing  action  of  strychnin  in  ihc  spinal  cord  is  not  only  of 
aperimental  interest,  but  also  of  practical  importance.  It  explains,  for 
iaaance,  why  strychnin  convulsions  arc  abolished  by  cuirare,  since  curare 
Uocks  impulses  from  the  cord  to  the  muscles.  Also,  that  strychnin  has 
ftitroager  action  on  a  paralyzed  limb  in  those  cases  of  paralysis  in  whidt 
ikksioD  is  above  tbe  cord,  for  cutting  off  of  the  spinal  cord  from  the  brain 
ihfay*  increases  its  rellex  excitability. 

The  fact  that  strychnin  in  small  doses  increases  the  tam  of  mitscles  is 
akodue  to  its  heightening  the  reflex  excitability  of  the  spinal  cord.  Not 
oaly  the  convulsive  centers,  but  other  spinal  centers  arc  put  in  a  condi- 
liot  more  favorable  to  reflexes.  It  is  in  this  way  that  strychnin  is  useful 
id  impotence  or  in  paralysis  of  the  bladder  or  other  sphincters,  when  these 
ucduc  to  lowered  actiWty  of  their  respective  spinal  centers. 

bullet  Results  of  the  Motor  Actions. — The  increased  acti\ity  of  the 
atBclcs  brings  about  sevt-ral  stTondary  results,  such  as  pain,  asphyxia, 
iKrctsed  metabolism,  disturbance  of  temperature,  tendency  to  rise  of 
lifcod  pressure  and  quickening  of  pulse;  early  postmortem  rigor.  The 
xspb>'xia  in  turn  produces  its  characteristic  phenomena. 

Mb.— Stnchnin  convulsiocu  are  extremely  itainful,  just  as  any  other  form  of  muscle 

■MAoUsm.— The  increased   muscular   tone  or  convulstoiu   result  in  Increaied 
iMMBption  of  ox>-gcn  and  output  of  carbon  dioxid,  and  increased  use  of  glycogen. 
Hiiiflaeue  of  coseuus  mctalNillsm  is  obAer%-ahle  even  with  therapeutic  doses  (Edsali 
[VlUeaas,  1914).     The  a:^phyx::i  mil  also  cause  h>pen;lyccmia  and  glycosuria. 

Bket  oi  Convulsants  on  Temperature. — .\11  ci>n\'u1«ant  poisons  (santonin,  picro- 
talB,  itryclinin}  produce  characteristic  changes  in  heat  rceulation.  Small  doses 
<UR  increased  beat  loss  and  a  slightly  smaller  heat  production.  Larger  doses 
oae  lAiressMl  mctalxilUm,  through  muscular  action,  and  hence  increased  heat 
Mdwtion.  which  is  accompamcd  by  a  further  increase  of  heiit  loss.  Paralytic 
Aim^nunKh  the  heat  production  \ery  greatly.  The  lemperulure  is  accordingly  vari- 
*^.  Small  dcKes  tend  tu  lower  it;  m>xlcrate  convulsive  doses  would  increase  it; 
Wilytlc  doses  lower  tt  greatly.  The  heal  loi»  is  particularly  conspicuous  in  small 
■*■!  young  anhnab,  whilst  larger  animals  tend  to  show  a  rise  of  temperature,  with 
nedime  Aoies. 

.    I*flic  Acid. — Strychnin  and  other  conx-ulslons  cause  the  appearance  of  lactic  add 
"^IbeUogd,  prtn-ided  that  the  glycogen  store  U  adcquau  (Luek,  1916). 

Stir  Vomica. — The  preparations  of  Nux  Vomica,  and  its  second  alka- 
**^  brocin,  act  essentially  like  strychnin. 

^^■J*";— The  action  of  brucin  b  much  weaker  than  that  of  strychnin,  the  ratio 
•■Owf  fcitli  dtfiereot  animals.     The  paralytic  and  curare  effects  are  lelativdy  stronger 
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(rKcmbling  methyl-strychnin),  so  that  Bnictn  is  less  useful  therapeutically  {rf.  Diion 
and  Harvey,  looS). 

Brom-Sbrydliuiu. — The  two  moao-brom-strj'chnins  act  similaily  to  strj'chnin,  but 
are  nnly  'y  or  'q  as  effectivf.  Dibrom-slr>-cnrun  is  also  coRvulsaot,  but  io  frog)>  il 
produces  jnainly  the  curare  effect  (C.  R.  Manthall,  1913). 

Other  Spinal  Convulsants. — Spinul  tetanus,  in  every  respect  simitar  to  that  of 
strychnin,  is  produced  by  caffein,  thehain  (an  opium  alk.i[(>id).  (^ehemin,  c^iUbarJn  an<l 
hydrastin,  etc.  It  is  also  a  late  phenomenon  in  morphinizcd  froKs.  Tetanus  toxin 
likewise  inrreiwcs  t^pinal  tctanu:^,  the  minor  differpncfts  being  due  mainly  to  peculiarities 
of  ab^vorption  [Froc-hlit:h  and  Meyer,  i^'S). 

The  CoitvuJtattl  Arltim  »f  Sulphonaied  Dyrs;  Inhibitory  Action  of  Cfreirum. — Acid 
I'uchsin  (Barbour  and  Abel,  igio),  and  other  water-soluble,  neurophilic  sulphonaied 
dyes  (Macht,  19 1;),  produce  strj'chnin-likc  convulMons  in  frogs.  In  normal  IrogN  the 
tetanus  occurs  oiJy  iifler  a  long  latent  period  (up  Io  twenty  hours),  and  requires  rcli- 
tivcly  large  doses.  If  the  anterior  third  of  the  cerebrum  k  removed  (either  before  or 
after  the  injection),  the  convulsions  occur  much  more  promptly  (within  thirteen  mifl* 
utes).  ami  very  much  smaller  doses  (Ho  to  Ho)  suffice.  The  anterior  cerebnim  therefore 
exercises  a  strong  inhibitory  effect  on  the  con\nilsaDt  action  of  these  drugs  (much  less, 
if  any,  on  other  convulsant  poi^nns).  With  tlie  cerebrum  iulact,  the  latent  period  is 
also  shortened  by  voluntary  fatigue. 

Cardirclomizfd  Frogs. — Joseph  and  Mcltzer,  Igit,  found  that  the  late  convulsant 
action  of  add  fuchsin,  and  of  morphtn,  could  be  greatly  hastened,  and  thai  a  ver>-  much 
smaller  dose  would  »uBicc.  in  frop  in  which  the  heart  had  been  tied,  the  circulntion  of 
the  blond  being  thuH  arrested.  According  to  Abel,  ttfit,  thi^  interesring  ub^ervalioD  is 
explained  bv  tlic  peculiar  distribution  of  the  poison.  The  ligation  of  the  heart  prevents 
lhedissipal]nn  of  l]ie|>oi<unin  the  body,  and  the  anterior  lymph  hearts  drive  the  solution 
directly  into  the  communicating  vessels  of  the  central  ncr\*ous  system.  This  is  there- 
fore exposed  to  a  much  more  concentrated  dilution.  At  the  same  time  the  interrup- 
tion of  the  normal  circulation,  and  the  parti.1l  asphirda,  increase  the  sensitiveness  of 
the  ncrs'ous  s\'stcni  to  convulsants;  for  the  outbreak  of  these  b  hastened  even  if  the 
heart  is  exruted  uflcr  the  drug  has  been  injected.  Mcttzer,  however,  does  not  accept 
this  explanation. 

Carbffn  Woxid. — TJiis  also  f^reatly  hastens  the  convul^ons,  when  lis  teiuioQ  in  the 
air  exceeds  JO  jicr  cent,  (Joseph,  iqis)-  The  gas  also  lower*  the  threshold  for  str^th- 
nin  convulsions  (Hlchcr  and  SoHmann,  IQ15). 

Therapeutic  Use  of  Strychnin  in  Paralyses. — Strychnin  and  nnz 
vomica  arc  used  to  preserve  muscular  nutjiiion  in  paralysis  from  func- 
tional ncuritcs  and  high  lesions;  to  raise  ihc  lone  of  the  rectal  and  vesical 
sphincters  in  incontinence  of  urine  or  feces;  to  improve  the  effects  of 
cathartics,  especially  in  atonic  constipation.  It  is  also  used  (but  is  of 
doubtful  value}  in  sexual  impotence.  Most  of  these  uses  have  been  dis- 
cussed in  ihe  text. 

Poraiylic  Dimrdm. — It  should  be  remembered  that  strychnin  onl^  increases  the 
excitability  of  existing  structures.  It  must  therefore  be  useless  in  organic  leuons  of  the 
cord.  In  spastic  paralysis,  and  in  inQainmutor>'  conditions,  it  would  bt*  conlraiadicated- 
Moderate  rinses  (i  tn  a  mg.,  three  times  a  day)  may  be  useful  in  functional  depression 
of  the  cord  (lead  poisoning,  or  sometimes  in  diphtheritic  paralysis);  but  its  main  indi- 
cations are  for  nuiintjiining  the  niuMubir  tone,  and  tlicrvby  preventing  muscular 
atrophy  whilst  awaiting  the  repair  of  cerebral  lesions  (apoplexy);  but  it  must  be  re- 
membered Uiat  [urge  doiCA  of  strychnin  may  bring  apoplectic  attack:)  in  predis- 
posed [Mtients.  The  trophic  eflfect  should  be  supported  by  massage  and  electricity. 
Strj'chnin  is  also  said  to  lessen  the  pain  of  some  oiner  paralyses. 

Inconiinmft'  oj  Urine. — Strychnm  would  be  useful  only  if  the  incontinence  is  due  to 
atony  nf  the  sphincter;  if  due  to  overaction  of  Ihe  detrusor  urime,  the  indication  would  be 
for  atropin. 

Sexual  tmpolmcf. — The  spinal  stimulation  of  strychnin  would  be  useful  theoret- 
ically; in  tact,  however,  the  condition  requires  either  suggestion  or  s>'Stematic  general 
tonic  Irralmrnt.  The  rvpuled  specific  iicr\'c  ionics  (phosphorus,  etc.)  act  mainly  aft 
general  tonics;  wbiJst  other*  (danuana,  zinc,  yohimbin)  act  mainly  by  suggestion. 

MedtiUary  Actions  of  Stxychnin. — These  are  analogous  to  its  effects 
on  the  spinal  cord,  consisting  in  a  more  or  less  violent  and  convulsive 
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Linggeration  of  the  reflex  excitability,  particularly  of  the  respiratory  and 
vasomotor  centers,  followed  by  paralysis  with  toxic  doses.  These  effects 
ire  more  or  less  modified  by  the  coexistence  of  asphyxia. 

These  medullar>'  stimulations  are  very  marked  and  violent  with  con- 
vulave  doses.  With  therapeutic  doses,  they  are  so  slight  that  they  can 
DM  be  demonstrated  with  certainty,  either  clinically  or  experimentally. 
The  therapeutic  use  of  strychnin  as  a  respiratory  or  circulatory  stimulant 
iherefore  rests  on  a  very  insecure  basis.  It  was  doubtless  due  mainly  to 
ihc  aacritkal  transfer  of  the  results  of  convulsive  doses  to  therapeutic 
doses. 

Therapeutic  Doses  on  the  Circulatioa. — ^Thcse  produce  cither  no  effect 
ifcateviT,  or  a  very  slight  (10  to  20  mm.)  rise  of  blood  pressure,  fairly 
idl  Misiained.  The  rise  is  rather  more  marked  in  the  diastolic  pressure. 
Dirtct  observation  of  the  \Tisomotor  center  may  also,  but  exceptionally 
ffaow  a  slight  and  doubtful  stimulation ;  but  in  asphyxia,  the  samedoses  (0.05 
fflf.  per  kg.)  cause  intense  vasomotor  stimulation  (Pilcher  and  Soll- 
aatui,  1915).  These  effects  (aside  from  asphyxia)  are  so  inconstant  and 
uoftll  that  thev  could  be  accidental.     The  cardiac  contractions  are  not 
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Hni.   s.^-ConvnUlve  dotes  q(  fttrycfanin  on  Uood  prtmuni. 

Clinical  observations  on  the  blood  pressure  and  heart  rale,  in 

in  various  diseased  conditions  (cardiac  diseases,  fevers,  etc.), 

amilarty  negative  or  inconclusive  results,  even  when  rather  large 

*  C'io  gr.  every  hour)  were  used  (Cabot,  1904;  Parkinson  and  Row- 

I«w!4,t9nandi9i4;Neuburgh,  1915;  Lucas,  1914).     The  positive  resullsfof 

Cook  and  Kriggs,  1903,  and  of  Marvin,  1915,  must  therefore  be  viewed 

•ith  iuspicinn. 

Coimilsive  Doses.— Uliilsl  small  doses  of  slr>'chnin  have  but  little 

i9«t  on  vhc  rirculation,  con\Tilsive  doses  cause  very  conspicuouschanges; 

*^P<*ialIy  a  large  rise  of  blood  pressure,  due  to  central  vasomotor  stimula- 

h^  produced  mainly  by  the  direct  action  of  strychnin  on  the  center; 

"«^a*dcd  bv  ihe  convulsions    and  asphyxia.     This  is  followed  by  vaso- 

*««'■  depression. 

f^  r^l^Secb  ue  synchronous  with  the  convulsions:  the  l>'p)CAl  course  u  fthown  in 

— ^4  the  QDscl  of  the  irrcgutar  ip<iimi  al  (b)  the  mean  pressure  rises  (central 

'ittiNlition),  the  heart  bdag  slowed  and  strengthened  (central  vtgMt.  atimu- 
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lation).  During  the  UlcnitJ  (c),  the  prt^^ure  'a  very'  high  (intense  stimulalion  of  vaso- 
motor center),  the  heart  beats  arc  latter  and  smaller  (reflex  vagus  depression,  maialy 
through  muscular  exertiun).  As  •'the  tetanus  disappears  (d)  the  pressure  falls  below 
ttormal  (central  va-wmotor  paraly&is),  and  the  heart  bent^  become  very  &lonr  (inlctu>c 
vagus  stimulation,  mainly  aspbyxial).  Tbc  pbcnomcoa  b  to  d  are  repeated  during 
each  spasm. 

As  death  apl^roachfs,  and  the  respiration  stops  permanently^  the  preuure  remains 
Kiw.aiid  lliE^  hfurt  beuis  rapidly  but  wnikly  (total  paralysis  o?  vasomutur  und  vagus 
centers),  and  finally  stops. 

This  description  applies  almost  equally  well  to  the  effects  of  convul- 
sions produceH  by  any  other  cause;  and  particularly  to  asphyxia  (see 
Fig.  6).  These  are  both  present  in  strychnin  poisoning,  and  must  be  con- 
tributory factors.  However,  they  are  not  the  mam  cause  of  the  rise  of 
bk>od  pressure;  for  this  occurs  when  convulsions  arc  excluded  by  complete 
curarization;  and  when  asphyxia  is  prevented  by  artificial  respiration. 
Only  the  portion  (d)  of  the  tracing  is  due  entircdy  to  asphyxial  vagus 
stimulation. 

V itsnuflMor  CrrUer, — [Richer  and  .Sollmnnn,  tqi5,  found  that  the  vasomolor  center  i* 
greatly  stimulated  by  convulsive  dose*,  independently  of  the  convulsions  or  asphyxia. 
Very  large  doses  (above  I  \i\u.  per  kg.)  ileprcss  and  paralyze  the  center. 

The  Vein  pressure  which  is  also  unchanged  by  therapeutic  doses,  rises  during  tetanus, 
indicatirK  cardiac  insuBicicncy  (Capps  and  Matthews,  1913). 

Vascular  Areas. — During  ibc  5tr>'chrin  rise  of  pressure,  all  the  splanchnic  vessels 
contract,  while  those  of  ibe  skin  (Wcnhcimer  and  Belczcnne,  1S97)  and  cerebrum 


Pig.  b — AcphyiU  on  hinml  prritur*-  (Don!.  The  trachea  was  tied  at  X,  The  ra*i(i»lorT 
mbvrmenu  are  at  fint  cxOKKorailrd.  hut  tvvornr  shallow,  and  «ti)p  at  XX.  The  hcArt  stop*  «I  <f); 
but  it  ofl*n  gWt%  «  few  iBolaMd  beuts  thl  after  fatvinc  iToppcd  for  Mvcral  minut«>. 

and  Sherrington.  1890)  dilate.     The  vcsmIs  of  the  fna  mater  and  retina  are  constricted 
(Hirsthlcldcr.  1015I. 

Vasomotor  ConvulsJoas. — In  curarized  animals,  the  rise  in  lilnnd  pre»ture  occur* 

Sasmo<lically  (S.  Mayer,  1872},  and  can  be  broufjhl  on  bv  reflex  stimulation,  just  like 
e  convuNions  in  orilinar\-  animals.  The  dose  requireJ  to  produie  the  ronviilwint 
and  the  vasomotor  action  arc  ako  identical.  This  supporu  the  view  that  the  action 
ol  strychnin  on  the  medullary  centers  U  es»entially  identical  with  its  action  on  the  spinal 
centers. 

Vasomotor  Wnwjo/.— According  to  Baylias,  ligoS,  contraction  of  the  vcmcU  throuj-h 
the  vaHimotor  center  is  alwav-a  hruuglit  about  by  stimulation  of  the  vawiconstrictor 
nerves  and  simultaneous  automatic  inhibition  of  the  va.soclUators — the  reciprocal  in- 
nervation of  Sherrington.  Baylies  claimed  that  thb  is  moditied  by  strychnin  and  cfaloro- 
form  in  exactly  the  same  sense  as  with  skeletal  muscle;  and  there  is  Ihc  same  anlagnnism 
between  the  two  drugs.  The  vasoconstrictors  aic  so  much  more  pnweriul  than  the 
dilators,  that  under  strychnin,  e\'er>-  reflex  stimulation  will  cause  u  rise  of  blood  prrssurc; 
under  chloroform,  a  fall  throuRh  inhibition.  I^mglcy,  lyia,  howewr,  failed  to  conilrni 
the  *' reversal "  of  depressor  tjbera  by  str>'chnin;  small  doses  simply  increa-se  the  response 
of  the  prcMor  fibers  and  large  dow^  (lo  to  10  rag.  pet  rabbit)  produce  Ininsient  paraLl>'MS 
of  the  depressor  response,  but  never  "re\'ersal." 

tieorl. — .Amongst  clinicians,  the  upioioo  pre%'ails  very  widely,  that  strychnin  is 
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1  'tariUi  Uimuianl.'^  This  clinical  term  does  not  necessarily  imply  tliat  the  drug 
nisioUCes  the  be&ft  directly;  but  merely  Lhat  it  improves  the  puls«.  {Tht:  expression 
D  ued  so  too^ly,  that  Ihv  student  ii  advised  to  discard  it  altogether.) 

As  A  mAtter  of  fart,  strychnin  hai  no  effect  whatever  or  the  heart  in  tlierapeiilic 
dan  with  Imrti  animals,  Con\'ul»ant  doseit  cause  some  iftimulation  of  the  ventricles 
(Kinen,  1916).  (Cameron  cLitmi  increase  of  cardiac  lone  in  animals  with  0.03  mg. 
pauogimm;  but  this  lacks  con6rmation.) 

Wbcn  pcrfuMd  directly  through  the  excised  heart,  the  effects  an;  &»t  stimulant, 
tin  depreuant  (Hedbom,  Igcrsheimer,  1905);  but  the  necessary  concentratioa  could 
M  be  maintained  tM  vivo. 

Respiraiion. — In  animala,  therapeutic  doses  of  stn-'chnin  increase  res- 
piration mainly  by  acceleration  (Cushny,  1913).  This  is  due  to  increased 
adubility  of  the  center,  and  indirectly  to  the  increased  movements.  The 
iacTcase  of  respiration  is  not  alwaj'^  conspicuous,  on  account  of  the 
Tuuble  excitability  of  the  respirator.'  center.  Clinically,  it  is  practically 
ibsfnt  (Newburgh,  1914;  Edsall  and  Means,  1914;  Higgins  and  Means, 
1915,4.5  mg.  hj-podermically).  It  is  pro^umably  greater  when  the  ex- 
ciulility  h  partly  depressed,  as  in  anesthesia  or  morphin  poisoning 
(Bibcrfeid,  1904). 

With  toxic  doses,  the  respiration  is  spasmodic,  arrested  during  the  teta- 
n»; Accelerated  immediately  after;  and  depressed  during  the  intermissions. 

Therapeutic  Use  of  Medullary  Stimulation. — The  suppo!H.-d  circulatory 
md  respiratory  actions  of  strychnin  lod  to  its  use  in  collapse  (fainting, 
tntuna  and  hemorrhage;  fevers;  depressant  poisons,  alcohol,  anesthetics, 
(wl-tar  derivalivcs,  snake  venom,  etc.)  and  in  exhaustion  of  the  respira- 
tory center  (pneumonia,  phthisis).  It  is  probably  inefficient.  In  any 
cue,  it  should  be  remembered  that  it  would  be  only  a  temporary  remedy, 
ttefal  to  tide  the  patient  over  a  crisis;  it  could  not  in  itself  produce  any 
►  permanent  improvement  in  the  central  nervous  system.  It  would 
ineely  raise  the  reflex  excitability;  and  it  is  doubtful  whether  the  perma- 
[  oent  maintenance  of  this  arlificiallyraised  irritability  is  ever  of  benefit. 

T^*ww^atu  Shock. — Profound  surgical  shock  involves  a  complete  paralysis  of  the  vaso- 
jW*  ocBtcf,  auociated  with  depression  of  the  heart,  and  presumably  of  the  vessels 
MWiBiiliLi,  The  poor  circulation  causes  the  prompt  dcjec aeration  of  the  nervous 
[•■Btm.  U  which  they  can  not  rc.<,pond  to  strychnin  or  ^ny  oihcr  stimulant  (Sollmann 
itad  Pilcber,  19(4).  Even  cpineplirin,  transfusion  or  other  mechanical  means,  whibt 
^  may  lemfmrarily  restore  the  l>li«jH  prevsiire,  can  nut  restore  the  nervous  centers 
'Cnlel.    Ejmrivt  hrtnifrThagf  presents  tne  same  conditions. 

JftMT  Drifttj  nf  Collaptr  and  E.ipriinily  in  Hemorrhagr.  in  Fewrs,  and  in  InloxitO' 
'■'■t.— In  these,  the  increased  excitability  of  the  va^omotar  center  might  somewhat 
■■wutact  the  lowered  blwxl  pressure,  and  enhance  the  effect  of  other  stimulant 
■avvca  (uline  intufiua,  etc.).  Moderate  doMS  of  strychnin  (3  m^.)  are  usc-d,  pre(> 
^"^  hypodcrmically.    However,  the  clinical  studies  of  NcwburRh.  1914.  and  Lucas, 

JU,  Writ  entirely  nej^ativc.     lis  etTetts  arc  certainly  much  Ic^s  prunounccd  than  ihose 
,tK  irflex  vasomotor  stimulants  (ammonia,  alcohol,  ether,  camphor].    These  rc6cx 
"•nliflU  art  more  uitefiil  especially  for  tainting  and  temporary  m>-ocaniiaI  insufTtciency. 
/t  Heart  Diiratf  proper  strychnin  h  generally  coniraindicated,  unless  it  bo  to  ease 
4i^npaea;  e^-e^  this  effect  could  he  ^cured  hettar  by  caffctn.     Newburgh,  1914,  found 
•9«»ct  from  ,' jQ  to  i  jj)  grain  in  broken  compensation. 

tkprasaiU  E^ecls  oj  Toxic  Doses  of  Strychnin.— Hhc  medullary  and 
'piB&l  foncltons  all  show  a  curious  mixture  of  stimulant  and  depressant 
'^HM&K  to  str)'chnin;  the  stimulation  predominating  during  the  con- 
'^aotts,  ihe  depression  during  the  intermissions.  The  paralytic  effects 
I'^ttUyincrcase  as  death  approaches,  the  respiratory  center,  vasomotor 
"'Wo',  vagus  center,  and  the  cardiac  ^usclc  failing  in  about  this  order, 
uttatistion  and  asphyxia  as  well  as  the  direct  depressant  action  of 
"ntluiin,  are  important  factors  in  this  paralysis. 
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CotUributory  Faclors  in  StrychniH  P^jraiyns. — That  exliaiulion  is.  an  important  con- 
tributory factor  U  shown  by  tie  fact  tliat  life  may  be  creatly  prolonged  by  preventing 
tbe  coavulsionft  through  cmoral  or  curare.  The  prolongation  of  life  by  artitictal  r«- 
|uraUon  shows  the  contributory  action  of  asphyxia.  Hovrevcr,  iinimab  die  from  Inrje 
doMS  of  strychnin,  when  exhaustion  und  asphyxia  are  both  excluded,  in  the  miinner 
indicated.  Indeed,  the  direct  dcpr»>5ion  seems  generally  to  be  the  main  factor  (Hcub> 
n«r  and  Loewc,  igij). 

There  seenui  considerable  re^ison  to  believe  that  in  the  frag  the  ^raJy^is  of  tbe  cen- 
tral nervous  5>-5tcm  is  caused  Urgely  bv  the  failure  of  the  circulation  Ihruugh  cardiac 
Saral>'si'';  but  this  i^  not  the  mIc  cause,  tor  the  heart  is  often  still  beating  when  the  re- 
exes  have  disappeared.  In  the  case  uf  mammuK  death  usually  occum  before  Ihc  heart 
has  stopped. 

Importance  of  Treating  the  Paralysis. — It  is  imporlant  to  bear  in  mind 
that  the  convulsions  are  not  In  Uiemselvcs  the  dangerous  clement  in 
strj'chnin  poisoning.  Death  is  rather  due  to  paralysis.  Reniedial  meas- 
ures must  therefore  be  directed  not  only  agaunst  the  convulsions,  but 
also  against  the  subsequent  paralysis. 

Tflanus  aloHe  is  not  sueh  a  dangcrotis  condition.  Thus,  tetoniu  quite  sa  violent 
as  that  of  strychnin  has  been  produced,  e.g.,  by  camphor,  without  being  fata),  and  the 
very  severe  convulsions  of  traumatic  tetanus  may  last  for  weelu,  whereas  larji^  doses  of 
strychnin  may  kill  after  a  single  twitch  or  even  without  any  signs  of  convuUioni 
(death  may  then,  however,  be  due  to  cardiac  paralysis). 

Spmial  ^t^KJu.— 5lr>-chmii  (2  to  5  mg.)  increases  the  sharpness  and  6e]d  of  visioa 
for  oU  colors  (iJrcscr,  1894),  and  aluo  the  olfactory  sense.  The  sense  of  touch  is  little, 
if  at  all,  affected.  These  actions  arc  central  In  the  eye  it  act«  probably  also  on  the 
retinal  ganglion  cells,  the  clTccts  bein^  i>btainable  unilaterally  by  injection  into  the  lent* 
ptcs  or  under  the  conjunctiva.  It  has  been  employed  to  arrest  the  progress  of  optic 
atrophy  amaurosis  (Nagcl'),  sometimes  with  teni}iorary  improvement;  H  to  t  c.c.  of 
a  t^  per  "-nt.  sululinn  (1,5  to  5  mg.)  bcinn  injected  into  the  lemple. 

BiUer  and  Tonic  Actions. — Strychnin  i«i  extremely  hitter  (percepu*ble 
in  dilution  of  i  :  400,000  to  1  :  100,000,  according  to  the  senativeness  <rf 
the  observer) ,  It  shares  the  stomachic  effect  of  other  bitters,  and  is  therefore 
used  to  improveappetite  and  digestion  in  nervousdyspepsias,  chronic  gastric 
and  intestinal  catarrhs, hyperemesis, seasickness, etc., and  thus  favor  nutri- 
tion. The  increased  tone  of  the  muscles  crcatesa  feeling  of  vigor  which  con- 
tributes to  the  "tonic"  effect.  To  enhance  the  local  action,  the  tincture  of 
nux  vomica  (i  c.c.  diluted,  before  meals)  is  often  preferred  to  the  alkaloid 
(i  to  2  mg).  It  is  often  combined  with  other  tonics  (Elixir  Ferri,  Quininar 
ct  Strychnina;  Phosphatum).  If  tlie  bitter  effect  alone  is  desirc<i,  the  dose 
of  the  tincture  may  l)c  reduced  to  1  or  3  drops,  which  is  too  small  to  pro- 
duce any  central  effects. 

/n  sMsickntst  It  has  been  emp!o>'ed  a»  a  prophylactic  in  conjuTKlion  with  atropsn 
(Skinner,  N,  Y.  ilcd.  Jour.,  December,  1S93;  tiirard.  i(;o6). 

Drug  Uahil. — Tbe  bitter  and  tonic  effects  of  strychnin  make  it  a  useful  adjuvant  in 
the  trc;Ltmenl  of  chrnnic  alcoholism  and  other  dru^  habits, 

Diabelts  Insipidtu. — Strychnin  is  said  to  be  occasionally  effective  in  reducing  tbe 
poEyum.     There  is  no  pharmacologic  e.\planatioQ  for  this  action,  if  it  exists. 

/'crjj/rt/iii.  -Slrvchriin  i*.  often  UM-d  as  ;in  nddititm  to  other  cathartics  ("Aloin. 
Belliidonna  and  Strjxhnin'J  with  the  idea  of  improving  their  action,  especially  in  atonic 
constipation.  It  stimulates  the  Auerbacb  ganglia  on  direct  application  (Langlev  and 
Magnus,  igo;).  It  has  not  Ijeen  shown  whether  this  action  would  occur  in  its  thera- 
peutic use.  Hypodennically,  it  probably  has  no  direct  eUect  in  ord{nar>'  doses,  whilii 
toxic  doses  weaken  or  arrest  peristalsis  (Pollak,  igio).  Any  results  may  perhaps  be 
explained  by  increased  tone  of  the  s[dnal  centers  which  influence  intestinal  move- 
ments and  uefecatioo.  For  this  purpose,  tbe  extract  of  Nux  Vomica  is  generally  used 
<i.i  mR.  in  pills). 

Other  Peripheral  Actions, — Strydiain,  when  used  systcmically,  has  practically  t»> 
periphenU  action  on  muscle,  ner\'e,  or  glands  except  the  bitter  effect. 
■  C/.  Derby,  i(K>3,  B(«tan  Med.  *  Snrg.  Joor..  m.  soA. 
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The  Satal  apftkalum  aj  strong  soliitioHJ  paral^es  mcM>t  nen'ous  uid  muscular  tissues; 
hr  iittUac^  tbe  heart  rouble,  sujierior  cervical  fEang)ion,  striped  muscle  endincs. 
IW  bit  cflect  (eurare  oftian,  Lapicque,  1913)  alfo  occurs  weakly  in  livitif;  frogs. 
Sod  doMS  flerm  to  sensitize  the  neurn-musculiir  junction,  lowerinK  the  ihmhoM  to 
iMfina  MinmUu'on,  and  deLa>iDg  (atieue  (llammett,  iqi6).  The  curare  effects  are 
Hnagci  in  brucin;  and  ntethyl-stiychain  may  be  counted  in  the  curare  group.  After 
imth.  sI^^-chniIuzed  for^^  cease  to  respond  to  sciatic  stimulation  much  earlier  than 
aniult)  (Liitlicos  and  ^lcltzc^,  1012). 

Aaiom  on  (mxrUhtiUes. — Stryctinin  ncLi  as  a  weak  protoplasmic  poison  on  ameboid 
(A,  feast,  etc  ILigher  invertebrate  animals  arc  also  relatively  insusceptible.  Many 
(Meets  ait  quite  immune,  ottiers  are  only  sUt^btly  injured  (Juclieaack  and  Crieba, 
■tio). 

Absorption. — Strychmn  is  promptly  absorbed,  mainJy  from  the  intes- 
tine. In  rubbils,  none  is  absorbed  from  the  stomach  proper;  it  is  not 
kaown  whether  this  is  also  true  for  man. 

Gufrfc  Abxorflion, — Ratlier  variable  results  have  b«m  obtained  by  different  in- 
vnAgiton  when  strychnin  was  placed  in  liRatcd  <Ltomachs.  Generally,  alcoholic 
vlUMiiE  are  absorbed  rc:idily,  aqueous  solu1ion-s  ^arccly  at  all.  These  results  seem  to 
^eOBid  partly  on  the  ligation;  for  from  unliKaled  ^lomachi  (Pawlow's  pouch)  aqueous 
natiiMis  are  well  absorbed,  better  than  alcoholic  (Ryan.  191}). 

InrKkia. — A  part  uf  the  strychnin  is  excreted  unchanged,  mainly  by  the  urine. 
SoiQ  quantitiei  occur  also  in  the  saliva,  milk,  sweat,  bile,  and  feces.  The  excretion 
•lift*  «ithin  five  minuter  after  nlMurpliuii  (Tp^en,  1^02);  ami  is  practically  (.'ompleted 
■ilhin  forty-eight  to  sevcniy-two  hours  (Bulcunin  and  Majnne,  1006),  although 
liWM  nay  Ik  t'ound  even  after  five  day<i  (PluKRC,  iRSs;  Hale,  uwq;  Kuenzer,  1914). 
(a tb* remarkable  ca.«e  of  a  patient  who  had  swallowed  r.;  fn"'i-in!^  and  recovered,  Hewlett, 
>ti},  ncovcred  4^^^  entins  fri>m  the  lirst  stomach  washings,  and  a  total  of  i?^  grains 
'n«  thr  urine,  mainly  between  the  first  and  tenth  hour.  Traces  were  present  on  the 
biirth,  none  on  the  hfth  day. 

DWructiOfl. — At  lca.'l  a  fourth,  and  often  much  more,  of  the  administered  strychnin 
(Mtot  be  recovered  from  the  excreta  (Kobcrt),  and  is  presumably  destroyed  in  the 

':ti««t»  (perhaps  mainly  in  the  liver;  not  in  the  alimcntarj-  canal.  Hatcher.   IQ04). 

[liritlet,  1*83,  however,  believe*  that  none  of  the  alkaloid  is  dtrstroyed  in  mammals. 

Influence  of  Absorption  and  Channel  of  Administration  on  Effect— 
Sate  the  uipacily  for  ihc  excretion  and  perhaps  the  deslruction  of  slrych- 
00  is  relatively  great,  the  effect  of  the  same  dose  will  vai^  considerably 
with  the  rapidity  of  its  absorption.  H.\i>odermic  injections  are  therefore 
ITO  to  eight  limes  more  active  than  oral  administration;  intravenous 
[inKclions  are  two  10  three  times  more  active  than  hypodermic.  The 
'fStxiXi  of  rectal  administration  approach  more  closely  to  h)T>odermic 
'Jjin  to  oral  administration.  The  to.xicity  of  str\-chnin  is  slightly  reduced 
^'  the  administration  of  large  quantities  of  fluid  (Kleiner  and  Meltzer, 
'9'3).    Colloids  have  a  marked  retarding  effect  (Hatcher,  T904.) 

Etm  verv  larse  done?  may  produce  no  symptoms,  if  the  experiment  is  nrrnnKcd  so 
■  to make  t&cir  absorpiino  vcrj*  gradual;  for  instance,  by  injcctiwR  it  into  the  liRaiured 
nboftKuineu  pig.  A  cnnsidernlile  quantity  will  be  gradually  a)>surbed  thruiiKih  the 
Viand  tiuue;  and  if  the  ligature  is  rcleajfed,  after  se\'eral  hours,  the  ctfccts  will  be 
"■Wpnndinj^ly  small. 

DiMribatioo  in  Body. — In  fatal  cases,  the  str>*chnin  is  found  mainly  in  the  blood, 
lifer  tuj  kidne^-s,  in  frof{s  especially  in  the  sptiuu  cord,  but  there  is  no  evidence  that 
w^chiin  b  bound  by  apina!  cord  emulsions  (Dixon  and  Ransom.  1012). 

W.  Koch  and  Moslrom,  lott,  found  that  ph<J^pllatid<;  increase  (he  fiolubilit^  of  ha.vc 
'^ycluib,  but  thi$  Ik  probably  a  simple  ^lulion  phenomenon,  and  has  nothinx  to  do 
'>l&il&4elccti\T  aclinii  nn  (he  nervous  s>'Slem.  I.ombardi,  loi.i,  also  finds  that  the 
■■■Odiy  of  str>'chnin  is  somewhat  diminished  when  it  is  hrst  digested  with  brain  sub* 
^■01;  but  Oat  if  the  brain  of  a  str>-chnin- poisoned  dog  i^  used. 

Infloence  of  Age.— Children  arc  said  to  be  comparatively  unsusceptible 
10  strychnin.  In  old  people  with  atheromatous  arteries,  large  doses 
aight  lead  to  apoplexy. 
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Increased  Susceptibility  on  Continued  Administration.^The  continu- 
ous use  of  strjxhnin  does  noL  lead  lo  tolerance;  un  the  contrary,  the 
repetition  of  its  action  "educates"  the  ner\'Ous  system  to  re^>ond  mpre 
readily,  so  that  the  effects  are  apparently  slightly  increased. 

After  the  repeated  administration  of  cquxl  tetanic  doaes  to  frags,  the  quuiiu  occur 
earlier  bdi)  lust  longer  (Moslrnni  and  McGuigun,  1911).  In  nuuninalii,  the  experimeats 
if  \V.  Hale,  i^oQ,  gave  rather  inconcluaive  resulta,  some  indicating  iocreaMd  suscepti- 
bility, others  slight  lokrance. 

Susceptibility  of  Different  Animals. — This  vnries  greatly.  U'lth  subcutaneous 
Administration,  man.  cats,  and  dogs  rcauire  about  the  same  dose,  0.7^  mg.  ^r  Itilogrsm, 
to  i>ro«iuce  a  fatal  effect;  rabbits  are  slljiflitly  more  susceptible.  Guinea  pigs  and  fro^ 
require  ftbout  i\\  time^.  and  snakes  eighteen  limes,  this  dose.  With  the  trog.  the  ^uanu 
appear  witli  one-sixth  the  fatal  dose;  witli  the  guinea  pig  they  only  set  in  when  it  least 
QS  per  cent,  of  tlie  fat.it  dose  has  been  giver.  The  differences  for  oral  administration 
a'c  even  greater.  Some  birds  arc  almost  insusceptible  to  oral  poisoning,  the  fatal  do»e 
for  cliickens  by  mouth  being  50  to  40  mg.  per  kitogram:  subcutaneously,  3  to  5  mg. 
Temperature  on  CimvtdsioHi  in  Fra^s. — Smaller  doses  suffice  to  prcwlucc  tetanus  when 
the  temperature  is  cither  below  or  above  the  Drdiaar>'  {55'  to  7S  F.).  In  the  cold,  the 
tetanus  apficais  later,  but  lasts  lonKcr  fOithetis,  IQ13).  The  rapidity  of  onset,  with 
large  dosCK,  rises  with  the  temperature  accordin;;  to  van't  HoSTs  law  (Schlomovit£  aod 
Chase,  T916).    This,  however,  may  depend  on  absorption. 

Toxicology  of  Strychnin. — The  symptoms  and  course  of  strychnin 
poisoning  have  been  sufficiently  described  under  the  convidsant  effects. 

ToxU  Doic. — In  man,  ;  to  10  ing.  may  exceptionally  produce  coovulsive  effects, 
more  pronounced  with  30  to  30  mg.  These  doses  may  even  be  fatal.  The  ordinarily 
fatal  dose,  by  mouth,  would  probably  be  about  100  mg.     With  efficient  irealmcnt, 

Eatients  ma^  be  Siived  after  950  mg. ;  and  even  doses  of  a  gram  and  over  are  said  to  have 
een  treated  successfully  (Hewlett).     The  fatal  dose  of  Nux  Vomica  lies  about  0.75 
to  3  Cm. 

Time  of  A  ppenrancc  of  Symptoms  and  of  Death. — These  depend  upon 
the  mode  of  administration,  the  condition  of  the  stomach,  and  other 
factors  influencing  absorption.  With  oral  administration,  the  symptoms 
generally  appear  in  fifteen  to  thirty  minutes;  the  con\'u!sions  sometimes 
only  after  an  hour  or  later.  Death  occurs  usually  in  one  to  three  hours, 
but  the  time  may  be  as  short  as  ten  minutes,  or  as  late  as  nine  to  twen^ 
hours,  or  even  later. 

DifermtUii  l>iagnosis  of  Strychnin  Poisoning. — Strychnin  tetanus 
may  be  confused  with  traumatic  tetanus,  spinal  meningitis,  epilepsy^ 
or  hysteria.  Traumatic  tetanus  is  characterized  by  previous  malaise  and 
slow  development.  The  convulsions  begin  in  the  jaw.  The  muscles 
remain  rigid  in  the  intermission.  The  course  is  comparatively  slow. 
Strychnin  tetanus  may  also  begin  in  the  jaw,  but  this  is  not  so  conspicuous. 
In  rare  cases  of  strychnin  poisoning  the  muwies  also  preserve  their  rigidity 
during  the  interval,  so  that  the  diagnosis  is  sometimes  difficult.  When 
in  doubt,  strvchnin  treatment  should  be  used,  as  it  is  beneficial  in  all 
similar  conditions.     The  course  of  the  case  will  clear  up  the  diagnosis. 

In  spinal  meningitis  the  diagnosis  may  he  made  by  the  fever  and  history. 
Epilepsy  differs  by  the  loss  of  consciousness;  the  reflexes  are  normal. 
In  certain  cases  of  hysteria  the  diagnosis  may  be  impossible.  Such  caacs 
should  also  be  treated  as  for  str\'chnin. 

Postmortem  Phenomena, — Death  by  strychnin  is  characterized  by  early 
and  often  persistent  rigor.  This,  however,  is  common  to  all  forms  of 
convulsions,  and  is  presumably  due  to  the  increased  production  of  acid. 
The  anatomical  appearances  are  those  of  asphyxia  and  violent  convulsions: 
venous  congestion,  often  hy|>ercmia  of  the  central  nervous  system,  and 
small  hemorrhages;  in  a  few  cases  hj-peremia  of  the  alimentary  tract. 
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Id«ntificatioa  of  Strychnin. — Stxychnin  may  be  identified  in  the  sus- 
pected material,  vomiius,  or  tissues  (after  isolation  and  purification) 
b)' ils  taslc,  convulsant  effects  on  frogs,  and  chemical  tests  (violet  and 
drrry  color  with  bichromatL'-sulphuric  acid).  It  is  very  resistant  to  putre- 
bction,  and  may  be  demonstrated  in  putrefying  organic  matter  after  a 
year  or  longer  (e.g.,  Sundrick,  1884). 

Treatment  of  Strychnin  Poisoning. '^ — ^This  comprises  the  prompt 
tdmimstration  of  cheraic  antidotes  (permanganate,  lodin,  tannin);  evacua- 
lioQ  bv  emetics  or  stomadi-tubc  (under  chloroform);  suppression  of  the 
RMvufsions  by  chloroform  and  chloral  or  ether;  and  artiJicial  respiration. 
Absolute  quiet  of  the  patient  is  imperative. 

Chtmit  Antithlts. — Potassium  PcrrounRanatc  is  probably  the  most  effective,  if  it 
iilivBB  mfikientJy  eatly,  wnce  it  destroys  Che  strj-chnin.  One  gram  (^i  tea«i>oon(ul) 
iMoU  be  dinolvtd  ia  a  quart  of  wsrm  wuter,  carefully  decanted,  and  adminiilercd  in 
tDobkr  doses  at  short  intervals.  lodin  (i;  drufis  of  tinL-turr  in  H  g'o^s  "^  water)  or 
Inoio  (t«an)OOD  In  H  R'^s  of  hot  water)  merely  dday  ab*iorpti(in,  but  this  is  dis- 
tinttly  osefuL  Tea  or  coffee  should  be  avoided,  sintc  the  calTcin  is  syncrRistic.  Char- 
nal,  or  tetter  CAromel  or  Fuller's  earth,  are  useful  by  absorbing;  the  strychnin  and 
Uijriiig  its  absorptioD  (Sabbatani,  1914;  Kanlus,  1915);  but  their  c^jcieac^  is  limited. 

Emcualion. — Eme^is  by  zinc  or  copper  sulphate  or  mustard  may  be  tned,  or  apo- 
>ii[4Jii  (although  the  depression  h  therapeutically  objectionable),  (ja^tric  lavage 
liatU  be  done  t£  the  patieitt  is  thoroughly  under  chloioform — otherwise  it  may  i^tart 
'(ititconvuUion.  Diuresis  and  catbaras  arc  probably  of  little  use.  Hatcher,  iqij, 
<A(iiBcd  fair  rcsuha  in  animals  with  Urge  quantities  of  hut  water,  or  tht^  intravenous 
njeoioa  of  3  per  cent.  sod.  sulphate. 

Physiologic  Antidotes. — Chloroform,  chloral,  paraldehyd,  ether,  etc., 
■vproB  the  slr>'chnin  convulsions.  By  preventing  their  painful  and 
ounsth'e  effects,  they  conserve  the  energ)'  of  the  patient  30  that  he  may 
*ofB  successfully  resist  the  strychnin  depression.  They  also  lessen  the 
ikiiger  of  tetanic  asphyxia,  and  arc  therefore  the  most  useful  antidotes. 

moral  b  given  in  doses  of  3  Cm.  (}^  dram),  ^sitk  the  addition  of  another  gram 
(15  gains)  after  half  an  hour  or  longer,  as  necessary.  There  \*.  always  the  danger  in 
rinof  thb,  that  itj>  paralytic  effects  may  coincide  vrith  those  of  the  str^'chnin,  anj  thus 
BOatie  the  daogcr.  I-or  this  reason  ckUrroform  or  rther  is  prcfcrreti,  since  their  acliun 
CM  be  better  contiolted.  Ether  has  the  advantage  that  it  is  not  liable  to  the  dangers 
■I  btc  chloroform  pctsoning.  Citliens  and  Mellzer,  igii,  advise  the  intratracheal 
■■ffladon  of  air  and  ether,  combined  with  Intravenous  injection  of  Ringers'  solution. 
Btfaiea  and  Zbyszew»lci,  1915,  found  dilTcrenccs  in  the  antispasmodic  action  of  the 
wious  narcotics;  amylca  hydrate  bting  especially  effective,  veronal  verj-  little,  and 
<AbnI  EKtwecn. 

ilaffkin  h  theoretically  objectionable,  since  its  action  on  the  spinal  cord  is  syner- 
^rtfe  to  stiychnio.  It  hoa  been  cmployctJ.  however,  and  ils  analgesic  action  at  least 
WaU  be  BStftll;  but  1  hloral  and  rh^orofnrra  should  be  preferred.  Other  depressants 
*Udl  haw  been  oscd,  but  are  of  doubtful  cfiicicncy,  arc  bromid,  nicottn,  and  pilo- 

Jtpifu^trim  counteracts  the  cardiac  depression,  on  local  application  (Januschke, 
but  systemkany,  it  incicaica  the  convulsive  effects,  so  that  there  h  no  thcra- 

asta^onbra. 


ArtijiciaJ  Respiration. — ^This  prevents  or  suppresses  the  convulsions, 
may  save  life  if  it  is  carefully  maintained  until  the  patient  is  out  of 
igcr.    The  effect  is  probably  tlue  mainly  to  the  removal  of  the  syner- 
"^ftic  effects  of  asphyxia. 

Tltere  are,  hovever,  »orae  conflicting  theories  and  data:  Osterwald,  igoo.  claimed 
lh>t  strychnia  spasms  are  diminished  by  excess  of  oxygen  in  the  air.  and  vic^  rersa. 


*  TW  Msdeot  thaoU  revieir  ihr  leoer*! 
and  Phy<ioto<ic»l  Antidotn." 


'TrcMtment   of  Poisonlni"  and  the  "Brctcims  on 


198 


lASMACOLOGY 


This  might  suggest  that  the  result  is  due  lo  destruction  of  the  9tr>xhnin  by  ozygea; 
but  there  is  no  other  evidence  for  this  view.  Mcltzer  and  Gies,  1905,  found  that  the 
mere  rythmic  movements  of  the  chest  were  also  important,  for  lieae  prolonged  life 
even  when  the  animals  wi-te  in  an  atmosphere  of  pure  hydrogen.  They  suggest  tb&t 
this  h  due  to  a  rctlex  mhibilory  effect  or  the  convulsive  centers.  It  is  also  conceivable, 
that  it  might  be  due  lo  removaJ  of  carbon  dioxid.  Paradoxically,  however,  Kyan  ftnd 
(iuthrie,  iqoS,  find  thai  the  inhaEatton  uf  carbon  dioxid  also  arrests  strycboia  cod 
sions.  in  frogs  and  niammab. 


It  is  claimerl  as  a  result  of  animal  experiments  that  the  application 
of  external  heat  also  decreases  the  strychnin  mortalitv. 


PKEPAKATIONS-  STRYCHNIN 
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Slrychnifui,  U.S.P.,  B.P.;  CjiHuXjOt. — An  alkaloid  obtained  from  nm  Tomica  %' 
other  plants  of  the  Loganiaccx.  Colorless,  transparent  crystals  or  ffMie,  crystalline 
powder.  Very  slightly  sol.  in  water  (i  :  &4?o);  slightly  sol.  in  ale.  (1 :  136).  Dest,  l-s 
mg..  Ho  gr-  U-S.P.;  I  to  4  rig..  H4  >o  H&  g'-.  B.P. 

■  Strychnina  .Witras  (Strych.  Nit.).  U.S.P.;  CiUnNiOiJINOi.— Sol.in  water  (l  :  43); 
slightly  sol.  in  ale.  (i  :  150).  AH  strychnin  sails  occur  as  colorless  crystals  or  white 
powder;  intensely  hitter,  even  in  dilute  solulions.  They  are  incompatibU  with  alkalies, 
lodids  and  bromtds  (slow  precipitation ).  tannin,  arsenates  and  arscnites.  Dose  (of  all 
Strychnin  Salts).  1.5  mg.,  ^0  gr..  U.S.P.;  i  lo  4  mg,,  '-^4  lo  tfe  g""-  ^-P-  Maximum 
dose,  o.oi  (]ra..  ^  gr. 

Str\rh.  Sulph..  U.S.P.(C,iHMN,Oi)i.H,SOt  +  HiO.— Sol.  in  water  (I  :  3»)  and  in 
ale.  (1:81).     /J<J«.  etc.,  .see  "Str>-ch.  Nit." 

•  5/rycA.  Hydrcrkl..  B.P.;  CiiH«N«Oi.HCI  +  jHjO.— Sol.  in  water  (1 :  60). 
etc..  see  "Sirych.  NJt." 

Injccl.  Sirych.  Hyp.,  B.P. — 0.75  per  cent.     Dosr.  0.3  to  0.6  ex.,  5  to  10  minims. 

tiq.  Stryck.  Hydraehi.,  B.P. — t  percent.     /)(»*<•,  0,11  to  0.5  cc,  7  to  R  minims,  B.P 

Elix.  Ferri,  Qnin.  el  Sirychn.  Photph..  N.F, — The  rfoM  (4  ex.,  i  dram)  contains 

(about):  StTychmn,  i>i  mg.,  t^ogr.jQuinin,  45  mg..  %  gr,;  Ferric  Phosphate.  90 mg., 

Syr.  Ferr.  Pkosph.  c.  Quin.  ei  Strych.,  B.P.  (Easton  s  S>Tupl.— Ferrous  Pboq^tc, 
1.7%  per  cent.;  Quin.  Siilph.,  1.5  per  cent.;  Strych., 0.57  percent.  Dose,  no 4  cc,  H 
to  I  dram,  B.P. 

N»x  Vomica,  U.S.P.,  B.P.  (Strychni  semea,  P.I.).— The  dried,  ripe  sccdsitf  StxychoM 
Nux  Vomica,  Kast  Indies;  yielding  not  less  than  2.5  per  cent  of  total  alkaloids,  U.S.P.; 
not  less  than  1.35  per  cent,  of  strychnin,  B.P.  Dcst,  0,06  Gm.,  i  gr.,  U.S.P^  0.06  lo 
o,?5  Cm,.  I  lo  4  gr.,  B.P.     Maximum  dofw,  0.25  Gm.,  4  gr. 

The  constitucntii  arc  strychnin,  hrucin,  tannin,  fat.  etc. 

The  drug  whs  unknnwn  lo  the  ancit-nt^,  ard  w.is  probably  Introduced  by  the  \>ab& 
The  firflt  good  description  occurs  in  1^40.     StT>-chnin  was  atscovered  in  x8x8. 

The  bark  contains  the  same  prinapl«  '"  lc%s  amount,  but  relati\*ely  more  bruciil. 
It  was  formerly  fnund  in  commerce  under  the  name  of  "faUe  nngoslura."  Se\-eral 
arrow  poisons  arc  also  derived  from  the  genus  Str>'chnos,  especially  the  Upas  Tieatf 
from  Java.     Some  of  the  strychnos  specits  do  not  contain  anv  active  principle. 

Xux  vomica  contains  a  small  quanlity  of  a  third  alkaloid,  igasann,  which  has  not 
been  very  greatly  studied,  but  which  seems  similar  lo  strychnin. 

Exl.  .\ur.  V'om.  Liq.,  B.P. — 1.5  per  cent  of  strychnin.  Dost,  0.06  to  0.1S  CX.« 
1  lo  3  minims,  B.P. 

"  FMrarlutn  Xucis  Vomiftt  (Ext.  Xuc.  Vom.),  U.S.P.;  Exl.  Xtu.  VtHH.  Sicr..,  B.P. — 
A  powdered  extract;  t  Gm.  representing  about  4  Gra.  ul  drug,  to  per  cent-  of  total 
alkaloids,  5  per  cent,  of  strychnm.  Doxe,  15  mg.,  J^gr.,  U.S.P.;  16  to  60  Tag.y  ^  to  i 
gr.,  B.P.,  as  pills.     Maximum  dose,  (10  mg.,  i  gr. 

•  Tiitftura  y'uch  Vamirtt  ( Tr.  \uc.  Vom.).  U.S.P.,  B.P.;  TirKture  of  Nui  Vomica.— 
10  [>er  cent,  of  drug,  0.35  per  cent,  of  alkaloids.  0.1  ?5  per  cent,  strychnin,  in  about  75 
per  cent,  alcohol.  MiscUile  with  water  and  ale.  Incompatibilities  as  for  Strj-ch.  Nti 
Dosf.  0.5  c.c.  S  minims,  U.S.P.;  0.3  to  1  ex.,  5  to  15  numins,  B.P.  Maximum  doM, 
3.5  cc,  40  minims. 
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PICROTOXm  GROUP 

G«neial  Statement — The  pharmacologic  group  of  which  picrotoxin 

istbe  main  repre^-ntative  producesa  conspicuous  stimulation  of  the  medul- 
tuj*  centers,  with  characteristic  con\'uIsions,  slowed  pulse,  etc.  There 
isalso  some  stimulation  of  the  spinal  cord.  These  effects  are  followe*!  by 
paralvsis.  The  actions  are  not  utilized  therapeutically,  but  are  of  some 
toricologic  as  well  as  scientific  interest,  since  the  members  of  the  group 
have  often  caused  poisoning. 

He  Priodpal  Members  of  Uie  Group.  -These  cumprisc  puroUrxin  from  Ctcrmus 
wAm  \\hr  itfA  iif  AaainirLi)  ;>aiiirulala  ("  nshbcrrirs;"  UBcd  for  iMboaing  ti^h,  the 
ish  of  which  becomes  loxic;  also  for  adulterating  beer;  and  in  "knocJtout  drops." 
TlcciUrnul  use  affainsi  (icdicuti  hus  jjtiven  rise  Ui  toxic  effecl.^);  Ctrutoxin  from  the 
tUioDW  Cicuta  vHrosa.  "Water  tlcmlock,"  an  umbetiferous  plant  eaten  by  mistake  for 
nnkjF,  etc.  (the  .\raertcaa  spcdrs.  Ckuta  mnculBta  and  liuLltifrr.i,  are  also  loxii')' 
ucutom  is  a  complex  p>Tonc  derivative,  occurrinR  a*  an  unstable  resinous  substance 
(C.  A.  }wco\non.  191!;].  Some  of  the  dfcompojition  prodiu4s  of  digUaih  (di^talireain, 
lodraia)  are  also  ci>untc<l  in  this  group, 

ln«  import»nt  members  are:  Cifriamyriin  (from  Coriaria  myrtifolia];  and  7'it/rit 
(&BB  Coriaria  ^perie-t  of  New  Zealand)  (C.  R.  Mandiall,  1910).  W.  W.  Ford.  1910, 
Inoi]  that  tutin  combines  with  nervous  structures,  thereby  losing  its  toxicity;  but  00 
Mcnare  u  acquired. 

Ckraiic  Ratnrs. — Most  of  the  substances  are  non-alkaloldal,  non-nitroitcnous 
'nntnl  principles,"  more  soluble  in  alcnhnl  Ihiin  in  «-atcr.  Scune  are  giticusids. 
fimliutm  itself  consists  of  a  mixture  (or  perhaps  a.  feeble  combination;  Sielisch,  igii) 
•'xirijr  eqtml  put%  of  picrolojiinin  and  pitrotin  fCcrs-cIlo,  1911:  structural  formula, 
ABftfioa,  IQI3).  Thes«  are  closely  ullicil  chemically  and  have  identical  actions,  but 
PKretvuBin  acts  far  stronger.  Coriamyrlin  icami  to  v&xy.  That  lirst  isolated  by 
ubu  wu  verv  soluble,  while  Mcri:k,'s  is  almost  insoluble,  but  probably  more  active 

Pienihuin  CooTutsioos. — The  characteristic  effects  on  the  frog,  and  the  localiza- 
HcB  of  the  convulsions  m  the  medulhi,  are  describeil  ir  the  "laboratory  Exercises." 
la  QammalsT  aLsd,  the  ccnvulaioc^  are  not  modit'ied  by  defttruclion  of  the  hemifipheres 

^fCnKawll(i,  190*3:  Morita.  1015)  or  section  below  the  optic  thalarai  (PolhKkand  Holmes, 
igijl.  Spinal  Tetanus  may  ofren  be  observed  in  fniRs  after  the  medulla  is  deilroyed, 
ttefptnal  «timutali<-in  having  previously  l>ccn  masked  by  the  more  intense  stimulatioD 
tf  tbe  higher  centers  (LuchsinRer,  1S78).  The  rnn\-ulsion^  are  not  so  much  dependent 
ifn  reflex  stimulation  so  that  they  arc  probably  in  part  due  to  a  direct  stimulation. 
MCordint;  to  Haicliimi.  h>oq,  tlic  action  is  I'Xiitt'd  in  the  sensory  cells. 

ftruytuius  of  Picrotoxin  Poisoning  in  MammaU. — The  effects  of  conv*uInve  but 

laa-ntal  dose^  Here  described  by  J",  Crichtun  Bruwn,  1875.  a"*:  Salivation  and  vomiting 

fcmtfal;  Eggleston  and  H.itcher,  1915);  then  quiet  and  apathetic;  then  restle^  and 

qipnltennve:  then  trembliny  iif  legs;  Ite^  on  side,  with  efforts  ta  >taiid;  progressively 

alMAgci'  twitching  of  fate  and  neck  muscles;  head  drawn  back.     Thtn.  suddenly, 

groentlifcd  clonic  convulsions;  clonic  champing  of  jaw»;  closing  of  eyelids;  marked 

UDtUog  at  mouth;  involuntar)'  urination;  pupils  dilated  during  the  convulsions.     The 

cloak  ^MOis  change  imperceptibly  to  running  movcmcntji,  become  slower,  and  finally 

ceMC     TIte  animal  remains  quietly  nn  its  ^ide,  and  then,  after  ^ome  efforts,  regains  the 

owct  potitioo.     After  a  time,  varying  unth  the  dose,  the  convuUions  may  recur. 

/Ujpiratiom. — ^Thi*  is  stimulated  before  the  convuUions;  becomes  irregular  during 
tiw  initial  twitching  and  artrste«l  during  the  clonic  spasms  (Pollock  and  flolmes,  igi?). 
TbeM  anthors  point  out  the  similarity  of  the  nwpiratory,  convulsive  and  circulatoT>* 
ch*mce»  witb  tlutsc  of  ppilcptic  attacks  (Pollak.  and  Trcadway,  igij).  The  thrcshoM 
"  tbe  rwpiratory  center  to  COj  ui  lowered  by  Coriamyrlin  (Wieland,  iQls)- 

SpMOts  of  the  lar>'ngeal  muscles  lead,  with  the  frog,  to  distention  of  the  body  with 

to  a  characteri'itir  cr>-  similar  to  that  somclimrs  heard  with  str>xhnln.     With 

toxtrekin.  aiid  oieandrcjun,  the  coavulsions  arc  preceded  by  immobility. 

Cifcmlatiam. — In  the  early  stages,  the  blood  pressure  may  rise  from  stimulation  of 

tW  VBaoootor  center.     About  three  to  eight  seconds  before  the  convulsions,  the  blood 

pramm  falU,  remaining  low  until  asphyxia  sets  in  (Pollock  and  Holmes,  iQif). 

Fifiu  Cmter. — The  heart  is  greatly  stowed,  and  may  even  cea.se  for  a  time.     After 
diviiioa  of  Ibc  va^i.  the  bcnrt  will  return  almost  to  normal.     There  is,  however,  some 
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depresMon  of  ihc  cardiac  muscle  involved  in  this  slowing.  Later  there  may  be  a  quick* 
ening,  partly  due  to  sUmulation  of  the  accelerator  center  and  partly  to  paralysis  o(  the 
vagus  center  and  to  fatigue  of  its  endings. 

The  tamiting,  sulivary,  and  nrfufi'iije  ceniers  are  also  exdted.  The  Kweat  may. 
however,  be  8U|ipre»»ed  by  vasomotor  constriction. 

AtUtmontic  Crnttrru — Grucnwald,  1909,  |X)irtcd  out  that  picrotoxia  produces  the 
symptoms  of  parasympathetic  slimulalion:  Contraction  of  pupils,  salivation,  vomiting, 
slowed  pul»c,  contraction  of  urinary  bladder,  ertxtion,  etc.  These  pRects  are  central, 
for  they  do  not  occur  after  section  of  the  nerves.  They  are  not  hindered  by 
deccrc  bra  lion. 

Vlcrinr  Spit-smt. — These  have  been  observed,  and  depend  probably  on  stimulation 
of  the  spinal  cord,  -since  they  cease  upon  destruction  of  this  organ. 

Paraiysis. — With  larger  dosca,  all  the  stimulant  effects  give  way  to  paralysis. 

Urmolytic  Action. — Picrolosin,  dcutoxin,  and  Phytolacca  dccandra  arc  uid  to  act 
similarly  to  saponin. 

Excretion. — Tliis  occurs  by  the  urine;  picrolin  is  partly  unchanged;  the  picrotoxinin 
is  decomposed  (ChUtoni,  \t)ii). 

Toxic  Dose. — ^ According  to  Lewin,  0-03  to  0.24  Gm.  of  cocculus  is  toxic,  2.4  Om 
fatal.     Of  picrotrnin,  .*o  mj;.  arc  lo:^ic.     The  fatal  dose  is  not  known. 

The  Symptoms  of  Poisoning  in  Man. — These  con^i^t  in  burning  sensation,  nausea, 
salivaiion.  cold  sweat,  pallor,  colic,  vomiting,  diarrheA;  pulse  slowed  or  quickened; 
palpitutioo;  shallow  respiration.  These  arc  rai^dly  followed  by  confusion,  stupor  and 
iinconwiousncss.  After  one-half  to  three  hours,  trembling,  clonic  and  tonic  convuLaons- 
Thesc  generally  p.iss  into  paralj-si-s  and  death  by  asphyxia,  after  several  hours. 

Tkf  pojlmarUm  findings  are  tho»c  of  asphyxia.  The  poison  disappears  rapidlf 
during  putrcf.aclion  (wtihin  one  or  two  weeks);  so  that  the  toxicologic  analysis  must  he 
made  promptly.  The  characteristic  effect  of  the  isolated  poison  on  the  frog  constitute* 
the  best  test.  The  intenively  bitter  taste  (discernible  in  dilutions  of  1:80,000)  may  arouse 
su>picion. 

Trratmetti. — The  chemic  alkaioidat  precipitant^  would  not  be  efficient.  The  hat 
treatment  would  be  emetics  (if  vomiting  has  not  occurred),  permanganate,  chloral, 
chloroform,  and  external  heat.  The  combined  iidministralion  of  chloral,  morfiliin. 
and  minimal  doses  of  atropin  has  recently  been  recommended  as  the  result  of  animal 
experiments. 

Therapeutic  Uses. — The  medullary  slimutalion  produced  by  the  group  might  be 
expected  lo  have  many  therapeutic  ui^s;  in  fact,  however,  they  have  not  been  found 
available,  perhaps  because  the  effective  doses  arc  too  near  to  the  'toxic.  Picroloiin 
(0.5  to  3  mg.)  has  been  used  in  the  night  sweats  of  phthisis,  and  in  epilepsy,  but  with 
very  doubtful  results.  I'owdered  cocculus  has  been  used  against  pediculi,  but  is 
dangerous. 

Si^ubiliiy. — Picroloxin  ts  soluble  in  about  8  parts  of  alcohol,  or  340  ports  of  water. 


CAFFEm,  THEOBROMIN,  AND   OTHER  METHYL -XANTHINS 

Members. — This  group  comprises  the  various  methyl  derivatives  of 
xanthin  (dioxypurin).  These  occur  in  several  plants;  as  products  of 
metabolism  in  animals;  and  may  also  be  obtained  synthetically.  The 
most  important  arc  cajein  (trimelhylianthin),  the  principal  alkaloid  of 
cofFec,  tea,  kola,  guarana,  mati,  etc.;  theobromin  (3.7  dimethylxanthin) 
from  cacao;  and  theophyllin  (1.3  diraethylxanthin),  which  is  usually  pre- 
pared synthetically.  Xanthin  itself,  and  all  its  other  methyl  derivatives, 
produce  the  principal  actions  of  the  group. 

Nature  of  Calfeta. — Caffein  is  capable  of  forming  salts,  and  is,  therefore,  on  alka- 
loid; but  it  h  w  feeble  a  base  that  it  does  not  turn  litmus,  and  the  salts  arc  dissociated 
by  water.  Its  solubility  is  a!«i  iiecultar.  It  was  isolated  from  coffee  in  iRjo  by  Kungc, 
Pellctier  and  Caventou,  and  Kobiquct.  Its  identity  with  the  alkaloid  of  tea  (some- 
times called  Thrin)  was  surmised  by  Bcr«-lius.  and  tonfjrmed  by  Jobst  and  Mulder  in 
ibj8,     Commercial  caffcin  is  now  produced  almost  cx»;lusivcly  from  tea. 

Occurrence. — Caflcin  occurs  in  plants  of  at  least  six  families,  which  are  scattered 
over  many  portions  of  the  globe.  It  is  rather  remarkable  thai  these  plants  have  nearly 
oil  been  discovered  and  consumed  by  the  natives  as  stimulants.    These  plants  often 
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conuin  volatile  pnxiucts  or  tannin,  which  slightly  modify  their  effects.     Theobromin 
iicitta  associated  with  the  caffein;  in  cacao,  the  theobromin  predominates. 

The  cbemical  structure  and  derivation  of   the  purin  denvatives  have  been  elud- 
l      ditcd  by  Emil  Fischer.    The  most  important  are  as  follows : 

1.  N— C,  HN— CO 

2.  C     C,— N,  OC     C— NH 

>c.  Ml    Vh 


> 


3.  N— C«— N,  HN— C— N 

PMriH  (the  numbers  indicate  the  posi-  Xanthin 

ttoni  in  which  radicld  may  be  intro- 

duced). 

HN— CO  CH,X— CO 

I       '  Li' 

OC     C— NCHi  OC     C— NH 

.  I  II  y^'  I  \\  >" 

CH,N— C— N  CH.N— C— N 

Theobromin  Theopfayllin 


CHiN— CO 

OC     C— NCH, 

I      II      >^ 
CH,N— C— N 

Caffein 

Mncqwl  Actions.^!.  Increase  of  the  reflex  irritability  of  the  central 
^ous  system  from  above  downward;  leading  to  stimulation  of  the  psy- 
diic  areas  (insomnia,  etc.) ;  of  the  medullary  centers  (respiratory,  vaso- 
ootor  and  vagus) ;  and  with  large  doses  to  heightened  reflexes  and  tetanic 
cwvulaons.  With  toxic  doses,  the  stimulation  is  accompanied  by 
Paralysis. 

i.  Increased  ease  of  muscular  contraction,  progressing  to  loss  of  elas- 
ticity and  to  rigor;  this  affects  all  forms  of  muscle  to  a  varying  degree, 
llw  heart  rate  is  thereby  quickened. 

3.  Vasodilation  by  a  direct  action  on  the  vessels  with  moderate  doses; 
tliis  combines  with  the  cardiac  stimulation  to  quicken  the  circulation. 

4.  Diuresis  results  through  the  interaction  of  several  factors. 
Caffein  is  used  as  a  psychic,  muscular  and  respiratory  stimulant;  and 

u  a  cardiac  tonic  and  diuretic.     Theobromin  and  theophyllin  are  probably 
"Hw  effective  when  the  peripheral  actions  are  desired. 

Psychic  Functions. — In  man,  moderate  doses  of  caffein  (to  0.3  Gm.) 
Produce  a  quicker  and  clearer  flow  of  thought;  disappearance  of  drowsiness 
>iMi  fatigue;  more  sustained  intellectual  effort;  more  efficient  appreciation 
^sensory  impressions,  and  more  perfect  association  of  ideas  (Kraepelin, 
1872;  Dietl  and  Vintschgau,  1878;  Ach,  1900;  Hollingsworth,  1912). 
"^le  central  actions  of  theobromin  are  relatively  much  weaker  than  those 
''^caffein  (Filehne,  1886).  Theophyllin  is  intermediate  (Dreser,  Pouchet, 
Thomas). 

Vitk  larger  doses,  these  effects  pass  into  wakefulness,  excitement,  and  the  other 
'Masknt  reactions  described  under  the  toxicology. 

Tbe  lower  mammals  react  by  restlessness  and  excitement.  The  cat  is  said  often 
I"  become  frantic     Frogs  do  not  exhibit  any  symptoms  referable  to  the  brain. 

Use  as  Antidote  in  Narcotic  Poisoning. — Caffein  is  often  used  as  an 
utidote  against  acute  poisoning  by  morphin  (Bennett,  1874);  alcohol 
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(Binz.  1878);  paraldchyd  (Schrot-dcr,  1887);  chloral  (Airiia,  1913,  SolT- 
mann).  The  psychical  actions  are  dircclly  anlagonistic,  the  mental 
and  muscular  coordination  being  immediately  improved,  although  the 
effect  is  not  lasting-  The  respiration  and  circulation  may  also  be  some- 
what stimulated,  but  the  effects  easily  become  additive,  so  that  with  fatal 
alcohol  poisoning,  caffein  is  actually  deleterious.  With  morphin,  the  coi^ 
ditions  are  probably  mure  iavorable.  ■ 

As  a  atimulant  ftntldot<-,  the  caSein  is  usiia.lly  ndminbccmi  as  a  vcr^*  strong,  bot, 
black  cofTee,  lu  secure  tlie  sytiergiAlic  slirtiulant  action  of  the  heat  and  oils,  Stroncly 
boiled  tea,  through  its  tannin,  would  be  a  chemical  antidote  in  poisoning  by  corrosive 
mctnt$.     Coffee  has  not  this  precipilimt  effect. 

StuUiat  AhiagonijiH  of  Alftthitl  and  Caffein. — This  has  been  studied  especially  by 
Pilchi;r.  1912.  }Ie  found  that  with  Ihe smaHtr  dasa,  each  druK  tends  In  act  quulila lively 
as  if  prescrtt  alone.  In  alcohol  sleep,  small  doses  of  caffein  cause  awakeninR.  restore 
the  reflexes,  and  diminiili  Ihe  fall  of  lemperature.  With  hrger  if<)j«.  there  is  a  qualita- 
tive change  in  the  direction  of  greater  depression.  Lixht  alcohol  coma  13  totensilied 
by  moderate  or  larKc  doses  of  caflein;  the  reflexes  are  further  depres-ed.     Wiih  luxU 

di»est  the  Fatality  b  greatly  increased  if  both  drugs  are  present,  mainly  by  their  r*-' ' 

ous  action  on  the  heart. 


'd^^^» 


Medullary  Centers. — These  are  moderately  stimulated  by  caffdn, 
similarly  to  sLr>chnin.  There  arc,  however,  some  important  differences: 
With  caffein  ihc  stimulation  is  on  the  whole  weaker  for  toxic  doses,  but 
rather  stronger  and  much  more  prolonged  with  therapeutic  doses;  and 
there  is  little  or  no  subsequent  depression,  even  with  toxic  doses.  The 
most  conspicuous  effect  is  on  the  respiration.  The  stimulation  of  the 
vasomotor  and  vagus  centers  is  interfered  with  by  other  factors,  as  de- 
scribed under  "Circulation." 

Rrs^iration. — In  man,  the  respiration  is  only  moderately  increased 
(Edsall  and  Means,  1914),  or  scarcely  affected  by  oral  therapeutic  doses 
(Newburgh,  1914;  Taylor,  1Q14);  unless  cardiac  dyspnea  is  improved  by 
the  circulatory  effect.  With  h}T>odermic  injection  of  0.15  to  0.25  Gm., 
there  is  definite  evidence  of  respiratory  stimulation.  The  COt  tension  is 
markedly  lowered,  inducing  a  lowered  threshold  of  the  respiratory  center. 
The  rate  and  depth  of  the  respiration,  and  the  minute-volume  are  increased. 
There  is  also  increa.sed  gas  metabolism,  and  sometimes  bronchial  dilation 
(Higgins  and  Means,  1915). 

AnestlietizL-d  animals  respond  by  increased  rate  (Biru:,  1878;  and  gen- 
erally also  increased  depth  of  the  respiration  (Heinz,  iSgo;  fmpcns,  1899). 
The  latter  is  probably  due  to  partial  awakening  from  the  anesthesia;  for 
with  decerebrated  animals,  thL-  incrca-^e  is  confined  to  the  rate,  the  depth 
being  unclianged  or  more  shallow  (Cusliuy,  1913).  Inhibitory  reffexe&ar 
less  effective. 


Vie  in  Ailhmii. — Coffee  ftoratimes  gives  relief  in  asthmatic  attacks.  The  actioD  b 
probably  partly  psychic,  p^rily  bmncliial;  for  in  guinea  pip*,  it  relaxes  the  brortchial 
spasm  |>roduLed  by  prptoiw  or  rauscarin  (Pal,  1912J.  Bronchial  dilation  is  also  some- 
times observed  in  mai  (IIJuKins  and  Means,  1915).  F-  Meyer,  1915,  concludes  Uut 
OfcSein  acts  mainly  by  stimulating  the  respiratory  center  to  greater  eflort.  Be  con- 
siders it  IcsK  eOicicnt  than  acropin.  epincphrin  or  nicatin. 

Spinal  Cord. — Ordinary  doses  of  canein  heighten  the  reflexes  (Wood,  rQis;  1>eeu- 
wen,  1913.}.  To»c  doses  produce  convulsions  of  spinal  origin  Uting,  1901),  which  agree 
in  all  esuntial  respects  with  tlioM-  of  :^l^>'chni^',  except  that  the  tetanus  is  iwillKT  u 
violent  nor  as  prolonj^cd.  The  cxhauf  tion  in  the  intervals  is  also  less  pronounced.  The 
tetanus  may  produce  dc&tli  by  fixation  of  the  respiratory  muscles.  The  con%'ulsa]lt 
dose  is  relatively  larfje,  and  it  is  therefore  doubtful  n'hcthcr  it  has  ever  been  obser^'ed 
in  man.    Ordiimry  igsic  doKs  produn:  only  itcmor.    In  frogSj  the  tetanus  is  not 
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creaied  or  hastcocd  by  removal  of  the  cerebrum  (diScrcncc  from  morpbin;  Cttheiu, 

The  paraiytic  lution  of  Urge  doHcs  cun  be  thown  in  frogs  by  protecting  the  muscles 
fnn  rigor;  i^.,  by  ligatiag  a  leg  exclusive  of  the  nerve.  CafTein  will  then  destroy  its 
RQCKL 

Skeletal  Muscle. — Ordinary  doses  of  caflein  increase  the  functional 
acUviiy  of  skcleial  muscle  so  ihal  k  contracts  more  readily  and  more 
completely  and  powerfully,  and  is  less  easily  fatigued  (Wood,  1912). 
This  improvement  can  be  demonstrated  by  the  ergograph,  as  well  as  in  the 
eidsed  or  curarized  frogs'  muscle  (Fig.  7).  It  is,  therefore,  at  least  in 
Unp!  part,  peripheral.  Larger  dosc^  depress  the  muscle,  and  eventually 
cause  it  to  go  into  rigor,  even  in  the  Uviug  animal. 

Tkt  Stimulant  Phase. — A  snuUlcr  stimulus  sut&ces  to  produce  contraction  (PaschkU 
ud  Ni,  1886).  The  Utent  period  is  shorlencd.  The  height  mid  rapidity  of  the  con- 
ladioftue  greater,  and  a  larger  weight  can  be  lifted  (Kubert.  i8St).  Fatigue  b  Les&- 
cad,  tnd  ft  greater  umount  of  work  can  be  {lerformcd  (Prescr,  1890),  so  long  as  the 
had  uxi  itJmulatjnn  are  onlinvd;  but  with  excessive  load  or  stimuUtion,  cafTcin  dtmin- 
Un  (ht  toul  work  (Goiowinsky.  1015).  The  other  mctbyl-xan thins  affect  muscle 
iwljlitivcly  like  caficio  (Golowiosky). 


* 


^^,,_ 


attar  fiv*  BunubB  lo  t  :  lo.ooo  enffeln  aolutwn; 


itornikl  tfacmi;  ^^^ 


.  .  ta  1 1  i.oou  holuliun. 


Tkt  Dtpraiani  Phait.—.\i  the  dose  or  coaccntration  is  increased,  tilcse  eficcts  are 

rrrmed.     The  cnnlriutJnn  bccumes  lew  powerful,  und  the  curve  nswmbles  that  of  a 

btipied  muscle;  i,e„  it  U  lower  and  more  drawn  out.     Thi&  lenffthening  shows  drst  io 

ihc  tlUxalioQ  (Buclihctm  and  Eisenmcnger ;  (jolotvinaliy),  evei!lu.-i11y  iuso  in  the  coo- 

^^    traction.    The  elA.4iiciiy  is  le:SMned.     The  muscle  is  exhausted  more  rapidly  by  tetanus. 

^m        Siaibr  muscubr  edccLs  are  produced  by  xanthin  (Pa&cbkis)  and  crcatin  (Drcser). 

^H        KfMtmhlinui  ta  Fatigut, — The  successive  imrea-^e  and  diminution  of  the  muscular 

^F  AnctioBs  by  caflein  resembles  the  successive  phenomena  of  u'ork  and  fatigue;  and  sug- 

^p  0W*  thai  a  part  of  these  m.iy  be  due  to  the  accumulation  of  the  xauthin  products  which 

■re  FonDcd  m  metabolism;  but  other  products  which  accumulate  during  work  eiUo  in- 

Aieocr  the  mu>cle  Mmiliirly  to  fatigue  (I.er.  iijofi). 

Ca/nM  Ritcr. — This  was  observed  by  Voit,  tS66,  and  then  invesliBatcd  by  Johann- 

mn,  «M  by  Soimiedelwrg,  1S77.     Itit  occurrence  in  the  living  body  can  be  deraonstralr^l 

lermic  Injection  in  certain  species  of  frog  (the  Kuropcan  Rana  tetnporaria, 

»e  ordinary  ,\meric»o  laboratorj-  frog,  R.  pipiens);  while  annther  European  frog 

ita)  is  less  susceptible  lo  the  rigor,  and  therefore  succumbs  to  spinal  convul- 

In  both  cases,  the  irog  becomes  rigidly  extended;  but  the  rigor  (as  dbtJngtuahcd 

^tetanus)  pcr^i^ts  after  aivision  of  the  sciatic  ocr*'c  (Johannsen)  and  occura  after 

The  heart  may  continue  to  beat  strongly  for  some  time.     Mammals  also  show 

rtiflawt  after  large  doses  of  ca&ein,  but  actually-  ri^or  result.^  only  if  the  alkaloid 

i*  ia^Mttd  directly  into  an  artery.     The  coagulant  action  15  no^<^ci»ed  by  other  xantbitiii, 

bciw  •CraofOt  «ilh  xanthin  itself,  and  progressively  wcsKcr  with  tbeobromtn,  tbco- 

pliyditt  and  caffein  iFilchne,  iS8^>;  DreMfV 

The  mu-icle  in  cafTcin  rigor  is  inexcitablc  and  appears  while.  Uoodlcss,  stiff  and  con- 
xkkniMy  NWiillen  and  shortened,  and  U  acid  to  litmus  (Random,  iQii). 

iiieroncft'c  CHaHffj. — If  the  caffetn  is  applied  to  a  teased  muscle  under  the  micro- 
teO|>r.  the  cuolenls  uf  the  fiber  are  seen  tu  move;  the  cros^striations  disappear,  and  the 
loaiHadinal  striae  become  more  promincat.     The  sarcolemma  becomes  detached.    The 
tbortco  by  half  (Jobannseo). 
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These  changes  have  been  studied  by  Sechcr,  jgu.  through  perfusion  with  dilute 
solutions  oi  xanthin  and  tlw  various  methyl -xan thin*,  which  all  produce  similar  effect*. 
The  histoloRu:  changes  increase  -with  the  concentration,  to  disorganiiation  (caffein. 
I  :  i.ooo).  Short  of  (Uaorganizatiun,  the  chanRcs  arc  reversihle.  The  disorganized 
6ben  also  eventually  reRentraU-,  provided  their  nuclei  arc  intact.  Hardening  and  tnie 
rigor  IB  confined  to  the  destroyed  fibers.  Similar  changes  are  produced  by  chloroform  and 
other  poisons,  and  in  other  vertehrat«,  although  mamma!*  require  higher  concenlral ions. 

Perfusion  of  the  muscle  with  saline  or  blood,  if  undertaken  soon  after  the  onset  of 
the  rigor,  restores  the  plasticity  but  not  the  excitability  (v.  Fiirih). 

CiMRii!aliMt  of  MuscU  Extracts. — Kigor  may  also  be  produced  in  living  animals  by 
the  injection  of  a  numb<rr  of  other  suVtslances  in  sufncieiit  ionc«n  I  ration;  for  instance, 
by  chloroform.  All  of  these,  a*  well  as  cafTcin,  favor  the  coagulation  of  muitclc  extracts 
(v.  KUrth,  1.S06).  However,  there  need  pot  be  any  relation  bctvreen  rigor  and  this 
coagulation;  for  certain  substancrs  coagulate  musdc  extracts  even  more  actively,  but 
are  incapable  of  producing  rigor  during  life. 

Muicuiar  Ejrcit  in  Miin. — Mut«;  showed  by  the  ny-jra^A  that  moderate  doses  of 
cafTdn  {0.1  to  0.6  gm.)  incTCase  the  muscular  work.  In  the  first  hour  this  may  Iw 
raised  four  or  five  times;  the  effect  then  lessenL-d,  but  extended  over  two  to  seven  hours. 
Practically  oil  sulMe<|uent  experimenters  have  confirmed  the  increase,  although  it 
was  not  alvaya  as  great  (Hcllcscn,  tgo4).  Sometimes  the  incrcaiw  was  mainly  in  tbe 
height  nf  contraction  (Kraepelin);  with  others,  in  the  number  (Rowi).  Thisindicates 
that  the  action  is  both  on  the  muscle  sulislancc  (Iteighl)  and  on  the  motor  centers 
(fatigue).  Rivers  and  Weber.  i«jo7,  found  it  quite  variable,  and  sometimes  followed 
by  a  decrease.  Schumburg  showed  that  the  effect  is  less  when  the  csfwriment  is  made 
fasting  on  an  exhausted  muscle.  The  Increase  of  efficiency  h  due  partly  to  a  lesser 
feeling  of  fatigue  (Rivers  and  Weber),  but  it  is  at  least  in  part  peripheral,  since  the  effi- 
ciency 13  also  increased  when  the  muscle  itself  is  stimulated  electncally. 


Use  of  Cajffin  AgaiitsI  Faligiu. — The  psychic  and  muscular  action 
cafTctn  are  popularly  used  against  fatigue.     This  will  be  discussed  under 
ihc  "Caffein  Beverages." 

Use  in  Headache. — Fairly  large  doses  of  caffein  (0.5  Gm.  =  7^^  grains) 
arc  rather  effective  against  certain  forms  of  headache,  such  as  migraine, 
neuralgia,  fatigue,  etc.  It  may  be  combined  w-iih  acetanilid.  It  does  not 
prevent  the  depressant  effects  of  the  latter;  but  rather  increases  its  tox- 
icity (Hale,  1900;  Salant,  1912);  it  also  increases  the  toxicity  of  alcohol 
and  barium  chlorid  by  its  circulatory  action.  Caffein  is  also  useful  in 
some  cases  of  nervous  dyspepsia. 

Smooth  Muscle. — The  eflect  of  caiTnn  on  smooth  muscle  consists  in  a  longer  and 
more  persistent  contraction  curve.  larger  doses  prolong  the  period  of  rclaxatioa. 
The  tone  seems  to  be  affected  differently  in  various  muscles.  The  arteries  are  re1a:tcd 
by  relatively  small  doses;  whereas  the  ca&cin'has  a  tonic  effect  on  the  pelvic  portion 
of  the  ureter  (Luca*,  iqay).  ft  has  very  Ultie  effect  on  the  uterus  CRbhrig)',  and  none 
on  perislakLs  (Xas?c.  1866). 

Other  Peripheral  Actions. — Caffein  has  no  action  on  peripheral  nervo' 
structures  when    it    is  used  systematically  (Aubcrt,  1873);  nor  does  it 
cause  any  local  irritation. 

It  has  a  paralyuQg  action  only  when  it  is  applied  in  a  very  itrong  paste  directly  to 
the  nerve  £Pratt).  It  docs  not  act  gn  any  fo«g/ia,  cor  on  any  glands  other  than  the 
kidney;  nor  on  red  corpuscles,  nor  on  fibrin  formation.  Small  do*.e*  increase  the  move- 
cnenLs  of  leucocytes  in  shed  blood,  whil.*t  higher  concentrations  kill  them. 

Lmipr  Ogun/jmA.—The  actions  of  caffein  on  these  are  not  characteristic  (Brunton, 
1SS3:  oxidation  of  guaiac;  Ifaskian,  igoj;:  gas  formation  by  yeasl;  Bokomy,  tSo4t  and 
Korentichcwsky,  tooj:  amebac;  Romanes,  1K67:  medusae;  Sollmanc,  1906:  adult  and 
embryonic  fish;  Hckering,  iSgy.  cmbr^'ooic  chick's  heart;  Kanaonif  1912:  genmiuiti 
of  seeds). 


jri 
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Metabolism. — The  results  of  different  investigators  have  been  con- 
tradictory, lull  it  appears  that  caffein  causes  a  rather  small  and  variable 
increase  in  urea  and  CO3.     Both  effects  are  probably  indirect;  the  ureft 
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bong  explained  by  the  diuresis,  the  COs  by  the  increased  movenients. 
This  also  explains  the  slight  rise  of  lemperature. 

Tbc  cvlier  inve&tigaion  cUimeil  diminUhcil  urea  excretions  (J.  LelimAnR,  1853; 
Btdfll.  1&54.  and  others),  with  varytni;  results  a.s  to  Cd.  The  earlier  work  has  not 
bsa  OMwined,  and  may  possibly  lie  explained  by  imperfect  methods.  (However, 
Ftn  and  Welker,  1913.  describe  decreased  :V  elimioation  &fter  theophyllin  in  hcftlth  and 
rhI  disease;  wfalUt  Eodilyi  claims  an  increase  of  iV  after  thcophylUn  or  thcobromin. 
TV  ciHitmdictlnna  probably  depend  on  differences  of  diure^.)  C.  }.  Lehmann, 
Vott.  Rous  and  others  have  demon<itratedincreas«d  urea  excretion  after  caffein-.Reichert. 
iDCRasai  beat  production;  Hccrlcia.  1892,  Edsall  and  Means,  i(}i4,  and  Hi^ns  and 
Umu,  191  j,  found  increased  TOi  an^  Oj  metabolism,  with  therapeutic  do!««.  Salant 
Md  Pbdp*.  iQio,  and  Salant  and  Kiei^r,  igT4,  found  slight  changes  in  the  excretion  of 
cmtinatid  crcatinin. 

Ttmfrralurf.—The  rise  was  demonstrated  by  Hin/.  and  Peretli,  1878,  II  is  very 
iK^tlaDomaal  animals  (1*  to  1.5'C.).  It  is  perhaps  rather  more  effective  In  prcvcntin(t 
diefilof  tcm|>erature  which  occurs  in  light  narcuM^f,  but  is  ineffective  in  deep  narcosis 
[ndier.  1913).     The  rise  is  much  greater  in  thyroidcctomizcd  dogs.  (Karelkin,  IQ14). 

Oycvmric. — During  the  cafTein  or  thewbromin  dmrcws,  there  is  commonly  a  slight 
iypCT^yatada  and  glycosuria,  especially  in  rabbits  fed  on  carbohydrate  food.  How- 
tvtr,  It  occurs  aha  in  fasting  animab  (E.  Hit^h,  1915).  It  may  be  induced  by  oral 
■Mniitntion,  and  occurs  also  in  cats,  but  not  in  do^s  (Salant  and  Knight,  1909). 
Ttx  phenomenon,  which  occurs  also  K'ith  other  diureUcs,  has  not  received  a  satis- 
hooty  explanation  (^Ticulicich,  1912).  It  is  not  renal,  for  sugar  appears  in  the  urine 
■^  iriMD  there  is  a  con.«i<lcrablc  rise  of  blood  siinar  (Hirsch).  Tne  hj^perRlycemia 
iaacUei  increased  glycogcnolysis.  which  resemble*  ihal  produced  by  pmiSrc  (Nishi, 
wo).  Like  this,  it  is  [generally  (but  not  always;  Jarisch.  1914)  prcventeti  by  section 
n  the  splanchnics,  excision  of  the  suprarenals  (A.  Mayer.  1906)  and  by  aicotm  (Htra- 
^ma.  ivn).  ft  must  therefore  be  usually  central,  perhaps  tlirough  increased  reflex 
u^t«fat|ity:  but  under  ct;rtain  conditions  it  i-i  also  pennhera]  ijarisch). 

Ditrititm. — ^Thc  effects  will  be  discussed  under  the  ocvcragcs. 

Circulatioa. — CalTein  acts  on  the  heart  and  blood  vesseJs,  peripherally 
and  oenlrally.  Tht-  i-ffects  are  therefore  quite  complex  and  vary  with  the 
doK  and  olhur  conditions.  The  predominant  action  of  therapeutic  and 
moderate  ph>'siologic  doses  consists  in  vasodilation,  combined  with  suffi- 
cient cardiac  stimulation  to  maintain  the  blood  pressure,  or  even  to  raise 
it  somewhat.  Both  actions  should  combine  to  favor  the  bloud  flow,  and 
would  therefore  be  useful  in  circulatory  diseases;  the  diuretic  action  being 
a  ftiTlhcr  desirable  feature.  On  the  other  hand,  tiie  efTects  of  cafTein  are 
not  so  powerful  nor  so  lasting  as  lliose  of  digitalis:  and  its  side  actions  often 
biterfefc  Mith  its  use.  The  other  methyl-xanlhins  act  very  similarly  to 
caffdn,  and  the  same  description  probably  applies  to  all. 

Stliges  of  Action. — The  effects  in  animals  may  be  divided  into  the  im- 
fnedUle  effects  of  intravenous  injection,  the  more  persistent  ciTects  of 
fDoderatc  (stimulant)  doses;  of  larger  depressant  doses;  and  fatalities 
iSoJlinann  and  Pilcher,  igii;  Wood,  1912;  Salant,  1913;  Pilcher,  1912). 

JmtmfMus  tnjedum  of  Cafrin. — This  produces  a  fairly  severe  fall  of  Uood  presslire, 
«itb  prompt  recover)'.  Thei»:ri;^/<i//tf/^rf)fur^isprcsutDablydue  to  depression  of  the 
■QHX^nlium  by  the  cotvccntratcd  drug.  It  doe»  nut  occur  with  other  methods  of  ad- 
■liaiilration.  and  ihcrclorv  haa  tittle  practical  importance.  It  is  not  cfaaructerislic  for 
t»Btin,  but  occurs  with  many  other  drugs.  The  ori^n  volume  (oncometer)  falls  with 
the  pressure  (in<licaling  (liat  the  action  b  cardiac).  Direct  observation  of  the  heart 
•bow»  dilation  with  diininished  excursions.  The  heart  rate  is  quickened  and  the  vaso- 
«ad  respiratory  center  are  stimulated  by  the  low  pressure. 

Stimulant  Doses. — Small  and  moderate  doses  (to  ao  mg.  per  kilogram) 

Jy  produce  a  slight  (10  to  20  mm.)  rise  of  blood  pressure,  usually 

more  or  less  increase  of  the  heart  rale.     The  lone  of  Ihe  heart  is 

and  the  amplitude  of  its  excursions  may  be  greater.    This, 
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and  the  faster  rale,  raise  the  output  of  the  heart.  The  vein  pressure 
not  changed  (Capps  and  Matthews,  1913).  The  blood  flow  is  increas< 
(Landgren  and  Tigersted,  1892;  Locwi.  1905).  The  volume  of  the 
splanchnic  organs  (Phillips  and  Bradford,  1887;  Albanese,  1881;  Gottlieb 
and  Magnus,  igoi ;  Loewi,  1905)  and  of  the  cerebrum  CRoy  and  Slicrring- 
ton,  1887)  increases.  This  oncomelric  chancre  is  more  marked  and  more 
persistent  than  that  of  the  blood  pressure,  and  therefore  indicates  a  marked 
vasodilation.  It  has  been  claimed  that  the  dilation  is  more  powerful 
in  the  kidney  than  in  other  organs  (Phillips  and  Bradford;  Loewi);  but 
in  fact  it  seems  to  be  about  equal  at  least  in  the  splanchnic  area  (Sollmann 
and  Pilchcr).  The  vasodilation  is  peripheral,  since  the  perfusion  method 
shows  Uiat  the  vasomotor  center  is  actually  stimulated.  Ordinarily,  the 
peripheral  dilation  is  more  powerful  than  the  central  constriction;  but 
under  some  conditions  the  constriction  may  predominate,  so  that  the 
oncometer  falls  with  the  rising  pressure.  This,  however,  is  very  excep- 
tional. The  older  conception  of  a  powerful  and  constant  constriction  was 
based  on  slender  and  indirect  e\'idence  (mainly  on  the  experiments  of 
Wagner,  1885,  and  Schroeder,  1886).  Vinci,  i8g5,  found  that  caffein 
gave  a  much  larger  rise  of  blood  pressure  (presumably  cardiac)  in  animals 
which  had  been  weakened  by  anemia  or  starvation.  ^h 

Depressant  Dases. —Tinsel  of  cafftin  above  40  mi;-  [wr  kilogram  progressively  lowe^^* 
the  blood  pressure,  until  a  level  of  60  ta  85  min.  is  reached,  ^ith  dotws  of  about  140  mg. 
per  kilogram.  This  level  is  ihcn  mainlained  uniil  death  approaches.  If  ihc  original 
pressure  was  low,  it  muy  not  be  further  low-ercfl.  The  tone  of  the  heart  is  decreased, 
50  that  it  grsduiilly  dilates,  and  the  amplitude  of  the  excursions  and  the  output  art 
diminished.  The  oncometer  falls  with  the  hlood  pre5.*urc,  30  that  cardUc  depre«ion 
is  the  domiiLiDt  element.  It  U  accompanied,  however,  by  a  prDgressive  and  Anally 
complete  vasomotor  paralysis,  when  epinephrin.  splanchnic,  and  other  forms  of  vaso- 
molnr  stimulation  b»come  less  and  k-ss  efftctivf.  (Riiintphrin  still  causes  a  relatively 
small  rUc  through  cardiac  stimulation.)  The  vasomotor  center  can  be  sho«*n  (by  the 
perfusion  irtethinl)  to  he  stimulated  even  nfler  very  targe  >lnsM;  but  this  stimulation 
can  not  become  effective  against  the  peripheral  paraty»s. 

Fatal  Datfr. — Death  occur*  by  ncute  cardiac  failure.     CafTein  serves  to  lower  the       1 
resiatance  of  the  heart,  &o  that  the  fata!  dnsc  may  ^■a^y  jfreatly  in  different  anima1«.  ' 

FaiHtfT3  Jnvdvd  in  Iht  Ciratlalory  AtJians  oj  Cojrin. — These  may  be  summnriteH 
as  follows:  Cardiac  stlmuhiuon  or  depre&&Lon,  according  to  Ibc  do%e  and  rapidity  of 
injection. 

Increased  heart  rale,  not  due  to  vagus  depression.  (If  the  vagu*  ia  Intact,  there  may 
be  slowing  through  ccnlraL  stimulation,  but  with  large  doses  the  heart  escapes  from  the 
vagus  tone.)  I 

Vasodilation,  through  peripheral  depression  of  the  vasoconstrictor  roechaoinn. 

Central  vasoconstrictor  stimulation  generally  ineffectual,  also  ctHivul^vc  stimula- 
tion. 

Cardiac  irregulaTities,  with  large  doses. 

Direct  Aclhn  on  Hlood  I'fiiWr.— These  tend  to  dilate  when  excised  orgaiu  are  per-  I 
fu&qd  with  cafTetn  {Brco  and  Pluraier;  Cow,  igit).  The  effect  is  not  very  ijrcat  with 
caffcin  alone,  since  the  vessels  arc  already  dilated  after  death;  btit  ver>-  litile  caffein 
suffices  to  counteract  the  constrictor  effect  of  epinephrin  (Sollmann  and  Pilchcr).  The 
cafTvin  must  tberrfore  act  on  or  beyond  the  structure  stimulated  by  epinephrin;  i.e., 
on  the  receptive  or  muscle  substance. 

Special  Vessels. — The  Coronary  Vessels  are  not  affected  directly  by  caflcin  or  theo- 
bromtn  ^Hond,  1911;  Rabe,  igis);  but  in  intact  animals  there  is  increased  blood  flow 
and  some  pn»ive  dilation  unth  therapeutic  doses  when  the  blood  pressure  rises  (] 
Meyer,  TQ12).     Toxic  dosen  generally  dilate  [Sakai  and  Snneyoshi,  tots;  J^Iacht,  iqt  1 
The  Lung  Vesids  are  first  constricted,  soon  ceding  to  dilation  (Bercdn,  1914)-     Maci 
■014.  obaerx-ed  dilation  of  excised  pulmonary  arter>-.     Theobronun  was  firactica 
negative.     Baehr  and  Pick,  191  j,  found  no  effect  vntix  caffein  on  lung  pcKusioa.     1 
Lh'fT  veim  arc  dilated  (Brrexin,  1914).     The  vrs'srls  of  the  piii  mater  and  rrtimA  are 
dilated  during  life  (llirschfeldcr,  19:3).     The  dilation  of  the  eyc-vc^seU  may  raise 
intta-ocular  tension  even  with  falling  s>-stcmic  t>Iood  prc«&urc  (Wcwdy,  191$). 
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The  Heart  Rmte. — When  ihc  vagi  are  intact,  small  closes  of  raiTein  may  cause  stwne 
doviag  Uinjugh  slimuliition  of  Uie  vagus  center  (Swirski,  1904]  and  increased  vaRii9 
txitkbiltly(Fredcricq.  igi^).  This  slowing  doe»nol  occur  in  all  animiils.  With  LirRcr 
dtaos  or  ilmys  if  ibe  vajn  arc  paralyxcd,  the  rate  Ls  markctlly  riuirkeiinl.  W  ith  the 
n^dirided,  3  mg.  per  tilogram  incrcjLics  the  rate  by  25  per  cent.;  20  mg.  p«r  lulogram 
bjrji  per  cent.;  30  to  too  mg.  by  50  [kt  cent.  Beyond  this  there  is  tiofurtiier  increase, 
bsl  via  heart  shows  arylkmia  and  irregularity.  The  quickening  is  evidently  not  due  to 
Mfn  depression,  ftince  it  iiccurs  after  section  of  thv  vugi  ur  atrupin  (Johanns<;n.  18O9, 
uanlbers).  The  vagus  tone  h  indeed  lo'^t  after  large  doses  (Aubtrrt,  187  j,  utid  otheri), 
ud  the  rcsponM!  to  vag,\ii  stimulation  is  uncertain:  but  direct  central  vagtis  stimuja- 
tioa  su^  still  cause  m.irked  slowing. 

Kar  w  the  quickening  due  to  stimulation  of  the  accrirrator  mechanism.  The 
iBKt  occurs  after  excl'^ion  gf  the  <>telUte  ganiilia  and  in  Ihc  cxcit^cd  mammalian  heart. 
Swtnki,  1004,  found  that  when  the  caPcin  quickening  had  reached  its  maximum,  a 
ilanlier  iacreaM:  would  be  obtained  by  ^.timulating  the  accelerator.  (Large  doses 
iatwy  the  respon.s«  to  acrcleriitor  stimulation,  Fredericq,  IQ13.)  Cushny  shuwed  that 
Ihc  detaiU  of  the  au'<liac  curve  are  diflcrcnt  in  caffein  and  accelerator  stimulation. 
Vana,  1903.  found  that  cafTcin  quickens  the  heart  after  niKKodcin,  which  paralyzes 
the  accelerator  endings.  Pickering,  i(<^3,  observed  it  in  ihc  embr>'onic  chick*s  heart 
btfmihe  nervous  structures  had  liecome  ilevehipcd.  The  quickening  mnsi  thcfrfore  b« 
intlcmtmutd  c<.mtra<:UbiHty  »/  the  muscle  substance  itscif. 

ftt^i  Haul. — Small  dwses  mcreasc  the  rate  (Voil,  i860),  excursions  (Wagner,  1883)^ 
{■iKrataiae,  and  especially  the  abftolutc  force  or  maximal  resistance  (Drescr,  1&S7J. 
UttiUftitale  is  shorteoc*!  more  than  the  sj^stolc. 

Urge  doses  cause  slouing  and  WKikening  I.Maki),  nilh  diastolic  lendenc>'  (Faval). 
T^bwrt  bcits  for  some  time  after  the  skeletal  muscles  arc  in  rigor  (Wagner).  The 
failuTCtt  may  be  cither  in  svsioU;  (Jnhann-ien,  iS6q)  or  (ti».sU>le  ^Faval). 

With  bypiKlcrmic  injection,  the  stimuLnt  dose  is  ^  mg.;  the  depressant  25  mg. 
(Vapn).  Dropped  on  the  ex(H>svd  heart,  i  iio.ooo  is  stimulant,  and  i  Moodepressant 
Qdnuu)}. 

TI1C tarapinS  heart  re^pond^  similarly  to  the  frog's  (Beyer,  188^). 

tuiu4  J/j»tm<;/iiiH  //t-iirf.— Wbtn  studied  by  modilicalions  of  the  LangcndorS 

neUhvl,  casein  and  the  other  xanthias  produce  increawd  rate,  amplitude,  and  force  of 

tteordhfcim traction,  and  generally  quickeneit  corona ty  flow  (Hedbom,  iSq<j;  O.  Loeh, 

■004;  BecD  and  I'lumicr.  iqo6;  Lifscliiu,  1907;  i'lavec,  T0D9).     The  increased  amplitude 

B  Dnl  la  the  systole,  then  also  in  the  diastole;  but  tlie  cardiac  tone  is  not  increased 

(PUvec).    The  stimulation  is  greatest  with  iheophyllin,  then  iheobromin,  then  cat!ein. 

Tic  Ciin)nary  ViL»i>dilation  \s  also  greatest  with  thtrophyllin,  but  legist  with  theobromin. 

Thii  iodicates  thai  the  increased  Huw  'n  not  simply  due  to  the  increased  contractions. 

These  ctprrimentt  seem  to  refer  only  to  sUraulant  concx-ntratioos.  and  Ihcy  raiiy  be 

coaudcnhly  ntodificd  by  changing  the  conditions  (Lifscbiu,  1907;  Plavec,  1909;  Bock» 

IBM). 

U*mm<iiiiin  llr-irt  in  .Vi'Ju.— The  effects  of  the  various  doses  were  studied  by  Pilchcr, 

191 »,  with  llie  results  described  under  the  general  discusftion  of  the  circulatory  effects. 

JLrferimftMliI  IJeart-hlock.  —  In  complete  block,  caflcin  increases  the  strength  of  the 

VfSUKobr  contraction.     LarRcr  doses  produce  ventricular  cxtrosystolcs  end  tachy- 

CUdb.    The  streoKih  of  the  auricles  is  temporuiily  quickened  (Tgrnond,  1913). 

Qrctilatory  Effects  in  Man. — These  correspond  with  what  would  be 

npectcd  (rom  animal  fxi>criments.     With  doses  lo  1.5  Gin.,  the  acute 

^xftxts  are  inconstant  and  generally  slight.     The  heart  rate  may  be  slowed 

^kr  qtiickened    or  unchanged  (literature,  Sollmann   and  Pilcher;  Wood, 

^0913).     Palpitation  is  common,  but  apparently  largely  subjective.     The 

Hbtood  pressure  may  rise  (Wood,  1913} ;  or  fall  (Miranu,  1906);  or  remain 

ODchamficfl  i^utas,  i(»i4;  Newhurgh,  ioi4^-     The  volume  of  the  human 

inn  is  diminL^hed  (Hewlett,  1913).     The  blood  flow  lends  to  improve  by 

increased  s\-stolic  output. 

Bttman  Blood  /'/«*•.— Hypodermic  doses  of  0.3  to  0.5  Gm.  in  resting  men.  produce  a 
^6iatc  iKrrase  of  the  total  blood  flow  (Keogh-Lindhard  rai-thod).  The  improvement 
ccrmrk  by  i&creascd  sj-stolic  output.  It  docs  not  occur  during  work.  Means  and 
jHciriwryt,  1915.  attribute  the  rest  elTect  to  increascil  vniuu:^  return  to  the  heart,  by 
aoMirMtioo  cnitstde  of  the  heart.  During  work,  the  venous  return  is  adequate  even 
■Stkoot  oAnu,  and  i&  not  materially  iocrcaacd  by  the  drug. 
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Blood  PfKjMfr.— In  advanced  tHyocardilis,  full  and  continued  doses  of  c&ffein  (a 
1  Gm.  per  day)  cause  a  proKrcssivc  and  permanent  lowering  of  blcxid  pressure,  react 
a  total  of  lo  to  50  mm.  Tnis  is  parallel  to  the  diuresis,  and  to  the  rdtef  of  the  edema 
and  other  symptoms  (L.  Taylor,  1Q14).  Theobromin  does  not  lower  the  prcMiiie. 
although  it  is  olhcrwiiM:  equally  or  more  eflicienl. 

Therapeutic  Effects  on  Circulation. — The  methyl-xanlhins  arc  used  as 
cardiac  sUmulanls  in  syncope,  and  especially  in  cardiac  dropsies.  They 
lack  the  permanent,  tonic  action  of  digitalis,  but  are  useful  as  adjuvants 
or  when  a  quick  effect  is  desired.  In  Taylor's  myocarditis  series,  the 
results  were  excellent  in  one-half,  moderate  in  one-fourth,  and  unsuccessful 
in  one-fifth.  Theobromin  is  effective  on  the  first  day,  if  at  all,  so  that 
its  usefulness  can  be  determined  more  quickly  than  with  cafTein.  Further- 
more, the  side  actions  of  caffein  interfere  with  its  emplovTuent,  especially 
In  excitable  patients.     Theobromin  therefore  de5er\'es  preference. 

In  hypotension  and  infectious  diseases,  caffein  fails  to  improve 
circulation  (Newburgh,  1914;  Lucas,  1914). 

Clinical  Side  Actions. — Effective  doses  of  caffein,  especially,  in  cardiac 
cases,  produce  palpitation,  insomnia,  nausea,  vomiting,  headache,  vertigo, 
restlessness,  anxiety  and  sometimes  delirium.  Theobromin  is  relatively 
free  from  these  objections,  but  they  may  arise  (Seiferl.  Nebenwirkungen, 
1915,  p.  128).  They  are  also  produced  by  theophylUn  (Widmer,  1914; 
Seifcrt,  I.e.,  p.  i.^i).  The  side  actions  occur  much  more  \*iolently,  and 
with  much  smaller  doses  (0.3  Gm.  of  caffein  per  day,  or  even  less)  in 
patients  with  inlerstUial  nephritis  (L.  Taylor). 

Effects  on  the  Urine. — The  most  important  therapeutic  effect  of  caffein 
consists  in  a  considerable  diuresis.  The  increase  concerns  mainly  the 
water  of  the  urine.  The  absolute  quantity  of  solids  is  also  increased,  but 
less  than  the  water,  so  that  their  percentage  is  lowered.  The  efficiency 
varies  mth  conditions,  especially  with  the  amount  of  water  in  Ihe  body 
(Widmer,  1914);  the  diuresis  is  most  abundant  in  dropsical  conditions,  and 
fails  entirely  with  dry  food.  It  is  much  greater  in  wet-fed  rabbits  than 
in  dogs.  It  fails  also  in  glomerular  nephritis,  but  is  effective  in  tubular 
nephritis  unless  the  vessels  are  involved.  The  albumin  in  nephritis  may 
be  increased.  Theobromin  and  especially  theophyllin  are  more  effective. 
This  difference  is  explained  in  part  by  the  relatively  larger  doses  which 
can  be  taken  without  prohibitive  side  actions. 

Mechanism  of  the  Diuresis, — No  agreement  has  been  reached  on  this 
subject.  The  increased  renal  circulation  resulting  from  the  simultaneous 
cardiac  stimulation  and  vasodilatation  must  be  a  powerful  factor,  and  may 
in  itself  suffice  to  explain  the  diuresis.  This  does  not  exclude  the  possi- 
bility of  stimulation  of  the  sccretor)-  epithelium;  but  the  direct  evidence 
for  this  is  weak.  This  theory  of  secretory  stimulation,  which  is  still 
widely  accepted,  was  advance*!  by  von  Schroeder,  mainly  Ijccausc  he 
could  not  explain  the  diuresis  by  the  blood-pressure  changes;  but  he  was 
ignorant  of  the  dual  and  complementary  action  of  caffein  on  the  heart 
and  vessels.  At  present,  its  main  supports  are  the  occasional  failure  of 
complete  agreement,  in  minor  details,  of  the  circulatory  and  urinary 
changes;  and  the  perfusion  experiments  of  Richards  and  Plant,  191 5. 

Rdaticn  0}  Caffein  Diuresis  to  Circtiiation. — Schroeder,  1SS6  and  1887  (and  inde- 
pendently, Lan^aardj  found  that  murphinizcd  rabbits  often  fail  to  respond  to  ca.dein. 
Aftsumin(5  this  tn  be  due  tn  vasoconstriction,  he  admimstered  chloral  lo  paralyze  the 
center,  or  di\idcd  the  renal  ncr\'cs,  and  now  found  CAfTein  uniformly  effective.  Tlut 
appeared  to  show  that  the  diuretic  effect  was  opposed  by  the  circulatory  cScct  of  *-»Wirfw_ 
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umehr,  vasoconstriction.  However,  it  U  now  knoffn  that  caffein  ordinarily  cau&es 
viudUitioOr  and  not  vasoconstriction;  and  von  Schroedcr's  results  have  not  alway?  been 
ooofiroMtl  by  later  obacrvprs  i.I.»>cwi,  1905).  It  apjjcars  that  chloral  heightens  Lhe  re- 
fpooK  to  caffeio,  but  von  Schroeder  himself  showed  ihnt  the  same  result  is  attamcd  by 
puiUehyde  in  doses  which  certainly  did  not  paralyse  the  vasomotor  center.  The 
syvapsm  may  perhaps  be  explained  a^  a  simple  summation  of  the  vasodilator  effect 
^  lhe  two  drugs  (Alranese,  1900).  The  combinatioa  of  caAcin  with  siaUncs  also  gives 
I  pater  diuresis  than  either  alone;  whilst  a  mixture  of  the  $e\'eral  metbyl-xanthins  only 
irrcssraple  addition  (Schlosscr,  1913). 

Wiun  the  diuresis  b  compared  with  the  changes  in  the  oncometer  (Phillips  and 
Bndford,  1887;  Gottlieb  and  Magnus,  looi;  Loeni,  Fletcher  and  Henderson,  190O, 
tbcy  are  fouod  to  eihibit  a  remarkubte  parallelism.  Durinij  the  iutruveuouit  full,  the 
uriae  (loir  censes;  as  the  oncomcler  rccovcni,  the  urioc  rcsamcs.  to  reach  its  maximum 
vith  the  rise  of  the  oncometer,  after  which  both  nhadc  gradually  back  to  the  normal. 
After  laige  doses  of  caffein,  there  is  neither  dilation  nor  diuresis. 

If  the  conditions  are  otherwise  unfavorable,  to  diurcM.^,  as  in  dry-fed  animak  or  when 
the  kidne>-s  have  been  injured,  the  caffein  dilation  may  fail  to  result  in  diuresis  (Locwi; 
PldQifH  inA  Bradford).  Other  dtscre^>iuii:i<^  have  iKxa^ionally  been  noted  (Gottlieb 
and  Manus,  1901),  but  they  are  exceptional  and  U-«ually  insigniiicant;  especially  in 
virw  of  the  t>talemeDt  of  Loewi  tliat  the  blood  Qow  may  be  increased  (as  judged  by  the 
a/terial  color  uf  the  blood  in  the  renal  vein)  even  when  the  kidney  volume  is  kept  con- 
stant by  encasing  it  in  pl;L^ter. 

The  lestitution  of  blood  after  hemorrKige  is  not  modified  by  the  caflcin  diuresis,  so 
that  there  is  no  &ign  of  altered  permeability  of  the  vessels  (Gaisbocck,  191 1).  The  vis- 
oodty  of  the  blnon  is  said  to  be  diminished  (Loria,  tgi3). 

Prrius'wn  af  Ex<hcd  Mammalian  Kidneys. — Munk,  18S7.  adding  caffein  to  the  pcr- 
fasmg  mcxmI,  found  a  Urgi?'  increase  of  ureter  flow  and  a  moderate  increase  of  vein  flow. 
Tin  remit  is  certainly  exceptional  (\'on  Schrocder,  1BS7;  Kobert.  1SS6:  SoUmann  and 
Hatcher.  1407).  It  would  naturally  be  explained  by  the  vasodilator  action;  but  Rich- 
Ards  and  PUni,  1915.  report  increased  urine  6ow  even  when  the  perfusion  flow  is  kept 
It.  Tliis  wutUd  mean  that  a  diuretic  effect  occurs  apart  from  circulatory  changes. 
c  obscr^-alioos  arc  desirable. 
Cktmitt  in  ike  She  of  Excised  Kidney  CeUs  and  Absorption  of  Saline  Sotuliaru.^ 
loca  of  kidney  trcnted  with  caffein  absorb  less  fluitl  from  h>-potDnic  salt  si>luttonk 
do  CDmrol  sections  (Filehne  and  Biberfeld,  iqdi};  but  the  change  is  small  and  in- 
■tsnt  (SoUmann  and  Hatcher,  iqo?).  Histologically,  the  cpillielium  of  the  con>'0- 
laicd  tubules  lends  to  swell  sliRhtly  in  caffein  solution  (\V.  W.  Williams,  IQ07). 

/n/ftt-n/diN  5f<iinin(.— Sobieransky  found  that  caffein  (and  ludine}  diuresis  prevents 
t3u  inCTa*vitam  sUiining  of  the  tubular  nucin  hy  indigocarmin.  A&suming  that  the 
muimrtj  U  .In,-  to  rcab-iorption,  he  argued  that  this  rcabsorption  was  paralyicd  by  caf- 
fcia,  ling  this,  he  argued  that  the  diuresis  is  due  to  failure  to  reabsorb  the 

SkMn<^  >.     There  is  no  »ecurc  basis  for  either  assumptiaa,  and  the  absence  of 

pafoenl  Aould  Ix*  the  natunil  result  of  the  flushing  of  the  kicncys  by  the  diuresis. 

Vrrter  ffriit^sis. — Lucas,  1907,  found  that  caiToin  ha*  a  tonic  effect  on  the  pel\'ic 
portion  of  lhe  ureler.  This  would  have  but  little  luflucncc  on  the  urine  flow,  sioce  this 
M  aot  influence*]  even  by  a  considerable  nej^itive  ureter  pressure  (Snllmann). 

ferfasian  *'/  Frois'  At'Jwfvr.— CuUis  claims  that  if  lhe  |>erfusion  is  arranjped  so  that 
dte  candn  acts  only  on  (be  glomeruli,  the  effi.*i:is  are  ansa ti& factory;  if  it  is  connned  to 
tbe  tubules,  it  increases  the  pcKusion  flow  and  starts  the  urine.  This  result  would  in- 
■lIF^'*  that  tbe  action  of  caffein  is  on  the  tubules;  but  it  is  opposed  to  tbe  findings  In 
■If  *■**■"'■■"  nephritis;  and  the  condiUtios  are  too  complex  to  be  satisfactory. 

Itrmat  Irritiiiiun  by  CajTatt. — Ordinary  doses  of  caffein  give  no  indications  of  injury 
to  tbe  kidney  cells;  in  nephritic  patients,  however,  large  do^cs  may  be  followed  by 
avfc'  i-iuria.     Animals  also  respond  to  large  doses  (40  mg.  per  kilogram), 

wtf^  ''■Kg  continued,  by  ilefmitc  nephritic  changes:  albuminuria  of  1.4  per 

UMO.  I'.u....^ '  Lu.  epithelium  and  casu  in  the  urine.  The  kidnc)-?  show  dilated  vessels, 
QBttdy  ^wellin^.  In  vacuolar  degeneration  and  necrosis  of  the  epithelium,  and  slight 
lattTKilial  swelling.  These  hklologic  rhnnRes  may  be  present  even  when  the  urine 
mpptmx*  ooTTDal.  Dogs  arc  more  subject  than  rabbits,  but  the  lesions  are  usually  only 
ORHitocy,  disappearing  a  few  dayn  after  discontinuance.  N'o  legions  are  perceptible 
^^^^        of  5  to  10  mg.  per  kilogram,  cortespondiog  to  5  to  xo  grains  in  man  (Vtnd, 


I  m  Earferimental  itff/Artf«.— Hcllin  and  Spiro,  1807,  found  caffein  itMffectivc 

>  H^OMHOlar  AIM  naenil  Itephritis,  but  ciuite  effective  in  pjre  tubular  nephritis.     This 

H  bacfl  CoafiruKu  br  Schlaycr  and  Iledingcr,  tqo? ;  and  bv  Pearce,  Hill  and  Fisenbrey. 

KQio;  aad  these  further  shtrwcd  that  the  failure  of  diuresis  is  accompanied  by  lailutr 
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of  the  oncamctric  reaction.  This  U  tmpmlafU  /vidence  thai  tlu  dluretU  aclioH  u  exewttd 
on  tMf  gtomcruiar  cinuiation  and  not  on  Ike  tubular  rpiibtlium. 

In  uranium  nephritis,  dturelics,  including  cuilein,  are  effective  during  the  early 
IKiI>-uric  stafie;  but  they  become  ineffective  when  the  anuric  stage  is  reached,  although 
the  circulatory  response  may  be  well  prcacr\'ed  (MacNidcr,  191J;  Boycott  and  Ryflel, 
iijij).  This  depends  on  the  intactnc<is  of  the  renal  epithelium  (MacNider,  1914).  In 
the  subacutdy  fatal  form,  caiTeln  and  the  mher  mctrtyl-santhins  did  not  prolonf;  life 
(Cbiutian,  igi4).  The  phenolphthalcin  excretion  was  rather  improved,  but  the  nilro- 
»n  retention  in  the  blood  was  not  materially  affected  (Christian,  igij;  Christian  and 
©"Hare,  iqij;  Fitz,  1914). 

For  <:ilw(i>t((ilc  nrphrilii,  on  the  other  bund,  iheubromin  und  theocin  were  dislinrtly 
burmful,  since  they  diminUhed  the  phthnlcin  output  and  the  animals  died  more  promptly 
(O'Harc,  1915),  although  the  nitrogen  excretion  was  unrhAnffed,  and  the  cHminationof 
urine  and  clilorid  waa  increased  (Fit?.,  iom)-  Finally,  the  kidneys  ceased  to  react 
(fatiRue?).  This  is  especially  marked  if  the  caffein  has  been  preceded  by  several  injac- 
tions  of  saline  (Mosenthan  and  Schlayer,  iQij)' 


Failure  ofCaJfrin  Diuresis. — Aside  from  glomrrular  and  general  ncphn- 
lis,  there  are  a  number  of  other  factors  which  may  interfere  with  diuresis. 
The  quantity  of  water  in  the  tissties  is  very  itnportant;  and  alstT  the  water 
in  the  food,  which  is  the  ultimate  source  of  the  water  of  the  urine.  There 
is,  consequently,  a  conspicuous  difference  between  dry-fed  and  wet-fed 
rabbits  (von  Sobicranskt,  1895;  Locwi,  igoj);  and  presumably  the  limited 
water  intake  of  dogs  accounts  in  part  for  their  lesser  diuresis  response 
(Sobieranski).  Schroeder,  1887,  found  the  water  content  of  the  rabbits' 
blood  decreased  by  10  per  cent,  after  an  effective  diuresis.  Tlie  same  fac- 
tor is  active  in  the  poor  diuresis  of  hemorrhage  (Michaud,  IQ04X  and  in 
the  superior  diuresis  in  dropsy  (Hofmann,  iSSo);  but  other  factors  may 
coftpcrate.  On  the  other  hand,  when  an  effective  water  diuresis  has  been 
secured  by  excessive  continued  water  administration  (Sollmann  and  Hof- 
mann, 1905)  or  in  diabetes  mellitus  (Meyer,  1905),  there  is  no  further 
increase  when  caffein  is  added. 


The  Diuretic  Response  in  thf  .VorHiai  Human  Subject. — This  is  comparatively  smtll. 
Raphael,  1904.  found  the  doily  urine  increased  (under  otherwise  constant  conditioiis) 
by  0,5  Gra.  cuffein  sodium  salicylate,  4;  per  cent.;  o.^  Om.  the*jhramin  sodium  salicy- 
late, 3  per  cent.;  1.5  Cm.,  14  per  cent.;  3  Hm.,  (,3  percent.  This  was  much  les«  than  the 
increase  secured  by  the  consumption  iif  ;in  extra  liter  of  water  or  beer  (100  per  cent.); 
vhitst  a  liter  of  milk  increased  the  urine  by  153  per  cent. 

InterfereHie  by  V asocanstrtrtion  and  Vagus. — Whilst  the  vasomotor  stimulatioa 
has  not  ordinarily  the  importance  attributed  to  it  by  von  Schroeder,  it  may  fiometiraes 
be  sufficiently  powerful  to  overcome  the  peripheral  dilator  effect.  At  all  events,  the 
diuresis  is  aided  by  the  hydrocarbon  narcati(3>.  Curare  U  also  said  to  aid  the  dlurc$U 
^Cervello  and  1-oMonaco). 

Conn.  1886.  riaimed  that  the  vaj;!  exert  an  inhibitory  inffuerac,  which  fVnten,  1001, 
attributed  to  a  direct  inhihitor\-  influence  of  these  nerves  on  the  secreting  cells,  .^tropin 
would  therefore  increase  Che  diuresis.  These  rl&ims  need  confirmation  before  they 
be  accepted. 


■^ 


Failure  in  Rcpvakd  Administrathn. — It  is  a  common  clinical  experience 
that  caffein  often  becomes  ineffective  after  a  time  (LeNoir  and  Camus, 
1903).  This  is  not  surprising  when'  it  is  remembered  that  the  factors 
which  favor  and  impair  the  diuretic  response  are  apt  to  var>'  from  lime 
to  time.  The  disappearance  of  the  edema,  for  instance,  would  decrease 
the  response. 


cSective     1 


tn  experiments,  it  is  also  noted  that  repeated  injections  become  Icm  aad  \tae,  c&ective~ 
(Phillips  and  Bradford,  1887;  Loewi,  1905).  This,  however,  is  simply  due  to  the  fact 
that  the  depressitig  dosage  is  gradually  altiuaed. 
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Rdativf  Efficiency  of  the  Xanthin  Derivatives. — Casein  has  now  been 
largely  supplanted,  as  a  diuretic,  by  theobromin  (diurctin),  and  more 
lildy  by  iheophyllin  (theocin),  which  are  credited  with  a  much  more 
powtrfu!  action.  With  theobromin,  this  is  not  surprising,  since  the  cus- 
tomary dose  is  four  limes  as  large  as  with  caflfein;  with  theophylHn,  the 
superiority  is  genuine.  Both  are  superior  to  caffein  in  producing  less  of 
the  ner\-oHs  side  actions.  Theobromin  ako  acts  much  more  promptly, 
i.t^  within  a  day,  whilst  caffein  requires  four  days  to  reach  its  full  effi- 
ciency. Exceptionally,  caffein  succeeds  where  theobromin  fails  (Chris- 
tian, 1913). 

No  tellable  quanUtative  experiments  an  the  relative  diuretic  aciion  of  ilie  various 
uUhia  derivatives  have  been  made  —the  much-quoted  experiments  of  .\ch  being  based 
fltttoorew  aninul»  to  have  much  value.  The  attempt  to  corrclale  the  diuretic  and 
MKoUr  action  {Schmicdebergi  h  therefore  premature.  Mendel  and  Kahn,  1913, 
FoBBdilut  moft  of  the  newer  methylated  xanthine  are  not  diuretic. 

Differences  in  flie  Members  of  the  Group. — Caffein  has  the  most 
powerful  central  nervous  action,  with  relatively  weak  peripheral  effects. 
»V  strongest  diuretic  action  is  produced  by  Iheophyllin  (theocin),  which 
tlio  causes  the  most  marked  cardiac  stimulation  and  coronary  dilation. 
lis  central  efTccts  and  its  action  on  muscle  approach  those  of  caffein. 
Tkt^omin  (diurctin)  acts  most  powerfully  on  muscle;  its  effect  on  the 
loarl  and  urine  are  intermediate.  It  causes  very  little  central  stimula- 
tioo-  (The  toxicity  of  theobromin  to  isolated  muscle  is  \\^  that  of  caSein 
CVftc>-  and  Walker,  igio).) 

Tht  pkarmacotoiy  ef  iheobromia  woa  fint  investigated  by  Milcherlich,  1859.  and 
(nrthtr  by  Fllehne,  1886.  It  was  used  cxprimeniatly  as  a  aiurciic  by  von  Schrncdcr, 
tiSj,  to  avoid  the  supposed  vasocon>>triction  of  CBflein.  He  found  it  effective  without 
dtloral;  aiid  the  nciinn  on  oral  administralion  cxtcndwl  over  twenly  hours — presumably 
bccMtsc  its  iosolub&ity  caused  slow  absorption.  'Vhis  led  to  its  clinical  introduction 
by  Gran. 

Tht  Composition  of  the  Vrinc.—von  Schroeder.  1886,  showed  that  the 
orine  in  caffein  diuresis  is  more  diluted  (its  molecular  coiicenlration  may 
fan  below  that  of  the  blood;  Dreser,  1802) :  but  that  the  absolute  quantity 
oi  ihc  solids — urea  as  well  as  salts— ^is  increased.  Entirely  similar  changes 
occur  in  other  forms  of  diuresis,  so  that  they  are  not  characteristic  of 
csffein.  and  throw  no  light  on  its  actions.  The  urinary  protein  in  nephritis 
B  ordioarily  not  incrci^ed. 

DiflercDt  inveatiftautrs  disagree  as  to  which  tti  the  solids  is  most  increased,  the  Mdta 
^iCKoir  aod  Camus,  1903),  or  the  urea  (Anten).  Presumably  this  varies  with  circum' 
t^^T*"**  In  rabbits,  the  salts  may  be  increased  mihuui  diuresis  (Kat^uyama,  1898 
aad  igoi):  and  thi&  may  also  occur  whca  caHcin  is  pven  m  human  diabetes  (E.  Meyer, 
igcK).  On  the  other  hand,  Sellei,  iqii,  dc^cribirs  thconhyllin  diuresis  with  little  change 
la  die  epeditc  gravity  or  solids.  In  rabbiu,  thcaphyllin  increased  the  K  and  \a,  but 
not  Mnlld  with  eadi  other  or  with  the  diureiU  (H<>rk.  iqii).  The  chlorid-rttainint 
mathmniwm  is  broken  down  in  rabbits  iPotot^ky,  igoi;  Locwi.  iQ03).but  not  in  dogs  or 
MSS  (SoOmanD,  1003;  Haslcins,  1904-.  Sollmann  and  Hofmann,  iqos;  Saccone.  tgii). 

SoBmann  and  McComb,  iH(>9.  found  (hat  caffein  did  not  increase  aphysiulojijc 
dBvMJMitfwi  and  Emerson,  looi,  saw  no  incrca^»e  of  albumin  in  acute  or  chronicnephritis 
■■Irr  tlicobromin.  Pouchet  and  Chevalier,  1Q03,  claim  (hat  lar^c  doses  of  (heopbyllin 
IbIm*  the  (Clomcrular  and  tubular  epithelium. 

.\stolfam.  i()05.  states  that  caffein,  in  common  with  other  diuretics,  Increases 
tkrtit.  when  benzoic  acid  i»  administcrcd- 

fffmitk  \%  not  affected  by  caffein  (Oil  and  Scott,  igi2). 
c  Use  of  Diuretic  Action. — The  me thyl-xan  thins  are  em- 
for  the  removal  of  cardiac  ejusiaru.     The  diuresis  is  pro- 
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porlional  to  ihe  effusion,  sets  in  promptly,  and  ceases  when  the  drug  is 
withdrawn.  It  is  therefore  especially  useful  for  two  or  three  dav-s  at  the 
IjcginninK  of  ihe  more  slowly  acting  but  more  pernumenl  diftitatis  treat- 
ment. CafEein  is  the  least  active  of  the  series.  It  may  be  Riven  in  the 
doses  of  0.3  Gm.  (5  grains)  of  cilrated  caffein,  in  watery  solutions,  three 
times  a  day,  but  Taylor  found  at  least  0.5  Gm.,  four  times  daily,  neces- 
sary for  a  full  effect. 

Theobromin  (i  Gm.  or  15  grains  of  thcobromin-sodium-salicylate,  or 
diuretin,  in  water,  four  times  a  day)  has  the  advantage  of  producing  a 
better  diuretic  efJect  with  the  least  side  effects.  Taylor  found  that  a 
daily  dose  of  30  grains  produced  very  little  effect;  40  grains  a  moderate 
diuresis;  but  80  grains  (5  Gm.)  were  rec;uired  to  secure  the  majiinium 
efficiency.  This  quantity,  when  divided  into  four  doses,  was  well  tole- 
rated, it  has  also  been  used  intravenously,  20  c.c.  of  5  per  cent.,  Neuhof, 
1913;  but  it  is  doubtful  whether  this  is  justified.  TheophylUn  (theophyllin- 
sodium-acelatc,  or  thcocin)  is  the  most  powerful,  but  has  been  charged 
with  sometimes  causing  renal  irritation.  Its  dose  is  0.3  Gm.  =  5  grains, 
three  times  per  day,  administered  in  hot  tea.  -^ 

In  renal  or  hepalic  ejfusiotts,  the  efHdency  is  less  certain.  In  acute  O^M 
chronic  parenchymatous  nephritis,  there  is  often  no  res})onse  whatever,  '  1 
while  chronic  interstitial  nephritis  usually  rcsjxmds  (J.  Miller,  1912);  but 
unless  the  dosage  is  very  small  and  carefully  watched,  the  toxic  side  ac- 
tions may  set  in,  and  the  renal  condition  grow  worse.  TheophylUn  and 
theobromin  may  cause  renal  irritation;  it  would  therefore  be  better  to 
avoid  the  methyl  xanthins  when  the  kidneys  are  acutely  irritated.  In 
anuria,  the  methyl  xanthins  are  generally  ineffective.  Christian  et  al., 
1Q15,  stale  that  diuretics  are  generally  ineffective  in  chronic  nephritis, 
unless  there  is  edema.  They  would  therefore  be  of  little  use  against 
nephritic  toxemia. 

Absorption,  Fate  and  Excretioii.^Ca0ein  is  readily  and  completely 
absorbed:  none  appears  in  the  feces  even  after  large  doses.    Only  a  small 
fraction  is  excreted  unchanged  in  the  urine.     This  excretion  starts  and  is_ 
mainly  completed  promptly,  but  traces  may  continue  for  two  or  three  da] 
(Salant  and  Rieger,  1012).     A  somewhat  larger  fraction  loses  a  part 
its  methyl  groups,  and  appears  in  the  urine  as  di-  and  mono-methvl- 
xanthins.    It  is  not  known  whether  this  is  effected  by  oxidation  or  hydroly- 
sis.   The  remainder — up  to  80  per  cent. — is  completely  oxidized  to  urea. 
Practically  none  of  the  caffein  is  converted  into  uric  acid  (which  is  largely 
the  fate  o£  hyjKixanlhin  and  of  xanthinl. 

Theobromin  undergoes  changes  similar  to  caffein,  but  a  larger  fraction 
(32  per  cent.)  escapes  decomposition.     The  greater  part  leaves  as  hetero-^ 
xanthin. 


'M 


QuanlUaiiw  Excrrtion. — The  quantity  of  callctn  which  is  cxcrctwJ  unching«d  vana 
with  the  dose  and  with  different  animals  hcin^  only  i  per  ccol.  in  carnivori,  less  than 
8  per  cent,  in  man,  and  6  to  3o|kt  cent,  in  rabbits  (Ko:>t,  t!^93;  SaUnt  and  Ricger,  igts). 
The  relative  i)uanti(y  oi  the  various*  mono-  and  dimethyl- xanthins  also  varies  in  diRcf- 
eat  animals,  representing  10  to  40  per  cent,  of  til's  cai^cin  (.\lbanc&e,  1895;  BoodtyosU 
and  Gottlieb,  18Q5.  Krueger  imd  Schmidt).  The  liier.ilure  has  been  summariand  by 
Bloch,  1906.  The  dcmcthylatinn  is  rclatded  by  alcohol  (Solant  and  Phelps.  191a). 
Emury  and  Salant.  1909.  report  experiments  on  the  decompo^tion  of  caffein  in  the 
liver.  A  trace  appears  in  Ihe  stomach,  intestines  and  in  the  bile  (Salant  and  Rirper-). 
The  gastro- intestinal  excretion  is  hifthcr  when  the  Itidneys  arc  excised  (Salant  and 
Jtieger,  1913).  The  loss  of  methyl  groups  occurs  in  pretty  much  all  organs 
ipto). 
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Toxicology. — The  faial  dose  of  caffein  is  so  large  (presumably  about 
lo(jm.|,'  Ihat  no  fatal  case  of  poisoning  is  on  record;  but  doses  above 
I  Gdq.  may  produce  alarming  symptoms,  and  even  therapeutic  doses  may 
ause  unpleasant  side  actions. 

With  lar^fT  doMfs,  the  pulse  U  full  and  hard,  quickened  or  slowed,  n-ilh  palpitation 
xnd  prtcordtal  distress  (sometlme'4  angiaiil  attacksj.  The  hrad  is  hravy,  throbbing, 
toahiwl;  often  intense  lic;i(JLt^-he  uiiil  ^reat  anxiety.  Kestlea!tnci«  and  excitement, 
hsonnia  isomrlimcs  mild  di-lirium,  aph.i'^ia.  fever).  Vrrlign,  mtusra,  ^crn'ral  discom- 
(art,  btigue,  weakness  ;romctime»  burning  in  the  throat,  ga&uic  distress,  ht^t  flakes, 
pmpintion.  insensible  phitrynx,  swollen  tijii^uc,  nn>png  in  ibe  ears,  flaiihc«  in  eyei). 
"nernDTS  of  jaws,  hand>  and  feet,  and  miis-tular  stillness.  Quickcnctl,  embarrassed 
mpnition.     Increased  micturition  (sometimes  ardor  urins  and  erection). 

Ib  KTf  sntrf  djfi.  there  is  vomiting  (sometimes  violent  diarrhea  anil  tenesmus); 
^tiuu  choreic  tremors.  0^1l:ip5«,  withsm.'ill,irreKtil.arArTh>thniir  pulse,  coldexlremi- 
da, dOated  pupils.     <.*onsdousn<.'«s  Is  uaualLy  inmct,  but  there  may  be  delirium. 

Ttat  Ejtfts  on  Animais. — The  symptoms  in  unimals  correspond  fairly  \u  those 
ttHntd  Id  man:  rcstlcuness  and  increased  retlexe»:  increased  respiration,  ^ominna 
udiWrhea;  muvcular  wealcDe»s.  Then:  clonic  or  tetanic  convulsions,  during  wliich 
tofiiniioD  may  stop,  with  or  without  resumption;  cshamtJon  and  tncreasinR  puTal%'si&; 
death  in  one  to  four  hours.  The  fatal  dose  lies  abcmt  o.ij  Gm.  per  kilogram.  Dugs 
ud  att  are  somewhat  more  susceptible  than  rabbits  and  guinea  t'>f^-  ^^^  ^^^^  ^X 
BMlb  it  but  little  lar^r  than  the  intravenous  dose,  except  to  rabbits  (Salant  and 
•kKtr,  i^io.  lou).  Vounjimice  are  more  resistant  than  old.  TheefTecti  in  hirds 
BJtiicsilax  fBn]l);  \n  frogs  they  are  modified  bv  the  omet  of  rigor.  Ilie  toxicity  is 
■Kniiuilied  by  temfierature  above  <)8°r.  At  45'F.  llie  muscular  effectft  predomtnnlei 
•Ue  tbeconxtibioiu  bcocmte  more  prominent  as  ibe  temperature  b  increaftcd  (Salant, 
101  j). 

Rttmery  is  usually  complete  wiUiln  a  day,  even  when  ihe  symptoms 
■eft  violent.  Some  rtrsllessness  and  weakness  may  remain  for  a  time. 
It  is  claimed  (Kunkei)  that  large  iherapoulic  doses  have  been  followed 
b}'  Dcphrilic  urine,  but  on  the  other  hand,  daily  doses  of  1.25  Gm.  have 
oiten  been  given  without  detriment  (Becher,  18S4).  Idiosyncrasy  toward 
caffein  is  marked,  a.s  every  one  knows.  Children  and  nei^'ous  and  weak- 
coed  individuals  appear  to  be  relatively  more  susceptible.  Overdoses 
should  be  avoided.  es|wcially  in  myotardilis. 

Treatment.— This  would  consist  in  evacuation  and  narcotics — bromid, 
alcohol,  uhloral,  or  morphin.  The  princi|jal  indication  would  be  to  reas- 
sure thr  patient. 

Theobromiu  and  theophyUin,  in  excessive  doses  or  In  susceptible  in- 
fUviduah,  may  produce  toxic  effects  similar  to  caffein:  headache,  nausea, 
^■omiting.  epileptic  spasms,  albuminuria,  ga.stric  hemorrhage,  etc.  (Robert, 
Schmic^teberg,  Seifert).  These  manifestations  are,  howe\'er,  rare.  In 
paticni'i,  large  doses  of  theophyUin  are  said  to  have  produce*! 
Schlesinger,  1905).  Chevalier,  IQ14,  claims  that  some  commer- 
cial thcobromins  contain  toxic  impurities;  this  requires  more  confirmation. 

PREPARATIONS — CAFPEIN   GROt'P 

ifM.  U.S.P..  B.P.;  Caffdn  (Thcin);  L\H,«N.O,  +  H,0.— A  Iccbly  basic  alka- 
dy  pre[wred  itotn  tea.  White,  silky,  needle-crj-stals;  odorles.s;  bitter  taste. 
ilcr  (1:46)  and  in  ale.  (i:A6).  lu  solubility  in  water  is  greatly  increased  by 
beat,  citric  atdd.  bcnzcwles  or  salicylates,  brumids,  antipyrin  and  a  number  of  other 
OTdntsnccs.  Im-nmpalihlf  with  tannin.  Dose,  0.15  <'>m.,  :\  gr.,  U.S. P.;  ox>6  to  0.3 
GoL.  t  to  ;  gr..  B.P.;  in  capsules.     Maximum  dose,  0.5  Gm..  8  gr. 

•  C4/fiiw  Ci'/*aM  (Caflcin.  Cit  ),  r.S.P.;  (CajTrintr  Cilroi.).  HP.;  Citrated  CafTein; 
Caffein  Citrate. — An  unstable  compound  of  uncombincd  cafTein  and  citric  acid,  containing 

Thr  Jntw  ntts  tu  purr  rkllMn;  Ihe  cotTe>pntHlin«  Aatt*  of  cttr»lcd  cftffeio  wovM  ba  ivicc  as 
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not  1  erss  Uinn  48  p«r  ccnl.  o{  caffein.  White  powder,  odorless;  sUghlly  bitter,  add  taste. 
Ciiraled  Cuffein  give*  a  clear  syrupy  solution  with  a  little  water,  but  precipitates  od 
dilution.  The  precipitate  rcdi»»olve$  on  iht*  further  addition  of  water,  the  solubility 
being  about  i:j2.  Incorapjilible  with  carboaatc;>.  Dose.,  0.3  Gm.,  5  gr..  U,S.P.; 
o.ia  to  0.6  Gm.,  3  to  10  gr.,  IJ.P.,  in  water.  The  free  add  readers  this  unsuitable  lor 
hypodermic  use.     Maximum  dose,  i  Gm,,  15  gr. 

Caffeina  Citraia  Hgervtscnis  (Caff.  Cit.  Eff.),  U.S.P.;  Cafetna  Citrus  Efervfjcriu 
(Caffein.  Cit.  Eff. J,  B.P.;  Kffi-rvcscenl  Caffein  Citrate. — Agninulaled  mixture  of  Sodium 
Bicarbonate  and  Tartaric  and  Citric  .Acid,  with  about  3  f>er  cent,  of  Caffein.  Doif, 
4  Gm.,  I  dram.  U.S.F.;  4.  to  8  Gm.,  t  to  1  drams,  B.P. 

■  Cafftiiue  Sodio-hfHLooi  (Caff.  Snd.  B«u,l,  U.S.P. — A  mixture  of  about  50  per  cent. 
cafFein  with  sodium  bcnxoatc.  A  white  tmwder;  odorless  and  of  a  bitter,  aromatic 
U«te.  Freely  aol.  in  water  (i:  i.O.aol.  in  ale.  (1:30).  Dose,  0.3  Gm.,  5  gr.,  by  mouth; 
bypijdermir,  0.1  Gm.,  3  gr.,  U.S.P.;  the  ma»i  suitable  compound  for  hypodermic  use. 
Maximum  dose,  i  Gm.,  15  rt, 

Tkf/Aramina,  Thcobnimiti. — .\  dimelhvU;iiUliin  prepared  from  Cacao  sec<Is  (TTieo- 
broma  Cacao)  or  synthetically.     Very  slishily  *ol.  in  water. 

*  Theobromina  Si^iiy-Mikyl'Os  (Trieobruiii.  .SiKiiu-Sul.).  tT.S.P.;  Thtohrom.  rt  Sod. 
Salicyl.,  O.P.;  Theohromin-sndium-salicylalc  (Diurclin). — Sodium  Theobromin 
(C»H7>I«0tXa)  and  Sodium  Salicylate,  in  appniximalcly  molecular  proportions.  Not 
lesA  than  46.5  per  cent,  of  theobromin.  White,  odorle<«  powder;  sweetish  &aliDe  and 
somewhat  alkaline  taste.  Freely-  -wl.  in  water  (t :  1I;  slightly  »oL.  in  ale.  It  gradually 
ab»orhs  curbon  dioKid  from  ihe.iir  with  the  liberation  of  iTieonromin,  becominf!  parltally 
insoluble  In  water.  It  must  therefore  be  protected  againi^t  exposure  to  air,  and  u 
incompitlibSt  with  ncids;  aUo  with  chloral.  It  Rliiruld  not  be  given  with  meals,  to  avoid 
precipitalinn  by  the  aaslric  acid.  Do!f.  i  Gm.,  15  gr.,  U.S.P.;  0.6  to  i.  j  Gm.,  10  10  jo 
gr.,  B.P,;  well  diluted.     Solutions  do  nut  keep. 

Oiher  Tliecbromin  SaUs. — The  foUowing  are  listed  in  N.K.R.,  but  have  no  spedal 
advantage:  Sodin-acctate  (AKtirin);  Sorlio-formiilf  {Tktcptutrti). 

•  Theophyilina  (Thcophytl.l,  U.S.P.;  ThcophylUn  (Dimcthybcanthin,  Thcocin); 
CiHsN^Oi  +-  HaO.^Whitc  crystalline  jwwdcr;  odorless;  bitter  taste.  Sol.  id  water 
(i:  100)  and  ale.  fi  :8o).  Druf,  o.ie  Gm.,  4  gr.,  U.S.P.,  three  limes  a  day,  in  warm  tea. 
After  two  or  three  days,  it  should  be  replaced  by  theobromin. 

Thro phyHina  Sadic-acelos,  N.N.R.  (Soluble  Tbeodn). — Conlaini  60  per  cent,  of 
(he  alkaloid,     ft  dksiilvcs  in  13  parts  of  water. 

Guaratw.  U.S.P. — .X  dried  p.astc  consisting  chiefly  of  the  crushed  seeds  of  Paulli 
Cuputiu,  yielding:  not  less  Ihnn  4  per  cent,  nf  caffein.     Dose,  2  Gm.,  30  gr-,  U.S.P. 

tldexL  trBiirua.,  U-S-P. — 4  per  cent,  of  Caffein.     Dose,  2  cc,  30  mimms,  U.S.P. 
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Caffein  is  an  important  arlldc  of  popular  consumption,  in  \hc  form  of 
coffee,  lea,  and  other  bevcraj|;es.  The  usual  per  capita  consumption  in 
the  United  States  h  about  10  pounds  of  coffee  and  i  pound  of  Lea  (Graham, 
iqii).  .\  cup  of  coffee  or  strong  tea  contains  about  o.i  Gm.  (i^  grains) 
of  caffein.  Its  effects  are  somewhat  modified  by  the  associated  products 
(the  volatile  products  causing  more  psychic  stimulation,  the  tea-tannin 
and  coffee  oil  deranging  digestion);  but  essentially  the  actiom  are  those 
of  the  alkaloids.  They  consist  in  increased  menial  and  physical  efficiency, 
psychical  stimulation,  comfort,  and  relief  from  muscular  and  mental  fati^e 
and  from  iheirallcntlant  unjileasant  sensations.  These  effects  may  Ik-  very 
useful  in  certain  conditions,  as  in  those  exijosed  to  severe  hardship,  hungrr, 
fatigue,  etc.,  but  ordinarily  Lhcy  are  mere  luxuries— pleasant,  but  super- 
fluous. They  may  do  no  harm  if  the  consumption  is  kept  within  bounds; 
but  nervous  individuals,  who  arc  the  most  apt  to  be  injured  by  caffein. 
arc  most  likely  to  exceed  these  bounds.  The  bad  effects  are  usually  not 
very  serious,  and  disappear  promptly  if  the  habit  is  discoatanucd.  They 
consist  in  nervousness,  tremor,  palpitation,  insomnia,  headache,  and  diges- 
tive disturbances. 

The  habitual  consumption  of  caffein  confers  a  very  limited  toleraucci 
Its  withdrawal  docs  not  produce  any  marked  abstinence  symptoms. 
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Coffee  and  chocolate  arc  useftti  Jlamrs  and  extem]x>raneous  vehicles, 
cipccially  for  castor  oil  and  cod  liver  oil. 

Cdbe  (Caflea)  coiuists  of  the  dried  seed  of  ColTca  Ambica,  Rubloccsc.  The  con- 
ilitueats  of  Lhe  "green  bean"  arc  c&fiein,  fat,  coflalic  .nid  «:hluroKeiiic  acid,  sacchurcise, 
tti.  The  chlorugcnic  uctd  gives  a  green  cnlor  willi  iron,  similar  Lo  lannin,  and  in  iu 
iapore  form  it  w»s  formerly  called  -Caflfotannic  acid."  Gorter,  1910,  has  found  it  in 
wol  100  plants.  On  uudatiun  it  yields  c^ilTeic  add.  It  dt0ers  from  tannins  in  that 
it  ixs  not  pTct'ipitale  protein;^,  and  is  therefore  not  o&tringenl.  The  parcmiagt  of 
utrin  vanes  in  diflcrent  specimens  from  ^3  to  3^  pcrccnL,  u&ually  about  1,2  per  cent. 
(Mcnic).    It  ext»ts  mainly  an  caflein -potassium  ctilorogenutv  (Gortcr,  IQ08). 

Ill  fie  pcoceas  of  rciuiint  C*-"^-  heating  the  seed  to  20^  lo  ijo'C.)  a  sniall  amount  of 
oAiit  I5  \'olatilized;  but  nince  about  10  per  cent,  of  water  i^  driven  off.  tJic  percentage 
ofolfcia  ia  actually  a  iriSe  higher  (1.35  per  cent.)-  The  main  cbanxc  in  roasting  con- 
■ini  ia  the  productiun  of  aromatic,  brown  and  oily  products.  This  oil  {Cafftot  or 
Ct/im),  aocmding  to  Krdmaun,  igoi,  and  Grafe.  1912,  consists  of  50  per  cent,  of  fur- 
funl  ikobol,  itnd  small  ciuantitie>  uf  viUertaiiic  acid,  plienuL,  pyridin,  and  a  mtrogcnous 
■Rieiatic  ftubfttance.     It  is  probably  derived  mainly  from  the  hcmiccllulo«e. 

Tkt  bf9tra^f,  C0§ee,  is  a  decoction  made  with  6  to  10  per  cent,  of  the  drug.  Prac- 
liaBy  the  entire  cnffein  (perhaps  'i  q)  Is  thus  extrocled;  so  that  a  cup  of  strung  coffee, 
pnpaKd  from  15  to  17  gm.,  contains  about  o.i  to  o.ti  gm.  of  the  alkaloid. 

the  use  of  coffee  aroM;  in  Arabia  and  Kgypt  altout  the  middle  of  the  fifteenth  cen- 
Wy.  Coffee  and  tea  were  introduced  into  Kuropc  about  the  laM  quarter  of  the  scvcn- 
tmith  century-,  about  the  same  lime  as  the  potato,  cinchona,  tobacco  and  chocolate. 

Action  of  Coflfee  Oil. — The  volatile  aromatic  constituents  produce 
Jocal  irritation  and  reflex  stimulation,  in  the  same  manner  as  the  condi- 
neols.  The  hot  water  contributes  to  this  effect;  and  possibly  the  greater 
reactivity  induced  by  the  caffein  heightens  the  reflex  response  (Schmiedc- 

^berg).  The  kwal  irritation  stimulates  peristalsis,  and  with  excessive  use, 
Itndi  lo  ner\'ous  dyspepsia.  It  is  doubtful  whether  the  quantities  taken 
m  the  beverage  cause  any  direct  central  stimulation. 

Witbdm,  Rorer,  and  Reiclierl  could  nol  obtain  any  cffecli  with  coffee  distillates. 
I.  Ldimann.  Aichangelsky.  Hare  and  ^larshall.  and  Erdmann  found,  with  Mtuiil  deies: 
Pfaaoaot  stimulatiuni  increa^ted  respiration;  increased  heart  rate,  but  fall  oi  blood  pre»- 
■m;  muscular  rrstlcssness;  insomnia;  pertipiratinn;  congestion,  hirsr  dures:  increased 
pemtabis  and  defecation:  dcprc:9sion  of  respiration  and  heart;  fall  of  blood  pressure  and 
lenpcrature;  paralytic  plu-nomen.i. 

Tb«  intravenous  iajeclion  of  coffe«  is  more  toxic  than  the  corresponding  caffein. 
Tbk  is  presumably  due  to  the  potassium  (.\ubert).  By  mouth. however,  the  imtanium 
(ou4  Gm.  KCI  in  20  Gm.  coffee)  ii  not  sulhdcnt  to  produce  any  effect. 

Df^ajftinaitd  coffee  dixa  nol  produce  the  cardiac  or  diuretic  effects  of  coffee  or  caflein 
(BoM^uel  and  Ttnencau,  iijis).  The  caffein -con  tent  of  commerdal  decaffeinated 
coBk-.  '    '''f  coffee  substitutes  is  given  by  Street,  igiO. 

T'-  i.oii'sists  of  the  dried  leaves  of  Thea  sinensis,  Theaceir.     ConstUuents: 

Cafic'..  ,  -  ~  "^r  cent.,  usually  s  to  5  percent.);  tannin  do  to  10  per  cent.);  traces 

«f  tbeobri  riliyllin,  santhin,  .-tdL-nin,  and   volatile  oil.     The  black  and  green 

CBtt  «Uffer  ■  ■    _  t  realmenl  to  which  the  leaves  are  subjected— a  fermentation  with 

Uh  black  vancty,  which  midnly  alters  the  color  and  flavor;  lhe  green  tea  i^  rather  more 
0cfa  in  volatile  oH.  The  beverage  is  a  i  to  4  per  cent,  infusion.  A  cup  of  strong  tea 
red  from  5  dm.  of  leaves,  contains  about  0.1  Gm.  of  caffein  tAuberl).  \  quick 
>n  citracts  practically  all  the  tatlcin,  but  only  a  |»art  of  lhe  l<innin  (which  i*.  e5i»e- 
•buDdsnt  in  the  finer  sort.>^).  The  cu^toman.'  brief  inluuoa  is  therefore  commcnd- 
dace  the  tannin  \i  d('leteriou.4  to  <lii|;i-stion,  by  precipitating  proteins  and  idbutn- 
_  bv  kswntne  abwrpti<in,  and  by  irriuting  the  ];a<itric  mucosa. 
The  tt^MttiUatt  is  credited  b^  Archangelsky  witb  actions  umilar  to  those  of  calleoL 
I  fhm"""  and  Teodlau  found  it  inactive- 

Cotft  (Kola,  the  seed  in  Cola  ac-uminata,  blerculiaccff). — This  is  used  cutcnsivcly 
by  tbc  natives  of  .Vfrica,  the  frc^h  and  often  germinaleil  seed  t>etng  chewed.  The  driest 
■Md,  «Uch  hu  been  introduced  .is  a  popular  "tonic,"  contain.^  caffein  (i  S-i  to  3.4  per 
ecBL^  MBaQy  i^  pciceat.);  tbcobromin  ( !-io  per  cent.),  tannin  (Kola  red);  fat,  sugar. 

«*^ 

ta  the  fresh  nut,  the  caffein  is  combined  with  a  glucosidol  tannin  ("  Kolatin,"  Goria, 
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1907}.  This  compound,  nhich  was  formerly  termed  "Kolanio,"  is  partly  decomposed 
in  drying,  by  an  oxidasi:,  into  free  caffein,  glucose,  and  Kola  red  (Uievrotier  and 
Vignc,  190;). 

<jUArana.~A  dried  pa^le,  prepared  by  tht  Indians  of  S»outh  America,  consists  chiefly 
of  the  dried  and  pounded  »ecd  of  PaulUnia  cupatu,  SapiiKUcec.  It  conuins  4  to  s 
per  cent,  of  cafTein,  tannin,  etc.  Mali  (Paraguay  tea)  consists  of  the  leaves  of  Ilex 
paraRuaycnsis.  It  coniaina  0.13  to  r.Sj  per  cent,  caffein  (a  per  cent.,  Bcrtrand  and 
Dcvuj'st,  1910),  10  to  16  per  cent,  of  tuiuuD,  etc.  It  is  used  in  South  .\inerica  for 
preparing  a  beverage. 

Cacao  b  consumed  extensively  as  a  beverage  and  in  the  form  of  chocolate.  (The 
latter  h  a  mixture  of  melted  cacao  and  frugar,  often  with  the  addition  of  Bavors,  stardi, 
etc.).  It  contains  ihcobromin.  instead  of  caffein,  and  therefore  acts  less  on  the  nervous 
system.  It  is  ixUo  rich  in  fat,  which  is  nutrient.-  A  part  (uboul  half)  of  this  fat  (Oleum 
Theobromatis  or  Cacao  Butter)  has  been  removed  from  the  comraerdal  powdered  cacao. 

The  name  Cacao  should  not  be  confuted  with  Cocoa  (the  palm  yielding  the  cocoa 
out),  nor  with  Coca,  the  source  of  cocain.  « 

Cacao  cuosisLs  of  the  fermented,  dried  and  often  roasted  5ecds  of  Tk^broma  Caeac, 
Stcrculiaccx.  Constituents:  Thcobromin  (1J5  to  i^i  per  cent.. usually  i  ?j  percent.); 
a  trace  of  caffein;  50  per  rent,  of  fat;  starch,  tannin,  etc.  The  theobromin  i?  h'berated 
from  a  gluco^d  during  the  fermentation. 

The  f^t  is  generally  considered  rather  indigestible,  but  Neumann,  1906,  showed 
that  it  is  digested  as  well  as  other  fats. 

Chicory. — The  ro;isted  root  of  this  plant  U  used  as  an  adulterant  and  substitute 
for  coffee.  It  probably  contains  similar  empyrcumatic  substances,  but  no  cafido. 
Schmicdcbcrg,  tgi:,  considcri  it  a  harmless  stimulant,  stomachic  and  antiseptic: 
while  Ilor^\-ith,  1908,  believes  it  liable  to  disturb  digestion.  Still  leas  is  krtown  aoout 
roasted  malt  and  other  cereals  which  are  used  as  coffee  substitutes. 

Phenomena  of  Chronic  Caffein  Poisoning.— These  have  been  described 
most  coramonly  in  excessive  tea  drinkers.  A  good  analysis  of  the  effects 
is  given  by  Bullard,  1886.  The  first  symptoms  are  usually  dyspeptic — 
epigastric  uneasiness  after  meals,  and  a  general  lowering  of  the  rocnt&l 
and  physical  tone.  This  is  succeeded  by  restlfssnfss  and  nervous  exciUt- 
bUity,  tremors,  and  disturbed  sleep,  soon  followed  by  anorexia  and  by 
headache,  vertigo,  confusion.  Constipation  is  very  common,  but  not 
more  so  than  in  individuals  who  are  not  addicted  to  tea.  Paipitatwn, 
generalty  associated  witli  irregularity,  becomes  distressing,  and  is  often 
accompanied  by  dyspnea.  In  the  severer  cases,  these  symptoms  become 
aggravated  and  continuous.  Neuralgias,  sensory  and  hysterical  disttirV 
ances  are  common,  but  it  is  not  easy  to  say  whether  these  are  the  cause  or 
effects  of  the  caffein  habit.  Children  who  drank  coffee  were  found  by 
Taylor,  191  i,  to  average  below  the  normal  weight,  height  and  strength. 

The  quantity  of  tea  required  to  develop  these  symptoms  varies  greatly  with  the 
individual.  The  daily  average  consumption  of  HullaJd's  patients  was  five  cups,  which 
corresponds  to  about  0.6  Gm.  or  ji  grains  of  cafTrin.  The  susceptibility  is  much  |:rrafer 
in  youth,  anemia,  \%*cukncss,  insufficient  food,  exhaustion,  and  in  "nervous"  indi\'iduals. 

Differences  between  Tea,  Coffee  and  Cacao.— The  effects  of  excessive 
cofTce  consumption  differ  only  in  minor  details  from  tea;  whilst  tea  tends 
to  constipation,  coffee  is  laxative.  Both  interfere  with  digesUtm,  hut  in 
different  ways:  the  coffee  through  the  irritant  effects  of  lis  volatile  oU; 
the  tea  through  the  coagulant  action  of  the  tannin.  It  may  therefore  be 
obser\ed  Uiat  different  individuals  are  more  injured  by  one  or  the  other. 
The  caffein  itself  probably  contributes  to  the  digestive  derangement, 
through  its  vasodilator  action.  This  may  account  for  the  common  tend- 
ency to  hemorrhoids.  Cacao  may  disturb  the  digestion  through  its  rich- 
ness in  fat,  but  the  other  symptoms  are  not  common;  partly  because  there 
is  less  Inclination  to  its  excessive  use. 

The  acute  effects  on  digestion  deserve  spedal  mention.     Cushny  stales  that  roffee 

and  tea  retard  the  action  of  iht  ffrmmli  considerably  (in  test-tube  cxperimcnO.  whilst 


.  action.     The  accretion  of  gastric  juice  has  been  inveBti- 

pud  bv  Ptncu&sulm,  1906,  using  dogs  with  the  Pawlow  gastric  pouch.  Co0ec  gave 
lOMauerablc  but  brief  incrraie  of  qu;mlity  and  acidity.  "  Malt  coffee"  (the  type  of 
tbf  caSec  substitutes  preparcil  by  ruastini;  cerciUs)  has  a  similar,  but  wvaker  actioa. 
Ta  lad  ordiiury  cacao  decrease  the  secretion;  but  cacao  ia  which  the  fat  has  been  re- 
duce! lo  IS  per  rrnt.  causes  some  increase. 

ChroBic  Caflein  Poisoniiif  in  Animals.— SaLuii  and  Rieficr,  1910,  found  that  the 
tMiriimn]  admiuijlraii'jn  of  doM.-s  which  did  not  cause  acute  effects,  eventually  pro- 
dxtdcmaciatioD,  often  ending  in  death.  The  stomarh  and,  to  n  less  degree,  the  into- 
■iacibovrtd  indamnutory  changes. 

Ob  the  other  hand,  they  fuund  that  habituation  inerea»cH  the  tolerance  to  acute 
poiniuag.  the  fatal  doM;  being  15  to  80  per  cent,  larger  than  ordinary.  Gourewiiscb, 
'OTi  «»o  daim*  a  "hi^lnKenctic''  habituation. 

Mice  kept  continuoui-ly  under  caffein  were  found  to  exhibit  less  thao  the  rutrmol 
wWty,  but  showed  .i  normal  gain  in  weight  ("Nice,  1913). 


THE  MORPHTN  GROUP 

Members. — The  morphin  group  comprises  opium  and  moat  of  its 
ilbloids;  .Morphin,  codein,  narcolin,  papavcrin;  also  thi:  cslct^  formed 
br replacing  the  H  of  one  or  both  of  the  hydroxyls  of  morphin:  Mt-thyl 
oMrpDiQ  (codein);  diacclyl  morphin  (heroin);  ethyl  moqihin  (dionin),  etc. 
That  resemble  each  other  io  their  pharmacologic  actions,  but  present 
Hiinor  differences  which  are  of  practical  significance.  Since  morjihin  is 
Ik  most  important  meml>er,  it  will  be  considered  first. 

Central  Nervous  System. — The  mo^^t  important  actions  of  morphin 
lit  on  the  central  ner\'ous  system.  It  depresses  the  brain,  especially  its 
higher  functions.  The  medullary  centers  are  first  stimulated,  then  de- 
pftKJcd.  The  reflexes  and  the  spinal  functions  are  mainly  stimulated. 
Tie  effects  arc  broadly  identical  in  all  vertebrate  animals,  although  the 
doQge  varies  greatly,  and  the  symptoms  show  considerable  differences  in 
ibrieUtlve  prominence  of  certain  phenomena  and  in  the  time  required  to 
pCDtlocc  the  successive  actions. 

Sarcotu  Action. — The  descending  depressant  action  of  morphin  is  well 
iUoKtralcd  by  the  frog,  in  which  the  development  of  the  symptoms  corre- 
sponds very  closely  to  those  produced  by  progressive  removal  of  the  brain. 
Tilis  is  aLso  the  general  course  in  mammals;  but  with  these  the  symptoms 
wt  more  confused.  The  difference  is  explained  by  the  more  rapid  action 
erf  the  drug,  and  by  the  more  intimate  correlation  of  the  nervous  centers. 

Bf<tts  cf  iforphiit  (Wt  Frogs. — After  doses  of  30  to  50  mg.  the  symptoms  start  with 

dWntitiiio.  uml  then  absence,  of  voluntary  movements,  but  the  animal  reacts  normally 

•fcen  !.     (This  corresponds  to  ablation  of  the  hemispheres.)     The  frog  sits 

qyeti  -  "cmal  position;  he  will  climb  up  an  inclined  plane  and  give  the  croaking 

tdk*  vhcA  Urukerl.     When  placed  in  a  lummer  til1e<)  with  water  and  inverted  in  a 

laqft  rcBsd  of  water,  it  will  leave  the  glaj^s  to  seek  the  air.     As  the  narcosis  deepens, 

h  «9  remain  under  the  gla»s.     I'laced  on  the  table,  its  leaps  become  more  and  morv 

clsBi»y.  and  it  di>r<;  not  avuii]  obstacles  in  jumping  {corresponding  to  exci»on  of  the 

catputm  aBjulrigcmina).    Then  the  atiimal  faiU  to  leap  even  when  stimulated  (paraJj-i>is 

ct  CeP^boltan)',  but  when  tumctl  nn  its  back,  it  »-ill  ^l-^umc  its  normal  sitting  poMtmn. 

Thia  reartion  also  becomes  more  and  more  delayed,  and  can  be  obtained  only  by  rein- 

faPciaK  the  stimulation  thnjugh  pinching,  etc..  until  finally  it  fail*  allogclher  (paralysis 

■f  MMgilttLU  oblongata).    The  reflexes  are  weakened,  but  present.     The  rcspiiation  is 

dKrHUcd. 

il*fpkin  Tetanus  in  Fregi. — After  the  frog  has  remained  in  this  depressed  condition 
Ivione  tknc  la  few  minutes  to  several  hours;  the  shorter,  the  larger  the  dose),  the 
tm^intion  beCMnes  spasmodic,  resemhiine  Nuperfictally  the  (Thcync-Stoko  t\-pe;  then 
ckc  ffrfnal  nfle.TC!t  return;  and  the  frog  pasacfl  gradually  into  a  tetanus  of  the  strychnin 
type,  located  id  the  spina)  cord.     The  delayed  up|>earance  of  this  tetanus  is  due  to  the 
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slow  abMrption  of  the  effective  do*e,  for  it  appears  at  once  on  intravenous  injection 
(StoclcmaQ,  1891).  The  cuuvuUiuns  uccui  mure  promptly  if  the  heart  is  tied  oQ  (Gitli- 
ens  and  Meltzcr,  191 1),  presumably  because  thus  more  of  the  morplnn  reachts  Lbe 
nervous  axis  (Abel,  tgti).  Tbc  onset  is  oImi  hastened,  and  the  ncccfsary  doM  reduced, 
by  cold,  und  hy  removal  of  the  cerebrum,  whiih  inhibits  convulsiom.  The  results  are 
more  prompt  ii  the  medulla  is  not  dcsitroyed  (('ithens.  iQi^). 

McGuigan  and  Ross,  11J15,  fmd  that  the  previous  injection  of  morphlQ  SCttaliies 
frO)^  to  strychnin,  so  that  strychnin  tet;iniis  develops  mare  quickly — pFO\ided  that  s 
latent  period  of  oiic-h:iir  to  two  hours  elapses  bclwxen  the  murjihiii  and  strychnio 
.injections.  They  believe  that  the  tctanizinj;  action  is  due  to  an  oxidation  product  of 
morphin,  since  an  artiticially  oxidized  morphin  tetanizcs  more  rapidly.  Along  the  same 
lines,  they  explain  the  usual  absence  of  tetanus  in  mnmmnW  by  assuming  rupid  destruc- 
tion of  the  tetnnizirtg  substance.    The  explanation  involves  some  unproven  as^umptiooi. 

Death.^Thc  tetanus  is  mixed  with  paralytic  phenomena,  the  animal  KHnR  fax  be- 
tween the  spasms.  Eventually  the  paral>'sis  becomes  permanent  and  cncb  in  death. 
The  iKiirt  is  still  hcatinR  .it  this  statue  and  if.  indeed  little  a^ected  directly.  Dciath  may 
also  occur  during  a  spaam.  The  coQ\'ubive  stage  may  be  absent  with  very  lai^  or 
very  small  doses. 

Rcc(M>eTy.^li  recovery  occurs,  the  depressed  functions  recover  in  inverac  order  to 
their  appearance  (Wilko'wski,  1877.  Thi.s  paper  nl»a  pves  lbe  older  bibliography  of 
the  experimcntil  work  wrilh  mor^jhin). 

Inverlebrates  do  not  show  typical  morphin  efTects. 


n 


Narcotic  Symptoms  in  Human  Subjects. — The  first  effect,  produced 
by  doses  too  small  to  elicit  any  other  symptoms  (5  mg.),  consists  in  dimin- 
ished sensibility  to  lasting  impression.^;  especially  such  as  give  rise  to  pain^ 
cough,  fatigue,  hunger,  discomfort,  and  oilier  disagreeable  sensations. 

Somewhat  larger  closes  (10  nig.  or  morej  depress  the  attention  and  thus 
weaken  the  appreciation  of  other  external  impressions.  A  sudden  stimulus 
may  evoke  u  normal  or  exaggerated  reflex  response;  there  is  even  incrca.<>cd 
acutcncss  of  perception  of  external  impressions  (Kraepclin,  1892);  but 
persistent  or  gradual  stimuli  are  neglected.  The  stimuli  are  evidently 
transmitted  to  the  brain,  but  do  not  fix  the  attention.  The  faculties  trf 
concentration,  of  judgment  and  of  memorizing  (Weygandt,  100,^)  are  all 
seriously  disturbed,  constituting  a  narcosis.'  Through  this  exclusion  of 
external  stimuli,  the  patient  is  quieted,  and  then  passes  through  a  dreamy, 
apathetic,  drowsy  state,  into  natural  steep.  Exceptionally,  the  disturbed 
balance  of  the  brain  leads  to  excitement  (cspcdally  in  cats)  and  even  to 
delirium. 

Larger  doses  cause  a  much  more  extensive  depression,  the  sleep  becom- 
ing so  profound  that  the  patient  can  be  aroused  only  incompletely  and 
with  difficulty.     Eventually  the  coma  and  insensibility  are  complete. 

Relative  Analgesic  Action  of  Opitun  Alkaloids. ^Morphin  is  decidedly 
the  strongest  hypnotic  and  analgesic  meniber  of  the  group. 

ArudteTic  Experiments  on  Man. — Machi,  Uennan  and  Levy,  I9t6,have investigate) 
the  influence  on  the  sen.si>ry  threshold  by  a  qunntitauve  method.  They  find  the  c&- 
cicncy  highest  with  morphin;  then  come&  pupdverln;  tht'ii  codein;  narcoiin,  nurceis  aad 
thebain  are  practically  not  analgesic.  However,  narcotin  h.-is  a  considerable  poten- 
liatin^j  action  on  morphin. 

With  h>'podcrmic  injection,  5  mg.  of  ntorphin  produced  no  measurable  luuklRestc 
effect;  -.vith  10  mg.,  the  analxeaia.  was  marked  in  two  subjects;  the  third  responded  by 
hyperesthesia,  especially  to  larger  doses,  :iUho\if;h  all  the  other  narcotic  ettcctft  were 
present.  \V'ith  riidein,  10  to  35  mg.,  the  analgesia,  was  only  :Uigfat;  with  papcverm, 
40  mg..  it  was  as  strong  as  with  10  mg.  of  morphin.  but  slower  and  shorter:  with  tMrraliUt 
S  mg.  was  inefTectit'e;  ?o  to  40  m^.  produced  first  some  hyijerexdlability;  then  %li^t 
analgesia.  Narcein  and  thebain.  10  mg.,  were  inelFective.  With  a  mixture  of  equal 
parts  of  raorfduD  and  narcotlo,  cuataimng  3^3  mg.,  the  analgesia  was  almost  as  (tmI 

>  NmrcoUu  mn  aubstancM  which  h«ve  the  proprrty  o(  Hup«()-lng:  Opiam,  ttlnihol. 
atropia  and  Hmilir  drajti- 
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a  witii  10  mg.  of  tnorphio  alone, 
■ho  rooted  morphia. 


This  combioatiun  was  also  effective  tn  the  subject 


» 


KnttttBt  Effects  in  Man. — Some  Eastern  races,  especially  the  Malays, 
isalso  some  individuals  ot  other  races,  particularly  women,  are  apparently 
more  excited  than  depressed  by  morphin.  This  also  can  be  explained  by 
dimiaishcd  restraint,  rather  than  by  direct  stimulation.  The  same  ex- 
{^aoation  probably  holds  true  also  for  the  flights  of  imagination  which  fill 
ibe  period  preceding  the  sleep. 

Effects  of  the  Other  Members  of  tiie  Group.— Codein  and  diacetyl- 
flWfphin  are  less  quitting,  and  perhaps  more  excitant  and  convulsant  than 
norphin.  Codein  dops  not  inhibit,  but  rather  increases  the  convubions  of 
camphor,  etc.  (Januschke  and  Masslow,  iQis). 

*"n[*'^**™' — It  U  aelf-evidcnt  that  aa  unrestrained  Imagination  will  take  ver>' 
difmeai  directions,  according  lu  the  individual.  In  some  it  \>-ilI  tend  directly  to  s!«p; 
BMhen,  it  may  ctm  prtr^nl  sU^p;  in  some  it  will  be  highly  unplca^uint,  whiUt  others 
■Bittk  to  repeat  the  cx|)cncticc  and  tbuii  fait  easy  victims  to  the  morphin  habit.  The 
afMiiiac  everts,  which  occur  in  !«ome,  and  tlie  ana|>hrodisiac  action  in  others,  depend 
■pM  this  action  on  the  imaj^ination. 

Spidtl  Senses. — These  are  not  affected  directly.  They  inay  anpear  disturbed 
ttoD«{h  the  impaired  attention,  or  through  the  hei^^htencd  reflex  irritaotlity. 

Spaptotnt  in  the  Lower  Manunals. — The  efTecis  are  almost  purely  depre^Aant 
Upathy,  itupor,  analgesia,  >!ecp  and  conul  In  the  dog,  rabbit,  guinea  pig,  wnitc  rat, 
■meud  sparrow.  The  acute  riftli-xes  arc  heightened,  but  firm  prMsurf,  which  would 
bensd)  niore  painful  in  normal  anim:ils,  elicits  no  rcstponsc.  Dofix  exhibit  a  {leculiar 
ckBtiMSS  mod  incoordination  in  llicir  voluntary  movements.  They  5tand  and  wallt 
vstctiUy,  and  often  drag  their  hind  Ick^  {"Hyeroid  walk"  C).  llcrnard).  These 
■Mm  symptoms  resemble  those  of  ablation  of  the  motor  areas.  On  the  other  hand. 
Ott  often  sees  convulsions,  tremors  or  chorcifonn  twilchings  of  the  limbs.  The  tx- 
*^Mity  ttf  tkt  molin  liretti  to  electric  stimulation  is  nulaUere<l  even  by  the  brse^l  doaea 
(StUof.  t'Sji).  The  respiration  may  at  &ntt  be  vcr>'  rapid,  but  is  eventually  depressed. 
ViaoBting  xad  defecation  occur  early. 

In  the  tttt  (and  aUo  with  the  borse,  ass,  beef,  sheep,  pif*  and  goat  and  sometimes  in 
dopl  the  TiMfii  it  prectdtd  6y  mort  or  lea  rxcUfinrnt.  The  cat  particularlj'  exhibits  a 
VMnt  raanta,  race«  about  as*  if  in  extreme  terror,  with  prominent  eyes  and  widely 
oWmI  pupQs,  ccratchinK  and  clawing  wildly.  Sometimes  there  arc  even  con^'ulsions. 
j  Tkar  ^'.innrnms  have  been  interpreted  a."?  stimulation.  In  fact,  however,  the  psychic 
Bok'  r.resseii;  the  aoimal  il<>es  not  avoid  olistacles  in  its  career;  ma^kl^d  anal- 

JDKki  ;    I.     The  excitement  is  apparently  due  mainly  to  terror,  (o  which  the 

■uie*  coQiributes  greallv.  and  which  is'nol  inhibited  by  the  normal  restraining  im- 
puba  (itDoe  these  are  dulled  by  morphin].  The  excitant  eflcct  on  cat£  is  also  produced 
M  Dnfau  and  thebun;  whilst  papuvcrin  and  narccin  arc  muinlv  depressant  (C.  H. 
HAt.  ,908). 

tiliahe  Trtxiriiy  far  Diftrr$tt  .luifliii/j.— The  tolerance  for  morphin  differs  rcmnrk- 

■Mj.    Man  14  by  f.ir  the  miKt  suscejitible,  the  faUJ  dose  man  for  being  no  greater  than 

tb>t  nquireij  for  a  frot;  of  but  t?ooo  the  weight.     Pigeons,  goats,  rabbits  and  pigs 

raqvin  nuriy  100  times  the  human  dose,  per  kuogram;  dogs  and  cats  about  ij  Limes; 

m       ^C"*  ud  cow  two  to  four  times. 

H^  Respiratory  Center. — Aforphin  and  its  derivatives  depress  the  excita- 
^U^  of  the  respirator)'  center.  The  spontaneous  rhythm  and  the 
^Hnionse  to  asphyxia,  and  to  reflexes  arc  all  lowca-d.  There  is  also  a 
'  BtAeH  decrease  of  the  cough  reflex;  this  action  probably  involving  a 
•Doewhat  different  mechanism  and  depending  partly  on  the  analge^c 
effect. 

Very  minute  doses  (2  mg.  of  morphin  for  man)  lessen  the  cough  reflex 
vithoat  producing  any  other  noticeable  change.  Somewhat  larger,  bnt 
stiU  oao-narcotic  doses  fj  to  15  mg.  of  morphin),  diminish  llie  excitability 
far  csrbon  dioxid,  and  to  a  U»ser  degree  for  other  afferent  impulses  fY. 
Hcndcnon  and  Scarbrough,  igto).    The  threshold  to  CO1  is  raised  (Hig- 
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gins  and  Means,  1915).  The  respiratory  rate  may  be  slowed  (Gscheidlen, 
1869),  or  slightly  quickened  (Higgins  and  Means,  1915).  With  the  smaller 
of  these  doses,  the  depth  and  efficiency  of  the  respiration  is  somewhat 
increased,  especially  if  it  has  been  superficial.  Dyspneic  respiration  is 
quieted,  and  "air  hunger"  relieved.  Toxic  doses  cause  very  marked 
decrease  of  excitability,  rate,  depth,  and  efficiency;  periodic  respiration 
(Filehnc;  Harbour,  1914),  resembling  Lhe  " Cheyne-Stokes  type"  (Fig.  8); 
and  finally  arrest  of  respiration,  before  the  heart  is  seriously  injured. 

Codetn,  heroin,  and  all  other  morphin  derivatives  produce  the  same 
effects  (Issekutz,  191 1). 

Codein  has  the  material  advantage  of  relative  freedom  from  undesir- 
able side  action  and  is  therefore  preferable  in  cough.  Heroin  has  no  real 
advantage;  it  is  at  least  as  liable  as  morphin  to  induce  habit  formation; 
and  it  is  much  more  toxic  fHarnack,  1899).  Morphin  is  much  more 
effective  than  its  derivatives  in  quieting  dyspnea. 


Pio.  «. — Chcync-Stoltrs  mjiirminn  (HCN  poisaning,  dof). 


Some  of  the  minor  opium  alkaloids  stimulate  the  respiratory  center; 
so  that  opium  is  rather  less  depressant  to  the  respiration  than  would  be 
expected  frcjm  its  morphin  content  (Macht,  1915). 

Rale  and  Depth  0/  Rtspiration. — The  effect  of  morphin,  as  of  most  dru^  actlnj;  on  ih* 
respiratory  center,  u  maliily  on  the  rate.  With  small  doses,  the  Ucpth  15  nflcclcd  ooly 
secondarily,  namely,  incre.i-scc]  in  the  attempt  to  aimpensatr  for  the  slowed  rate,  r&p^ 
dally  if  the  respiration  «-as  prc\-ioasLy  superficial  (Issekutz,  1911).  The  effect*,  iherr- 
fore,  resemble  thottc  nf  wction  of  both  vajji :  thU  suggests  thtit  the  effect  mij^ht  1>e  due  tn 
blockinR  d(  the  normal  augincntor  vagug  impulses;  but  thif.  is  not  the  correct  expUna- 
tiiin,  fur  morphin  iliws  not  Wktck  the  response  to  electric  sliniulution  of  the  vagi,  and  it 
also  causes  a  further  slowing  alter  both  vagi  have  been  dmdcd  (Cushny,  igij). 

In  the  dog,  the  hypodermic  injection  of  morphin  first  causes  a  quickening  of  respira- 
tion (perhaps  through  nause;L>  (ollon-ed  In  fifteen  minutes  by  the  typical  slowing  (Mayoi. 
igo8).  la  the/ro^j,  the  slowing  is  succeeded  by  quickening,  just  prior  to  the  convulsive 
stage.  A  itcaitdary  quickcnimg  'n  alw  seen  in  rabbits  (Filehne,  1879;  Cerfta,  1893)  but 
never  in  man. 

Decreastd  ExcilabUUy  oj  Rtjfnrotory  Ccnier. — This  is  shown  by  lhe  fact  thai  afnt.i 
is  more  easily  produced,  aud  more  lusting  (Filcbne,  1870;  Cushny  and  Licb,  1915}. 
The  hlood  Iwcomes  more  venous,  the  osygen  content  being  decreased  and  the  carbon 
<lioxi<l  incrc-ised  (Tilehne  and  Kionka,  iKqj).  Asphyxia  produced  by  the  inhalation  of 
carbon  dioxid  or  deprivation  of  oxygen  in  normal  animals  increases  the  depth  and  rate  ol 
re*|»iriition.  Under  morphin,  this  response  is  of  tlie  same  l>'pc,  but  verj-  much  decreased 
(A.  Locwy,  1890;  Lindharrl,  1911;  Cushny,  1913;  Cushny  and  Licb,'i9i5).  AQ^erent 
inhibitory  respiratory  reflexes  arc  rendered  more  effective;  but  acute  augmcncor  re- 
flexes arc  not  maccrially  altered  (Cu&hny).  The  response  to  perustent  irritatioo  (cou^) 
is  of  caur>c  diminished. 

Since  lhe  reactions  of  the  center  to  reflexes  and  COj  stimulation  preserve  the  nonn«l 
type.  Cushny  and  Licb  Hscribc  the  action  of  morphin  to  slowing  of  lhe  intrinsic  rhythm 
of  the  respiratory  center.  The  hydrocarbon  narcotics  (urelhunc),  on  the  other  hand, 
depress  tnainly  the  aaphyxial  reflex. 

Morphin  Dtrivathn  on  Respiratiott. — Heroin  was  introduced  by  Dre$cr,  1808,  with 
the  claim  that  therapeutic  doaes  lessen  the  cough  redcx  and  sknr  the  respiration;  bat 
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ibt  ibe  iospirations  are  deepened  sDd  more  powerful,  so  that  the  alveolar  air  is  more 
cSecttvdy  ventikted.  IndcpcDdent  workers,  however,  have  shown  that  llurr  is  ho  real 
Sgtmtjfom  merphin  (Cushny,  1913).  The  dcepcmng  of  the  rcspir.ilion  is  not  con- 
Miit  (Sutesaon;  Lewandowsky;  Ilarnack,  i3oq),  but  is  s#vn  only  with  Mnall  do*es, 
*baiUieslotring  tscxccssivc  or  when  tbc  respiration  has  been  shallow  (Fraeokel,  iSgo). 
Appionnale  doscf  of  codein,  diunin,  and  even  morphin  produce  practically  the  same 
BKt  iFraeokd;  Issckutz,  i<)ii).  In  man,  the  respiratory  effects  of  5  mR.  of  heroin 
cortnpood  almost  quaotilatively  to  those  of  1  $  nig.  of  morphin  (Higgins  and  Means, 

my 

Draer  also  claimed  that  heroin  did  not  alter  the  excitability  of  the  center  to  caiboD 
Add,  hot  lessened  the  reflex  excitability  (to  stretching  o{  the  lunKs).  Impcns.  under 
Dttxr,  likewiic  claimed  the  carbuu  dluxid  thrcshuld  unaltered  by  heroin  (and  dionin), 
fcrt  nii*ed  by  codcin.  and,  of  tour^-.  still  more  by  morphin.    WinlcrniLz.  i3<>o,  found 

Sttheiippo*.ite  result,  the  threshold  being  raised  hy  heroin,  but  not  by  codcin  or  dionin. 
cdiflcrcacc  is  probably  insisnilicant:  nvn<  oj  the  derivatttes  raise  the  threshold  as  much 
timet fkim,  and  they  tire,  therefore,  less  elective  in  reltertng  dyspnea. 

Siftrate  and  CoithiHcd  Opium  Alkaloids  on  Respirattoti. — Tiua  subject  has  been 
timrtipted  by  IVlachl,  1915.  He  find»  the  effects  uf  ynorpkin  on  rabbits  and  dogs 
CMttiaDy  as  described.  Small  doses  (o.i  mg.  per  kilogram}  markedly  slow  the  late, 
bat  mmewbat  increase  the  minute-volume  and  alveolar  ventilation;  but  the  response 
fli  the  CFntirr  to  CO|  is  Aomcwhat  decreased.  Full  doses  (i  to  5  niK-  per  kilogram) 
fiainiih  the  rale,  minute- volume,  alveolar  ventilation,  and  response  to  CO, 

Smdl  Doses  nj  Codeiu  (r  to  2  mg.  per  kilogram)  generally  slow  the  rale,  withoul  much 
^»i^  in  the  nunute-volume,  alveolar  ventilation,  or  COt  re»pon«e.  Convulsive  doses 
(k  n^.  per  kilugrum)  increase  the  ventilation  and  COj  re^ijKinse.  Nartotin  and 
t^mrrin  iocreaic  the  COi  response,  although  the  rate  mzy  be  slightly  slowed.  JVar* 
tm,  ikeMn  and  cryptopin  produce  either  no  eOect,  or  slight  stimulation  of  the  re»- 
ptUBiycmlcr. 

Ctmbinalion  of  the  jtimulant  alkaloids  -uiih  morphin  gives  simple  summation  of 
Wr  nHpiralory  action;  i.e.,  their  «timuUtion  partly  counteracts  the  morphin  dcprcs* 
**oa.  Tnis  is  true  for  opium  as  well  as  for  artificial  mixtures.  It  also  holds  for  the 
puimtd  ttsfitatary  ctMer. 

BrotickiaJ  ^fusrles. — These  are  slighlly  relaxed  by  thera[>fulic  doses 
<rf  ouirphlo,  and  more  powerfully  by  pai>avcrin  an<I  narcotin  (Pal, 
1^13:  Machl,  191 5);  whereas  large  dosca  of  niorpliin,  codcin,  dionin  and 
especially  heroin,  narcotin  and  tliebain,  produce  markt^l  constriction. 
Hjimias  and  Means,  1913,  observed  bronchial  constriction  iu  man  with 
>S  tRft.  of  morphin  or  5  mg.  of  heroin.  The  relaxation  may  play  a  part  in 
tht  relief  of  bronchial  spasm  (asthma);  whilst  the  constriction  may  con- 
iriboie  to  the  a.sphyxia  of  to.tic  doses. 

T^  cjfects  are  peripheral,  (or  they  occur  on  excised  bronchial  muscle  (rriaxatioQ, 
I  Tnadefaoborg,  igi^j  a<>  wdl  us  in  pltned  (coastriction,  Jackson,  1914  and  1015)  and  in 
I  luvi  mtmaht  '^relaxation  with  small,  constriction  with  !ar^  doses;  Urodic  ami  Uixon. 
j  'IPji.  Thecofwtriclor  aolioa  is  not  antagonized  by  alropin.and  must  therefore  be  on 
iW  mux-ir  or  myiiDeural  junction.  It  can  be  overcome  by  powerful  dilator  (sympa- 
^^K  «i  ■        n  (epincphrin,  hordcnin,  JiiLk>on.  KJI4  and  1915). 

I^H        1  ;ion  of  miir]ihin  ami  narcoiin  in  dilator  concentration  gives  Uis  dila* 

^M  Ua  liuu  ciuita  .done  (Alocht,  1015).    This  is  similar  to  the  behavior  of  the  coroaar>' 

p  BnnchiaJ  Secrrlion. — Unless  there  is  nau.sea,  the  secretion  of  mucus 

I  ■Ppon  dimini.shed;  particularly  in  bronchitis.  Thb  may  he  explained 
'  wvdr  by  the  suppression  of  cough,  permitting  a  longer  sojourn  of  the 
aUGQS  in  the  bronchi,  with  consequent  removal  of  its  water  hy  absorp- 
tknuid  dr>nng;  but  there  may  also  l>e  a  central  depression,  analogous  to 
(hat  of  ihr  salivary'  secretion,  for  a  decrea-se  of  tracheal  secretion  has  been 
dettonstrated  in  animals  (Rosshach,  tSSz). 

Circalation. — Tkrrnpfulic  doses  of  morphin  or  its  derivatives  do  not 
»Btcl  the  circulation  seriously.  In  man,  there  is  generally  at)  (indirect) 
fficnaac  of  pulst  rate  immtxiiatcly  after  an  injection;  this  is  quickly  foU 
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lowed  by  persistent  moHerate  slowing,  with  increased  fulness  and  force 
(stimulation  of  vagus  center).  The  blood  pressure,  after  a  short  rise,  may 
remain  level  (Anderes,  TQ13),  or  falls  slightly  (Guinard,  1895),  through 
the  slowing,  and  perhaps  through  incipient  depression  of  the  vasomotor 
center.     The  cutaneous  vessels  are  markedly  flushed. 

With  toxic  doses,  the  fall  of  blood  pressure  is  more  marked  (central 
vasomotor  depression),  and  the  pulse  becomes  weak,  var>'ing  in  rale,  and 
often  aryLhmic  (stimulation  of  \*agus  center  and  disturbed  cardiac 
conduction). 

The  liL-art  muscle  suffers  indirectly,  by  the  low  Wood  pressure  and 
asphyxia  fhcnce  danger  in  cardiac  insufficiency,  especially  when  com- 
bined with  dyspnea).  Ordinarily  the  circulation  remains  fairly  good, 
until  death  occurs  by  paralysis  of  respiration.  Direct  depression  of  the 
heart  is  prmluced  only  when  morphin,  or  especially  its  dcrivajives,  arc 
perfused  directly  through  the  heart. 

Hcring,  1915,  believes  that  the  increased  vagus  tone  resulting  from 
large  doses  may  indirectly  produce  ventricular  automatism,  or  even 
fibrillaliun,  especially  in  pathologic  hearts  tending  in  that  direction. 

Vagus  Crnirr  and  Cardiac  ConductUm, — Dogs  show  the  same  ntenomcnft  In  more 
marked  degree.  The  preliminary  acceleration  is  due  to  nausea.  The  t>'pical  sJowinf[ 
dncs  nut  occur  after  section  ol  ihc  vagi,  and  is  therefore  central.  It  occurs  with  vay 
Bmall  doses,  increases  with  larger  doses,  and  pa&ses  into  arythmta  (van  Kgmond,  1911; 
Ardcrcs,  1913}.  Kk-ctrocardiograms  also  show  central  vagus  stimulation  (Einihoven; 
Cohn,  1013);  and  sinus-auricular  and  auricuio- ventricular  heart -block,  »c|Kirate  or  com- 
bined, removable  by  atropin  (Kv'stcr  and  Meek,  1911,  1913).  The  reflex  exdlabifity 
of  ihe  v.'igus  center  is  also  inrreased  {Jackson  and  Ewing,  1914). 

The  effect  on  the  pul^e  rate  is  inconstant  in  cats,  absent  in  rabbits  (Egmonct). 
Andcres  found  constant  slowing  in  rabbiU),  the  vagus  stimulation  being  portly  centnl, 
partly  peripheral  through  decrease  of  the  nrgative  thnraric  pressure. 

Cardiac  MuseU. — On  the  Langcndorfl  excised  mammaiian  heart,  morphin  and  all  its 
derivatives  first  increase  the  rate  ai}d  amplitude;  this  is  followet)  by  decrease,  and  finally 
8>-atoiic  standstill  (Vinci,  1007).  The  rate  of  the  perfused,  atropinized /r a^'i  Acd/I  Is 
quickenird  by  dilute,  slowed  hy  m4>re  concentrated  solutions  of  uU  the  pupaveraccous 
a]kaloid»;  morphin  being  the  least  deleterious  (Hale,  1Q09).  Lippens,  iQOfl,  faand 
perotiin  hifjhly  toxic  for  the  turtle's  heart.  Narcotin  is  the  most  toxic  of  the  opium 
lUknloid:;,  for  the  heart  (Macht,  1915).  Papaverin  lowers  Ihe  cardiac  tone  (Pal); 
this  is  followtrd  by  considerable  tachycardia  (Renon  and  Dcsbouis,  iqu). 

Cardiac  Ganglia. — These  show  d(»generalive  histologic  ledons,  similar  to  those  of 
alcohol  or  chloroform  tLis&uuer,  1914). 

Cvrnnary  Circulation. — This  Is  quickened,  by  dilation  of  the  coronar>'  vessels,  by 
most  of  the  opium  ulkaloids.  The  action  is  most  marked  with  narcotin  and  papaverm, 
slight  with  morphin,  very  slight  with  codein,  heroin  or  pantopium,  and  absent  with 
narcein  and  thcbain  (Macht,  1915). 

Vasomotor  Effects. — These  have  not  been  satisfactorily  investigated.  Gscheidlen, 
1869,  found  that  the  center  is  not  completely  paralyzed  even  in  advanced  paisoaing; 
stimutittion  of  (he  !f<piiiid  cord  still  gives  n  rise.  Thi*  venous  prrsxurr  is  not  coaoged  by 
moderate  doses,  slightty  lowered  by  toxic  doses,  indicating  vasodilatioa  (t^ppt  and 
Matthews,  1913). 

Cerrhrtsl  Circtdaliim. — The  effects  are  small  and  inconstant  with  ordinary  doses. 
Hucrthle,  i88q.  found  BomcUmcs  an  increase,  sometimes  a  decrease,  of  the  flow.  AHp- 
randi,  1905.  describes  a  brief  conslriclion,  followTd  by  lasting  dilation.  Frankfartwr 
and  Hirsrhfeld,  loio.  describe  an  initial  increase  of  brain  volume,  followed  by  decrease, 
the  latter  probably  due  to  the  fall  in  general  blood  pressure. 

Circulalimi  of  tlie  Skin;  Diaphoretic  Action. — The  cutaneous  vessels  are 
specifically  dilated  (through  the  vasomotor  center)  even  by  small  doses. 
The  skin  is  reddened,  warm,  and  the  perspiration  increased.  This  ac- 
tion is  utilized,  in  the  form  of  Dover's  powder  (PuKns  Ipecac  ct  Opii, 
0.5  Gm.  at  night)  for  the  "abortion  "of  colds.     In  susceptible  individuals, 
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tbe  cutaneous  dilation  may  give  rise  to  exanthemata.  With  toxic  doses 
the  ikin  becomes  pale  (vasodilation  of  the  splanchnic  area),  and  cyanotic 
(k^hyxia). 

Oikir  Poisons  •which  may  Prodttce  Erylkfma  on  Systemic  Administra- 
tion in:  ^tropin,  quinin,  chloral,  veronal,  benzol  derivatives  (antipjiin, 
fttopfaan,  satic}*lates,  aspirin,  etc.)  iodids,  bromids,  sera,  etc. 

trWi. — ^The  locn)  applicatioa  of  solutions  of  morphin  or  acy  of  its  esters  to  tbe 
icirified  skin  rc«u]u  in  the  proHucttnn  of  an  urticarial  wheal.  SimHar  wheaU  an  pro* 
iaai  br  hiaaTnin,  pq>tone,  emctio,  and  calcium  chlorid  (SoUmanD  and  Pilcbcr). 

Effect  on  Pupils. — In  man  (not  in  animals)  even  small,  scarcely  anal- 
gesic doses  constrict  the  pupils.  The  miosis  is  due  to  a  stronger  con- 
strictor (oculomotor)  tone;  for  it  disappears  when  the  oculomotor  endings 
are  paralyzed  by  atropin;  whilst  it  is  scarcely  affected  by  cocain,  which 
stimulates  the  sympatiictic  endings.  The  action  is  central,  for  it  is  not 
produced  by  lotkl  application.  It  has  lieen  sugg(^ted  that  morphin  de- 
presses the  inhibitory  impulses  which  normally  keep  the  oculomotor  tone 
in  abeyance  (Meyer  and  Gottlieb).  There  is  a  fairly  lasting  rise  of  intra- 
ocular  pressure  (Myashlta,  1913).  Ethyl-morphin  produces  a  shorter 
rise. 

Tit  Or  ulamotar  trntrr  (pufullo-con^trictor)  appenr^  to  be  normally  tn  a  state  of  partial 
BihibitMti  through  a  variety  of  sensory  impulses.  When  ihcsc  ivre  diminished — as  by 
llnp,  uicixi^  AtifX  in  a  's|M-i:ific  manner  by  morphin — t^ie  ixuloinotor  tone  Increasts, 
MB  ifce  pupils  contract.  When  the  inhibitory  impulses  are  reinforced — as  by  emotion, 
chnric  uimulation  of  the  cerebral  cortex,  asphyxia,  elo. — ^ihc  oculomotor  tone  is 
^Unshed,  and  the  pafuls  dilate.  That  this  typ«  of  mydriaAifl  is  not  due  to  <itimulalion 
BTtWiympathetic  (dilator)  center,  is  shonTi  by  the  fact  that  it  occurs  after  division  of 
tbccrrvicu  k/mpathetic  oerve  (Brauostcin,  1894). 

fnpU  Ckaitifs  ID  A  nimaSs. — In  cats,  the  pupils  are  dilated,  in  conformity  with  the 
pwil  exdtcmcnt.     In  dogs,  the  effect  is  variable,  tnit  generally  dilator. 

C^unctival  Reaction  to  Ethylmorphin  {Dionin). — The  direct  applica- 
tioa ofa  I  lu  5  per  cent,  solution  or  ointment  produces  burning  i^ain, 
bvpercmia,  and  acute  edema  of  the  lids  and  conjunctiva,  which  disappears 
rithoui  an\'  ill  effects.  This  reaction  is  used  in  ophtlialmology  for  the 
itaoval  of  old  inflammatory  products. 

TV  edema,  which  Is  ascribed  to  vascular  congestion,  appears  in  a  few  minutes  and 
iMbforun^eral  haur>.  There  i^ulMisome  more  persistent  lucal  ani^thc^ia.  The  pupils 
in  u  ^l  oonslricted,  and  the  intraocular  tension  i&  rau>ed  Cf*oaeygki,  iqij).  The 
sdnaduCs  not  ocL'ur  in  rabbits,  but  readily  in  doKs  or  cats  (Axvnfcld.  1905). 

Bottoly-morphin  (pcrunin)  is  saiit  to  art  in  ln«  same  way;  hut  the  effect  does  not 
Koo  «tlli  tDorphiD,  codcin,  heroin,  or  any  of  the  natural  ofNum  alkaloids. 

Spinl  Cord. — Morphin  and  all  the  members  of  the  group  increase 
1^  ipinal  reflexes. 

Largf  do^es,  in  frogs,  produce  convulsions  which  are  indistinguishable 
from  those  caused  by  str\-chnin.  Mammals  generally  die  from  the  res- 
pwtoi)-  depression  before  the  convulsani  stage  can  develop;  but  the 
BB^Icr  mammals  may  exhibit  muscular  stillness  and  tremors.  Con- 
mfeions  arc  sometimes  seen,  even  in  tnan,  when  toxic  doses  (5  grains)  arc 
Ukffi  (A.  Gordon.  1915;  Keen).     In  dogs,  the  intraspinal  (subarachnoid) 

<t/i«i  of  morphin  produces  marked  convulsions  (McGuigan  and  Ross, 

The  ojorqlsani  action  U  cspeiially  utrtinj;  in  imc  of  the  minor  opium  alkatoidt, 
tkhsiii,  »o  that  this  is  generally  placed  in  the  strychnin  group. 
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The  spinal  stimulation  would  scero  to  contraindicate  the  use  of  mor- 
phin  in  convulsant  condiUons  of  spinal  origin,  as  in  strychnin  poisoning. 
Practically,  however,  the  analgesic  effect  may  offset  this  disadvantage; 
nor  does  the  theoretical  objection  hold  against  convulsions  that  are  not 
spinal. 

Sensory  Nerves.— Opium  and  its  alkaloids  have  no  action  whatever 
on  the  sensory  endings,  or  on  the  peripheral  sensory  nerves,  for  the  site  of 
application  is  no  more  affected  than  other  regions  of  the  body  (Jolly  and 
Htlamann,  1874).  Their  local  use  is  therefore  irrational.  Any  apparent 
success  is  largely  psychical;  although  there  may  be  some  central  analge^, 
since  morphin  is  readily  absorbed  from  wounds  and  mucous  membranes, 
and  to  a  slight  extent  even  from  the  unbroken  skin.  With  the  time- 
honored  "Lead  and  Opium  Wash,"  the  precipitate  formed  by  the  lead  with 
the  gums  and  meconic  add  furnishes  a  soothing  protection.  (The  mor- 
phin is  not  precipitated  by  the  lead.)  ^1 

Curare  Action. — All  tho  members  of  the  fiTOup,  when  applied  directly  to  a  rouicP 
preparation,  exert  a.  weak  nnd  slow  curare  action:  If  the  motor  nerve  is  stimulated 
witn  a  tetanizifid  current,  the  muflclc  responds  with  a  scries  o!  rapid  separate  con- 
tractions, insteaid  of  a  f  u»ed  tetanus.  Larger  dosc3  paralyze  the  musdc-nervc  endings 
completely.  Diacetyl  morphin  acts  more  powerfully  than  raorphin  or  coddn;  but  the 
action  is  too  weak,  to  be  ol»cr\-cd  in  intact  mammals  (Kale,  1909). 

Protapin  Group. — ^The  curare  and  muscular  actions  were  firet  descriljcd  by  v.  Enge!. 
i8oo,  for  tlic  protopin  Kroup — certain  unimportant  alkaloids  (protopln,  cr>-toptai, 
chclidonin,  homiHrhclidoniti.  ami  cheU-rydirin)  which  occur  in  opium,  r>ut  especially 
in  other  Papaveraceous  plants  (Sanguioaria  or  Bloodroot;  and  Chclidonium  or  Celan- 
dine; lloHitiinia,  etc.)-  Thoe  alkaluids  share  also  the  depressant  morphin  action  on  the 
heart  (Hale).  They  ore  said  to  paralyze  the  sensory  endings  like  cocain.  The  respira- 
tion is  stimulated. 

SangusnarM  also  contains  sanguinarin  (Reports,  Council  Pbarin.  and  Chem.,  igit, 
60)  ami  other  alkaluidit  (Kozniewski,  tQio).  CktUdoHium  contains  betberin.  BoUi 
drugs  arc  irritant.  Sanguiuarla  has  been  used  as  a  nauseant  (o.i  Gm.).  The  fredl 
juice  of  chfltdonium  is  applied  in  folk  medicine  to  remove  warts. 

Chetidonin. — Ccntrni  Actions, — H.  Meyer,  1893,  found  that  it  produces,  in  froca,  a 
descending;  depression  of  the  central  nervous  s\'fttem,  similar  lo  morphin,  but  without 
spinal  ^stimulation.  Mammals  also  respond  by^analifc^^ia  and  sleep,  without  marked 
dcpres<iinn  nf  refleKes,  I^^rger  doses  cause  coma,  without  nausea  or  vomiting;  finally, 
tbc  vasomotor  center  becomes  paralyzed. 

Peripheral  Actions  of  ChHtilottin. — These  have  been  investigated  espcctally  by  Rani- 
tik,  1915.  Like  other  istiqtiinolin  alkaloids  (naicatin.  papaverin),  it  depreftscs  all  kinds 
of  smooth  muscle.  The  effect  appears  to  be  directly  on  Oie  muscle  substance,  sincr 
It  antagonizes  not  only  pilocarpin.  histamin  and  epinephrin,  but  even  barium;  nhikt 
these  do  not  remove  chtlidonin  depre^Jon.  It  is  relatively  non-toxic;  and  when  its 
therapeutic  dusage  has  be*n  ascertained,  it  may  have  a  clinical  field  xn  asthma,  colk, 
and  other  spasms  of  smooth  muMile. 

Meyer  aJi^o  found  that  it  paralyzes  skeletal  muscle  and  sensory  and  motor  endi&ics. 

Morphin  on  Urinary  Bladder.— Morphin.  in  tuxic  dosea,  prodLC«  spasm  of  the 
vesical  sphincter  feillier  tliniiiKh  depressed  inhibition  or  analogous  to  pytortc  t'pasm). 
leading  to  distention  of  the  blacidcr  aud  constant  but  ineffective  dwire  for  micturitioa. 
This  sometimes  occurs  in  the  therapeutic  use  (Czapek  and  Wassermann,  IQI4).  In 
guinea  piRs  the  distention  may  rujilure  the  bladder  ( Tnpi»ciner,  iSogV 

Uterus. — Morphin  pmhably  tends  to  delay  the  progress  of  labor,  by  its  psychk 
sedative  action,  largely  by  preventing  the  reinforcement  of  labor  pains  by  the  con- 
traction of  the  abdominal  muscles  (Barbour  and  Copenhaver.  IQ16).  It  has  practically 
no  ctTrct  on  the  normal  uterine  contractions  in  animals,  in  sUtt  (Barbour  1Q15):  wbco 
applied  directly  to  the  excised  uterus,  the  tone  is  soroewbat  iQcreued  (Barboor  aad 
Copenhaver,  1915);  but  this  would  have  no  clinical  bearing. 

Effects  on  the  Digestive  System. — Morphin  tends  lo  produce  naiuM 
and-  vomiting,,  and  thus  disturbs  digestion.  The  effect  is  independent  of 
the  mode  of  administration,  the  action  being  central.  The  severity  varies 
greatly  in  different  individuals.     In  some  cases  it  is  so  serious,  and  accom- 
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puied  by  so  much  depression,  as  to  preclude  the  use  of  the  drug.  It  may 
jometimes  be  lessened  by  bromid  or  by  atropin  (I.  Simon,  1907). 

Larger  doses  are  a*Uemeiic. 

Morphin  U  one  of  the  most  efficient  drugs  for  checking  ptrhtalsis. 
Small  doses  suffice  for  this  purpose.  The  action  is  evidently  peripheral, 
bet  its  mechanism  is  complex,  mvolving  several  factors,  one  or  the  other 
of  which  may  predominate  under  certain  conditions.  The  known  factors 
art  closure  of  the  gastric  sphincters,  delas-ing  the  entrance  of  food  into 
the  uDtestines;  decreased  responsiveness  to  defecation  reflex;  and  a  direct 
fltditi\re  action  on  irritated  (not  on  normal)  intestine.  With  opium,  there 
B  also  the  direct  depression  of  intestinal  lone  by  the  isoquinolin  alkaloids 
(ptpaverin,  etc.). 

Of  the  individual  opium  alkaloids,  morphin  acts  most  powerfully  on 
the  alimentary  canal.  However,  the  minor  alkaloids,  especially  papa- 
utrin,  narcolin  and  codein,  are  also  constipating,  with  less  narcotic  action 
{Gottlieb  and  v.  d.  Eeckhout,  1908;  Zehbe,  1913;  Hess  and  Neukirch, 
my,  Macht,  Herman  and  Lev%%  1916).  These  differences,  and  the  de- 
bytd  absorption,  may  explain  the  clinical  preference  for  opium  when  the 
Otstipative  effect  is  desired. 

.VraiMBi  and  Emetic  Aetion. — This  is  eiisenttally  CMitral  (E^gleston  and  Hatcher, 
tQii).  It  niny  conceivably  be  aided  by  reflexes  from  the  ira^lnc  sp&sm',  for  Atropin, 
fpHls  U  diminish  iJie  cmcli*:  Icn'inicy.  Tlicrc  i?  rm  cvulencf  of  Infill  [gastric  irnta- 
tM.llthough  the  alkaloid  ts  rapidly  ctcrcted  into  the  stomach.  \'omiiing  occurs  raore 
ToMy  rith  hyjwtdfrmic  than  with  intruvcnotis  injection;  probably  bfcausc  the  latter 
df™cs  the  vomiting  center  too  rapidly. 

Tie  cmcsis  b  produced  by  absolutely  pure  sjimplcs,  and  i»  therefore  not  due  to 
owutloatioD  with  apomorphiD  (evea  prolooged  boiling  does  not  convert  morphia 
htQ iDonarphln;  Fcinbrri^,  iQij). 

Saatht  Emetic  Aclhn  of  Opium  Aikatoids. — Morphin  is  more  nauseant  and  emetic 
l^tfacocher  isolated  alkaloid<i.  Opininns  differ  as  to  tbc  position  of  thi;  combined 
afalotji.  Eggleston  and  Hatcher,  :gis.  believe  that  the  emetic  effect  of  pantopon  and 
BHTDphto  is  more  powerful  than  would  correspond  To  thoir  morphin  content.  As  nar- 
ndn  alone  i&  not  emetic,  it  would  be  conceived  as  sensitizing  the  center  to  moiphin. 
MadH,  Hermao  and  Levy,  191O.  incline  to  the  opposite  conclusion. 

Sttieary  StcrttioH. — The  luiusea,  m  usual,  is  accompanied  by  salivation.  In  the 
■bucc  01  nausea,  the  mouth  is  dry  and  the  patient  tnirsty.  from  dcpresMon  of  the 
••Bruy  center  (V.  E.  Henderson,  ii>to). 

Tlk  apptiite  is  diminished,  through  the  lesser  perception  of  hunger,  and  through  the 
CMric  derangement. 

GMtic  Secreliofi. — Morphia  starts  the  Rastric  Mrcrction  in  the  empty  stomach  ttherc- 
bn  CDOtnundicated  in  gastric  ulcer),  but  t!^  !>aid  to  diminish  the  secretion  when  the 
■tHMch  contains  food  (Chiari,  1915).  It  also  increases  the  pancreatic  secretion. 
OpioiQ  iocrcmscs  gastric  secretion,  but  causes  a  laslinc  decrease  of  pancreatic  flow 
(Bi4el  and  Pinniuohn,  1907;  O.  Cohnheim  and  Moffrakowski,  iQii).  In  chronic 
■■phinism,  gastric  secretion  is  said  to  be  abolished  (Hitzig). 

*Mltmau  Action.^-VtiyR'^.  after  a  primar>'  cmc^is.  do  not  respond  to  irritant  emetics 
or  uoiBorphiD.  This  has  been  attnbutcd  to  paral>'sis  of  the  vomiting  center;  but  it 
nwakoTC  explained  by  the  tirm  contnictiou  of  the  cardial  sphincter  (Magnus.  190S); 
■toiarphio,  codein,  or  heroin  are  antrmetic  in  doses  which  arc  not  nanotic,  whilst 
oAital  or  urcthane,  to  prevent  vomiting,  must  be  exhibited  to  full  aaxcotic  action 
('■  Itttkutx.  191  j;  Rulh,  igij).     Papavcrin  is  not  antenirtii:  (Kuth). 

Cmiiipaliom  Aciian  in  Milk  Diarrhea. — A  new  light  has  been  shown  on  morphin- 
■■tlpatJoo  by  R.  Ma^u».  190&  and  190S,  who  tested  its  cfTcct  on  experimental  diar- 
^■^  A  very  suitable  qaa5i-ph\'3iologiral  form  of  diarrhea  can  he  maintained  in  cats 
*T  uttdiaive  milk  diet.  This  diarrhea  is  very  effectively  stopped  by  morphin.  The 
WBedUl  action  i*  equally  pronounced  when  the  inle^linal  ner%'es  have  been  dt\ided  so 
"■'  ilie  action  la  certainly  peripheral.  On  the  excised  intestine,  ho^si-ever.  morphin  in- 
Cwa  peri$tAlv»  (except  with  enormous  dose«),  iiidicalinij;  that  its  constipating  effect 
ii  not  me  to  peripheral  intestinal  depression.  (The  excised  intestine  bu  alx)  been 
*«fiBl  by  Popper,  1913.) 

IS 
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Gasirk  Tonus. — To  solve  this  riddle,  Magnua  invmigat«d  the  passage  of  the  aE- 
mentAiy  contents  by  the  BUmuth  a^ray  method  of  Cannon.  He  now  ob5cr».'cd  that 
morphin  acta  exclusively  on  the  stomnch,  producing  prolonged  com raciurc  of  the  sphinc- 
ter antri  pylori,  ah  aIao  of  the  pyloric  ana  cardiac  sphincters.  As  a  result,  the  food  re- 
mains for  houni  in  the  fundus,  the  complete  cv'ocaatian  occupj'ing  twenty-five  houn 
instead  of  the  normal  three  hours.  The  intestines  thereby  are  granted  a  ver>*  large 
amount  of  physioloRical  rest,  the  food  cnlcrinR  vcr>'  slowly  and  gradually,  being  more 
perfectly  miueralfd  and  liigested,  and  presunialily  rrlativcty  aseptic.  This  furnishes 
the  wholi;  explanation  of  the  constipating;  action  in  milk-diarrhea;  for  the  same  method 
shows  that  irie  movements  of  the  small  irteNtine  arc  scarcely  affected  by  the  morphin, 
whiUt  those  of  the  UrRC  intestine,  as  also  the  defecation  of  cnemata,  are  auite  unaffected 
by  the  drug.  (Schwcnlcr,  1911,  u»ine  a  similiir  method,  dexribes  relaxation  of  the 
lar^c,  nnd  probably  al&o  of  the  nraaU,  mtcslines.)  Xor  has  morphin  any  constipatitw' 
action  in  experimental  duirrhea  from  certain  irritant  cathartic.^,  viz.,  senna,  ca«tor  oil, 
or  magnesia. 

Entirely  analogous  phcnomenn  are  obwrvctl  in  the  dog  (Magnu«>;  K.  Zunz,  1909), 
and  in  the  human  subject.     They  are  probably  a  highly  important  factor  in  the  thera- 

fieutic  cJTect.  Magnus  himself,  howcvt-r,  suKRested  that  morphin  may  possibly  have 
urthcr  indirect  actions  on  peristalsis,  by  modifjTnR  inte<^linal  secretion  or  absorption. 
Colotynlli  Diarrhea. — This  surmise  was  confirmed  by  the  rt-sults  of  his  pupil,  Padt- 
berg,  1911,  in  colocynth  riiarrhea.  This  drug  produces  exudation  and  increasefl  move- 
ments throughout  the  alimentary  tract.  Both  effects  are  antagonized  by  morphia 
(and  much  more  by  opium),  even  when  the  food  i-^  already  in  the  intestine.  The  action 
of  morphin  in  colocynth  diarrhea  is  therefore  different  from  its  action  in  milk,  senna, 
castor  oil  or  magnesia  diarrhea,  in  which  morphin  would  not  affect  ibc  progress  of  the 
food  after  this  has  reached  the  intestine. 

Other  Opirnn  Alhtiioids  on  Ci'locynih  D'mrrhea. — Takahashi,  1914.  found  that  codein 
acti  similarly  to  morphin,  but  weaker.  Mixtures  of  morphin  and  codcin  act  stronger 
than  cither  alone  fpotcntialion),  so  that  consiipalion  occurs  by  combining  one-fourth 
of  the  minimal  active  dose  of  monthin  with  one-fortieth  to  one-four  hundredth  of  the 
minimal  active  dose  of  codein.  I:,qual  parts  of  the  two  alkaloids  constitute  the  be»t 
ratio.  The  other  alkaloids  ilo  not  seem  to  contribute,  but  rather  to  interfere;  so  that 
Pantopium.,  for  instance,  is  inferior.  Codein  also  potentiates  the  gastric  spasm,  but  only 
with  much  larger  dose«  than  arc  needed  in  colocynth.  When  used  alone,  the  codein 
docs  not  produce  gastric  spasm. 

Observaiiims  on  J/an.^The  results  are  rather  inconstant;  but  those  of 
Zehbe,  191,^,  with  the  j-ray  methcxJ  are  fairly  reprt-senlativc  for  normal 
subjects.  The  time  of  the  total  sojourn  of  the  food  was  nearly  doubled 
by  the  opiates;  more  by  opium  and  pantopium  than  by  morphin  and  nar- 
cophin.  That  in  tlie  stomach  and  small  intestines  was  each  delayed  by 
about  a  third.  The  main  effect,  however,  was  on  the  colon  and  rectum 
The  defecalion-rcflcx  is  delayed  or  suppres^  (Stierlin  and  Schapiro,  1912; 
Schapiro,  1913;  Mahlo,  1913). 

On  the  other  hand,  Pancoast  and  Hopkins,  1915,  observed  the  main 
delay  in  the  smaLl  intestines;  but  Httle  in  the  colon;  the  defecation -reflex 
was  not  ohser\*ed.  The  efFecls,  however,  are  extremely  inconstant  in  dif- 
ferent individuals.  Small  doses  were  more  effective  than  large.  Hj-po- 
dermic  and  oral  adminisLration  produced  the  same  results. 


Oidfr  F.xpJaif stums. ^VxXat  to  the  conclusive  experiments  of  Magnus,  the  constipat- 
ing action  was  explained  cither  by  a  peripheral  dcpresMon  of  the  local  reflex  {the  cells 
of  Auerbach's  and  Meissner's  plexus);  or  central  stimulation  of  the  inhibitory- splajichnic 
fibers  (Xothnagel,  1.SS2).  Neither  thsory  was  satis f.iclory.  The  apparent  re^ulu  of 
Nothnogcl  were  probably  accidental  (Magnus,  1910)  and  need  not  be  discussed. 

Olirr  Opium  Ali<ihids  oh  Peristalsis. — Whilst  the  pheniLnthrv-n  alkaloids  (morphia, 
thcbain  and  codein)  increase  the  pendulum  movements  of  excised  Intestine,  these  are 
eaid  lo  Ije  dwri-astd  by  the  isoquinolin  alkaloids  (papavertn,  narcotin  and  oarcein) 
(Popper  and  I-'rankl,  iqis  and  1913).  Pal,  1913,  claims  that  the  latter  alM  remove 
spastJc  contractions  of  the  stomach  and  intestines  clinically. 

Cathartic  Action. — l^rge  do^es  protluce  catharsis  in  dogs  and  some  other  a 
but  not  commonly  in  man.    The  action  is  presumably  due  to  local  irritation. 
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BtU  Flov. — Lar^  doses  of  morphin  iDcrease  the  lone  of  the  sphinclcr  of  the  biliary 
ptpiUi.  uid  thus  binder  the  How  of  bile  (Reach.  1014).  The  muMiulature  of  the  bile 
Uiddcf  [9  oot  ttiTected  i.l.ieb  and  McWhurter,  191$). 

Metabolism. — The  output  of  CO2.  and  to  a  lesser  degree  of  urinar}' 
oilrogcn,  arc  materially  decreased,  mainly  by  the  muscular  quiet;  in  pro- 
longed experiments  also  by  the  digestive  derangement.  The  COa  content 
o{  the  Mood  rises,  tlirough  the  defective  respiration.  The  urhtr  often 
ant^us  reducing  subslancrs,  partly  morphin-glycuronic  acid  (P.  Mayer, 
1890),  partly  glucose  from  the  asphyxia.  The  flow  of  urine  is  said  to  be 
decreased  (Ginsberg,  1912).  The  bwly  trmpcralure.  is  lowered  through 
tessened  beat  production. 

Lttiaud  COt  Output. — That  this  is  due  to  muscular  depression  is  shown  by  the  fact 
dwcits exhibit  an  in<:rcas<.-  (Bocck  and  Bauer,  1S74),  and  this  i;>  also  the  rcMill  in  oihcr 
aimik  with  the  more  stimulant  members  of  the  Kmiip,  ax  ci>dein.     In  man,  however, 
(fe  a^rgcn  consumptioD  b  not  altered,  whiUt  the  COj  producUan  is  decreased.    The 
'  X  is  not  exiilained  (Hlggins  and  ^^eans,  1915}. 
IP  of  Urea  to  Total  Xitrogen. — This  is  not  allcre<). 
trpkim  Gl^KMttria, — A  peculiar  icducing  substance  in  hunuun  urine  is  described 

%illta,  1 90S. 

TrmffrittHr«.'~Thc  fall  (which  b  sometimes  preceded  by  a  slight  rise)  may  be  as 
inilij  j°C.  with  laiKe  doses;  the  extent  depending,  however,  more  upon  idiosyncrasy 
^  upon  the  doK.  The  cooling  is  particularly  great  if  the  animal  is  kept  in  cold  sur- 
Madiagi.  With  ftmall  dose*,  the  fall  may  be'  esplainnl  by  inirfn-sed  hr.it  loss  from 
CBuwotts  vuodilation;  but  with  large  doao  it  is  due  mainly  \o  diminished  beat  produc- 
ts*, ud  finally  to  circulator,-  collapse.  The  heat  produLliim  may  be  reduced  by  80 
(wcent.  io  extreme  cases,  reaching  its  minimum  in  the  third  hour.  The  heat  toss  is 
■liiBUiaibcd  Cup  lo  20  per  tent.),  partly  through  the  effort  of  the  heat  centers  to  corapcn- 
Mlcfot  the  dlmioished  production,  partly  through  the  depressed  circulation  (Rcichert, 
IJM). 

Lfwcacyta. — These  are  diminished  in  acute  and  chronic  raorohin  poisoning  (Cloctta, 
;].    llie  Injection   uf    morphin  inhibits  the  raigraTiDn  oi  leucocytes  in  inflamed 

.'mesentery  (Ikeda.  tgtO). 

KtpAatiaH  uf  Blood  V'tAame. — Aforphin  hinders  the  transfer  of  injected  saline  solu- 
te train  the  blood  to  the  tissues  (Bogcrt,  Underbill  and  .Mendel,  1916). 

AbBorption,  Fate  and  Excretion. — Morphin  is  rapidly  absorbed  from 
»B  mucous  surfaces,  and  from  the  abraded  skin;  but  scarcely,  if  at  all, 
bom  Ihc  intact  skin.  It  disappears  from  the  blood,  being  partly  fixed  in 
tie  organs,  and  largely  destroyed,  so  that  only  a  fraction  can  be  recovered 
tt  autopsy.  A  part  is  excreted  imchanged,  especially  by  the  alimentary 
tnct  The  saliva  and  gastric  juice  show  its  presence  in  a  few  minutes. 
Sane  of  this  excrcte<l  morphin  is  reabsorbed — hence  the  imlication  of 
cmptling  the  stomach  in  morphin  (wisoiiiug,  even  after  subcutaneous 
•'Inilnist ration.  The  intestinal  secretion  proceeds  somewhat  more  slowly. 
lowutc  poisoning  with  large  doses,  administered  hypodermically  to  dogs, 
«8e  10  two-thirds  of  the  morpiiin  can  be  recovered  from  the  feces.  The 
^Ww  participates  in  the  excretion  to  a  smaller  degree.  The  destruction 
bmudi  more  complete  in  habituated  animals,  thus  accounting  partly  for 
^  increased  tolerance  for  morphin. 

Some  of  the  morphin  is  said  lo  be  excreted  by  the  milk  and  to  cause 
■Miphinism  in  sucklings.  It  also  passes  through  the  placental  circulation 
•"«(  fetus,  sometimes  killing  the  latter  in  utcro  (Jung,  1914). 

Tlie  hvestigation  of  tbc  fate  of  morphin  is  of  great  scientific,  a^  wcU  as  of  practical 
**fc(4o(ic  intrrest.  Unfortunately  it  is  beset  with  considerable  difficulties.  The 
y^*Jnif  isolation  are  complicated,  and  the  more  or  less  fam  combination  and  partial 
••ttuioa  gf  the  morphin  in  the  body  render  ita  quantitative  isolation  in  pure  furm 
PfVtiaBy  Impossible.  Marquis,  tS^,  believes  that  it  exists  in  the  tissues  in  three 
umaifomtt. 
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Disapptarancf  frcm  Ihc  Blood. — The-  morphin  usually  ceases  to  be  dcfflonstriblft 
within  twenty  minuter,  although  it  ts  not  destroyed  by  tnc  blood  (Cloetta,  igOj).  Il 
must  therefore  have  po^.'icd  into  the  tissuct. 

Presence  in  the  Tijsttri. — These  cuntitin  only  a  fraction  of  the  morpbin — ^for  the  most 
part  mere  traces.  The  largest  quantity  is  usually  found  in  Oic  liver  and  in  the  contents 
uf  the  aLimenliiry  canal  (Kauzmann,  1868;  Marquis,  1S96).  The  brain  of  poisoned 
animals  ts  ver>'  poor  in  morphia,  aUhough  ifi  ntrot  brain  substance  fixes  tlie  alkaloid 
much  better  than  liver  pulp  (Cloclta,  1903)  (LocaLuution  in  rabbits;  van  Kijn,  1908). 

Excrtlion  Ay  tftr  Vrinf. — The  statements  in  re^^ard  to  this  are  vcr>'  contradictory. 
Kaiizmann  found  it  qualitatively  in  less  Than  two  up  to  thirty-ax  hours;  negative  m 
fifty  hours.  Recent  invesCigatora  agreed  that  it  can  be  demonstrated  onJv  after  larg« 
do«M,  and  then  merely  in  traces.  However.  Kaufmann-Asser,  1413,  tind^  thai  dogs 
and  rabbits  excreted  by  urine  3  to  13  per  cent,  of  1i|i«  morphia  in  acute  poUomog;  and 
to  na  per  cent,  in  chronic  poisoning. 

Excretion  by  Milk. — Cotitrar>'  to  the  usual  statement,  Roldewijn,  1910,  found  that 
this  docs  not  occur  (in  cu^t-s  and  goats). 

Excretion  by  Salivo. — RwseiUhal,  1893,  showed  its  presence  in  man,  after  0.05 
Gm.  per  day. 

Gojlrir  ExfTftiott. — This  was  discovered  by  Marrne,  iSS^.  Alt,  iJ^Sg.  demonstrated 
morphin  in  ihe  stomach  {by  lavage}  in  two  and  one-fourth  minutes  after  hv-podermic 
injectionj  the  excretion  rose  for  live  minutes,  then  remained  steady  for  twenlv-6ve  to 
thirty  mmulc*,  and  wa:*  arrested  in  an  hour.  He  also  showed  the  benefit  ol  gastric 
lavage  after  hypodermic  injection.  This  indicate*  that  part  of  the  excreted  morphin 
is  ordinarily  reabsorbed;  Leineweber,  1SS3,  and  Botigers,  1895,  also  observed  the  gas- 
tric excrttioii.  This  is  Increased  by  the  presence  ol  h>'perto[uc  solutions  (10  per  cent. 
NaCl)  in  the  stomach.     Heroin  behaves  similarly  (Lander.  1913;  Kleiner,  1013).     The 

? astro-intestinal  excretion  of  morphin  is  greatly  diminished  by  vegetarian  oiet  in  dogs 
Vatenti,  1914). 

Exrrrji(>n  l>y  Intestine. — Marquis  found  morphin  in  the  larfte  intestine  one  hour  after 
intravenous  injection;  in  the  small  intestine  only  after  two  hours.  The  large  intestine 
cDnluins  the  larger  amount.  This  inrlicaics  thai  morphin  is  excreted  by  Ihe  mucosa 
of  the  u'hole  alimentary  tract.  With  oral  administration,  the  murrihin  may  reach  the 
intestine  directly,  within  half  an  hour  (Kauxmann).  The  biU  may  contain  trace*  in 
twenty-five  minutes,  but  Ls  senerally  negative  (KauKmunn).  The  intestinal  excretton 
is  increased  by  iitleilinal  irritants  (auitlaja,  senega,  alcohol),  even  when  the  morphia 
has  been  administered  hypodermically  (NlcCrudden,  iyio>. 

Quatitity  F.xtreifd  in  t'rcts. — Fausl,  iqoo,  found  that  non-habituated  dogs  excreted 
by  the  feces  66  jier  tent,  of  the  morphin  which  had  been  injected  hypodermically 
(Cloetla,  1903.  recovered  23  to  33  per  cent.)  With  repcaifd  injection,  as  the  animals 
became  habituated,  the  feces  coutaini-d  less  and  less  morphin  (twenty-six  per  cent- 
after  twcnty-oi>e  to  twenty-four  days;  8  per  cent,  after  twenty-nine  to  ihirty-lwo 
days;  none  after  forty  days);  although  the  later  da»cs.were  up  to  50  times  as  large  at 
the  earlier  doses.  It  is  evident,  therefore,  that  the  power  of  ibe  organism  to  destroy 
morphin  is  greatly  enlianced  by  habituation. 

Quantity  of  Morphin  Recorereit  /rum  the  TiiSiies. — Cloctta.  1903,  succeeded  in  re- 
covering about  one-third  of  the  injected  morphin  from  the  entire  bodies  of  non-habitu- 
ated rats  and  pigeon-s  killed  in  live  lo  twenty-four  hours  after  the  injection  of  larse 
doses  of  morphin.  The  same  quantity  was  recovered  from  animals  which  had  bren 
habiiuated,  but  left  without  morphin  for  two  days  prior  to  tlie  final  injection  (to  per- 
mit the  complete  elimination  of  retained  morphin).  This  indicates  that  the  destruc- 
tion is  not  a  rapid  process,  even  in  habituated  animals. 

OestrueUcn  of  Morphin  in  the  Body. — TJie  facu  described  in  the  preceding  section 
leave  no  doubt  that  the  rnDqihin  is  largeJy  destroyed;  but  as  to  the  place  and  manner 
of  this  destruction,  (he  evidence  is  incomplete.  It  indicates  that  the  morphin  may  be 
destroyed  in  various  organs,  and  more  actively  in  habituated  animals. 

Tauber,  j8po.  could  not  ciemonstra,te  any  destruction  on  perfusing  morphin  througli 
excised  li\'cr  or  kidiiey.  Cloetta,  1903.  claims  the  disap|x'tt ranee  of  one-sixth  to  one- 
third  of  the  morphin  digested  with  oxygenated  emul«ons  of  lung,  liver,  and  especially 
brain;  no  destruction  with  filterwl  extracts;  so  that  the  action  is  not  due  to  soluble 
ferments,  but  presumably  oxidative.  The  dcslruction  is  increased  in  habituated 
animals.  Albancse.  1909,  found  practically  no  destruction  bv  liver  pulp,  from  either 
normal  or  habituated  animals;  but  marked  destruction  during!  abstinence  foUowinii 
habituation.  Other  organs  showed  similar  but  weaker  destruction.  Doricncourt.  1Q13, 
again  claims  that  morphin  is  destroyed  by  liver  in  nira,  and  that  this  it  increued  by 
habituation.     (Theories  of  decomposition,  Spitia,  1908). 
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fa/f  in  ChUi-emliryoi. — IE  morphin  is  injected  into  fertilized  crk**,  which  are  then 
'bcobated,  no  deitruction  of  morphio  or  its  derivatives  occurs  if  the  embryo  dies 
before  il  is  half  developed.  If  development  is  completed,  heroin  is  destroyed  abso- 
lately;  morphin  very  largely,  rodein  and  dtonin  not  at  all.  The  ilestruclJnn  Ihereforc 
tikei  place  only  after  a  certain  developmt^nl.  prrhap^  of  the  nervous  system,  hat;  been 
Rachra.  The  alkyl  sroups  protect  the  morphin  against  oxidation,  just  as  they  do  in 
the  adult  organism,  while  the  acetyl  fjroups  are  cWdently  easily  separated  (Gnieter, 

Fau  j'm  Fro^s. — In  thtse,  Ihc  destruction  is  very  small,  and  no  tolerance  i«  acquired. 
The  cxcretioD  a  ver>'  rIow,  extending  over  eight  daj's,  and  occurs  exclusively  through 
tbe  alimentMy  tract  (H.  Frenkel,  1910). 

Fott  of  Codtin. — ^This  behaves  auite  differently  from  morphin:  about 
tr  cent,  is  excreted  unchange<i,  mainly  in  the  urine,  but  somewhat 
in  the  feces  (Tauber,  1892).  Repeated  administration  does  not 
increase  its  destruction,  nor  docs  it  appear  to  produce  tolerance  in 
inimais  (Bouma,  1903). 

Beroin. — ^The  greater  part  is  excreted  unchanged  in  the  urine;  some 
ilao  in  the  feces.  A  part  is  destroyed  and  this  destruction  is  ^eatly 
tDCteased  Ln  habituation  (Langer,  191 2). 

Oioma  Si*ifst<incei. — The  substances  which  give  the  characteristic  odor  to  opium  are 
Boeltd  largely  by  the  urine,  and  also  in  the  hreath,  sweat  and  milk. 

Toxicol<^. — Acute  Symptoms  of  Morphin  and  Opium  Poistming. — 
SntodaJ  and  accidental  poisoning  by  morphin  or  opium  is  common,  and 
I»miliarily  with  its  successive  symptoms  is  therefore  important.  The 
Wlowitig  description  of  the  morphin  effects  applies  equally  to  opium  (with 
t£Q  limes  the  dose);  except  that  the  symptoms  do  uut  appear  quite  (but 
•Iittost)  as  promptly. 

Moderate  Theraprutic  Doses  (5  to  15  mg.;  J-i2  to  y^  gr.  of  morphin). — 
TKc  -ymptoms  syt  in  promptly  (five  to  Icn  minutes  after  hypodermic, 
tfteen  to  thirty  minutes  after  oral  administration).  They  txTgin  with 
tli^l  flushing  of  face,  sensation  of  warmth  and  comfort;  lassitude,  giddi- 
nw,  dreamy  state,  with  free  imagination  but  confused  intelligence;  mouth 
4y  »nd  thirsty. 

The  patient  becomes  sleepy;  sldn  pale; respiration  and  pulse  slowed; 
pqiili  constricted.    Nausea  and  vomiting  are  exceptional  with   this 

la  a  short  time — the  sooner,  the  larger  the  dose — a  nattiral  sleep  sets 
ia.  baling  six  to  eight  hours  or  more;  the  patient  commonly  awakens 

fntiavenous  Injeciion. — If  the  injection  accidentally  enters  a  vein,  there 
•sinwitus,  tachycardia,  fainting,  but  usually  rapid  recovery. 

i^Xer  Theraprutic  Doses  (20  to  30  mg.;  '3  to  \^  gr.). — The  initial 
f!*ipioins  are  the  same.     Sleep  occurs  more  promptly  and  is  more  pro- 

iil-   On  awakening  there  is  usually  some  confusion,  nausea,  anorexia, 

coiatipation. 

Tew  D&sts  (too  to  300  mg.;  1^3  to  5  gr.). — The  initial  symptoms  are 
**  'i*5<ribed.  The  somnolence  deepens  rapidly  into  sleep  and  coma; 
'^'w*  symptoms  being  generally  conspicuous  in  five  to  ten  minutes  after 
JjpwWnnic,  or  fifteen  to  forty  minutes  after  oral  administration;  rarely 
<w»vnJfor  one  or  two  hours. 

In  the  earlier  stages  of  the  coma,  the  patient  can  be  partially  aroused 
(OACDofuscd  consciousne^,  but  relapses  promptly  into  lethargy. 

Ss  ihe  coma  deepens  {i.e.  almost  always  within  two  hours,  and  often 
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in  half  an  hour  after  taking  the  poison),  the  patient  can  not  be  roused,  the 
reflexes  disappear,  the  muscles  relax,  the  jaw  drops.  The  miosis  becomes 
extreme  ("pin-point  pupil");  the  skin  pale,  with  cold  sweat,  finally 
cj'anotic;  fall  of  temperature;  respiration  vcr>'  slow,  irregular,  often 
Cheji'ne-Stokes;  pulse  slow,  feeble  and  often  irregular.  ConvuUions  are 
rare  in  adults,  more  common  in  infants;  Lhcy  are  somcllmea  violent,  ba^H 
rarely  If  ever  ti-tanic.  ^H 

The  respiration  slops  before  the  heart.     The  pupils  almost  always 
dilate  as  the  terminal  asphy.\ia  sets  in.     (With  heroin,  death  is  due  to 
convulsions;  linger,  1912.) 

The  time  oj  death  is  usually  seven  to  twelve  hours;  sometimes  in  ti 
hours  or  even  less.     Sur\'ival  over  twelve  hours  indicates  a  good  prognosis. 

Autopsy  findings  are  not  characttristic.  There  arc  only  the  common  asnh>-xlal 
lesions:  Ccrcural  and  mcniiigral  congestion,  somi'ttincsM'ith  strrousclTusion;  lungs  bj'pcrc- 
roic  and  sometimes  edematous;  general  venous  congestion;  rarely  intestinal  or  cerebtal 
eccbymases. 

Ordinary  Fatal  Dose. — \Vilh  morphin,  this  is  0.2  to  0.4  Gm.  (3  to  6  gr.); 
with  opium,  3  Gm.  (45  gr.).  There  is,  however,  considerable  idiosyn- 
crasy, and  60  mg.  (i  gr.)  of  morphin  must  be  regarded  as  dangerous. 
With  250  mg.  {4  gr.)  the  prognosis  is  unfavorable,  even  under  Lrealmcnt, 
although  patients  have  been  saved  after  4  Gm.  (60  gr.)  of  morphin. 

Recovery. — This  may  occur  even  after  asphyxial  con\'u!sions.  The 
respiration  and  pulse  improve,  the  coma  becomes  lighter,  and  passes  into 
a  very  prolonged  sleep,  often  lasting  for  one  or  two  day?.  On  awakening, 
the  patient  is  troubled  with  headache,  constipation  and  digestive  disturb- 
ances, often  vomiting,  itching,  impotence  of  the  bladder;  exceptionally 
excessive  depression.  Sometimes  the  recover^'  is  interrupted  by  a  serious 
relapse,  perhaps  through  the  reabsorption  of  morphin  from  the  intestine. 

Idiosymrasiei. — Infants  arc  highly  susceptible  to  morphin;  as  to  older 
children,  there  is  difference  of  opinion.  The  female  sex,  and  patients 
weakened  by  disease,  succumb  relatively  easily.  On  the  other  hand,  large 
doses  are  well  tolerated  in  diabetes,  in  delirium  tremens  and  in  tetanus. 
Tn  fever,  morphin  is  jyimetimes  exciting;  in  neurotic  patients  it  may  cause 
insomnia  and  delirium,  instead  of  sleep.  Nausea  and  vomiting  are  very 
pronounced  in  soniL-  Individuals.  Urticaria  has  been  observed.  Itching 
of  the  skin,  especially  of  the  nose,  is  a  rather  common  symptom  in  poison- 
ing. These  idiosyncrasies  should  be  remembered  in  the  thcTaixnitic  use 
of  the  drug. 

Death  has  been  reported  from  almost  incredibly  small  doses.  Lcwin 
cites  two  fatalities  in  children  from  0.3  mg.  (Vjoo  g^-)  of  opium.  la 
adults,  0,2  Gm.  (3  gr.)  of  opium  (J-2  gr.  of  morphin),  is  credited  with  a 
death.  The  great  variation  in  the  susceptibility  of  different  animals  has 
been  described,  man  being  by  far  the  most  susceptible. 

ilyPersiisccptibUUy  of  Infunts.^Yuunfii  animals  are  said  to  be  more  sus- 
ceptible than  adults,  with  the  exception  of  cats.  DoebcU,  tgii,  from  a 
clinical  and  experimental  investigation,  concludes  that  the  hypcrscna- 
tiveness,  both  in  the  human  and  in  animals,  applies  only  to  the  age  be- 
fore weaning,  older  children  following  the  ordinary  rule.  This,  he  finds, 
is  also  the  opinion  of  most  pediatrists.  The  special  susceptibility  of  suck- 
lings is  perhaps  explained  by  the  observation  of  Hunt,  iqio,  that  a  milk 
diet  gre-ally  increases  the  toxicity  of  morphin  (for  mice).  The  hypenus* 
cepiibility  exists  only  for  the  narcotic  action,  and  is,  therefore,  insgnific 
for  code  in. 
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of  Thyroid  and  lodids. — Hunt,  i^s  at'''  1007,  found  that  feeding  with 

rOr  ioduls  ini:rciL5ei  the  suticvpUbility  of  mice,  rats  and  guinea  pig«  to  morphio. 
OIllMnfcUMl  Mcltfci,  1913,  find  in  nibbtl:i  Uiut  iodid  incrcaM."s  tiic  morphin  dcprv^BJon 
bailoACBS  the  tetanic  effect,  and  therefore  the  fatality. 

Duigttosis  of  Morphin  or  Opium  Poisoning. — A  prompt  diagnosis  is 

imponant  for  proper  treatment.     The  coma  is  the  most  conspicuous 

jitom,  and  its  gradual  development  is  characteristic.     In  advanced 

Coing,  it  may  be  difficult  to  distinguish  the  morphin  coma  from  other 
i.  The  symmetrical  pin-point  pupils  are  important,  but  it  must  be 
raDcmbered  that  these  dilate  as  death  approaches  (asph^'xia).  The  odor 
bciuracteristic  of  opium  poisoning. 

DtlfereotiA)  Diagnosis  of  the  Origia  of  t  Coma.' — ^Those  forms  of  coma  which 

akhl  be  CDnloundi.-d  with  morphin  arc  nuiinly  alcoholic  (chloral),  uremic  and  diabetic, 
^wpUc  and  apopWiic. 

(mc  of  the  most  important  points  U  furm<thcd  by  the  pupils.  If  the^ie  are  dilaled, 
ilfctOBui  is  probably  nkokolic,  out  may  be  diabetic  With  pin-pi'ini  pupils  the  com« 
k'^llKittomapiumot  pimtinr  aptfplfxy.  If  the  latter,  they  are  vi-ry  often  unequal,  and 
alifliog  the  anits  one  mav  often  detect  a  panljrsia. 

Tlie  pupik  re^prmd  readily  to  li^lit  in  epileptic  coma,  not  in  the  others. 
^    The  tmrit  cf  Ike  brtatk  fiimishea  presumptive  e\idcncc  of  «/i:flAiT/-poisoninK,  but  it 

■  Hlkdelinite  profit,  ftince  ihLs  substance  is  often  given  as  an  antidote,  and  i^  so  often 
preeat  in  quantities  which  would  not  cauitc  a  coma.  The  Amcll  ia,  however,  u.>iual1y 
diflutniuic  of  opium,  uremic  and  diabetes,  but  not  of  morphin.  UrctDia  would  al»o 
be curtclerized  by  albumin  in  iht  urine. 

TVrc  are  yet  other  forms  of  comn  which  may  be  confused  with  these,  but  no  nile» 
oc he  laid  down  fnr  ihrm,     Thi*  hisTorj'  ii  often  of  the  grealc^i  importance, 

Treatmene  of  Acute  Morphin  and  Opium  Poisoning. — The  first  indi- 
to  empty  the  siomaih.  and  this  no  matter  whether  the  drug  has 
h)'  the  mouth  or  hypodermically.  If  narcosis  has  already  set 
b.  emetics  may  act  too  slowly,  and  it  may  be  necessary  to  employ  a  stom- 
ub^ump.  The  best  chcmk  aniidote  is  potassium  permcnganate,  about 
AjGni.  per  liter  (5  gr.  per  quart)  by  lavage;  orally,  a  o.i  Gm.  (1V2  gr-) 
im  tumbler  of  water.  Tannin  is  not  very  L-ffcctive.  The  patient  should 
be  kept  avakr  as  far  as  possible  and  in  consttinl  movemetU,  since  this  con- 
hibutcs  to  the  better  tone  of  the  medullary  center.  RcflcK  stimulants 
BUf  be  employed,  such  as  cold  ablutions,  the  inhalation  of  ammonia  in 
tbclonD  of  smelling  salts,  hypodermic  injections  of  ether,  etc.  Caflfein, 
<^iBdaffy  in  the  form  of  strong,  black,  hot  co^ee,  is  the  best  physiologic 
BHidotc,  Atrppin  may  be  valuable  if  the  dose  of  1.5  mg.  (^-40  gr.)  is  not 
'Krtded.  The  patient  should  be  kept  warm.  If  the  breathing  shows 
■BBS  of  failing,  artificial  respiration  should  be  supplied. 

When  the  danger  is  over,  the  constipation  which  usually  follows  should 
w  relieved  by  cathartics  and  enemala. 

f*rm»ittnait. — De  Duscher  (1904,  1905)  has  found  this  efleclive  in  rabbits,  even 
™tl|  «aa  adminifttcred  three  hours  after  the  murphin;  it  w&s  much  le<ui  successful 
•"^•liUk.  It  wai  quite  ineffective  if  the  morphin  was  given  subcutanctiusly.  Nothing 
wW  be  expected  fn>m  the  hypodermic  injeclion  of  permanganate,  since  this  would  Iks 
■*wynl  before  entering  the  circulation. 

Atnpfa. — This  has  iMren  used  rttensively  and  somewhat  indiscriminately  in  tk« 
*"*"«il  of  9urpiin  poisomH%.  It  is  a  verj-  dangerous  remedy  in  this  condition.  The 
^ftoittycpous  antagonistic  actions  of  these  two  iKiiM>ns  an*  on  ihe  pupil,  heart-rate, 
0''iic  pracesics,  itecrctions,  etc. — in  short,  upon  functions  which  arc  of  very  subor- 
^^  (nqnctance  in   dangerous  ca^e^  of  poisoning.     Any   useful  anlaKOuism   must 

■  Xoibl  in  their  action*  on  the  circulation,  respiration,  and  mctaholLim,  A  careful 
lyy  will  ihow  that  the  effects  of  morphia  and  atropin  on  these  functions  are  antag- 
•<■«  only  with  certain  stages;  whilst  more  severe  grades  are  actually  syoergittic. 

'  Ga«a:   A  coodittoa  of  inutuubttity'  (rom  which  tlw  patient  c«a  not  ba  arouMd. 
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The  later  paraJytic  effects  of  atropin  coincide  with  those  of  nioiphin;  whilst  in  the  Ust 
stages  of  morphin  poisoning  the  centers  are  ton  greatly  depresAra  to  respond  to  tlic  Horn 
and  weak  stimulattOD  of  atropin.  Tbr  mcfuinca  of  this  anlidoU  exists  tkerffore  only  ii 
moderate  doses  oj  alropin  are  ^hen  in  motUrale  morphin  poiscning  (or  vice  versa).  This 
L'Onclusiun  ii^  suppntrlwl  by  several  wries  of  csperiments  on  animals.  As  a  practical 
deduction,  the  atropin  should  be  given  h.vpodermitally  in  the  d^>se  of  1.5  mg.  'j^o  ST) 
and  this  should  »W  be  repented.  It  is  (air  to  state,  however,  that  this  is  not  the  universal 
opinion.  For  Instance,  Koch,  IQ07,  advises  2  nig.,  frequently  repeated,  until  the  pupils 
begin  to  dilate. 

Corain. —  A  general  antagonism  exists  also  between  morphin  and  saiall  doses  of  cordiii, 
especially  a&  regards  the  cffccL<i  on  temperature  and  oieUbolism.  Larger  doses  arc 
^iKrgistic.  and  as  the  suMreptibllity  to  cocain  is  variable,  the  fa>-podemtic  dose  of  o.oi 
Cm.  (H  S*"')  should  not  he  cscce*l«l. 

Acute  JJermn  Poisoninf^. — Animals  are  killed  by  the  con\*ulsions;  if  these  are  pre- 
vented by  etherization,  almost  double  the  fatal  dose  may  be  survived  (Langer,  1917). 

Chrome  Opiumism. — Etiology;  Early  Effeds. — Opium,  Morphin  and 
Heroin  habits  are  unfortunately  ver\'  prevalent  and  together  with  the 
CiKaiD  habit  (and  to  a  much  lesser  extent  of  "Hashish")  they  constitute 
one  of  the  terrible  scourges  of  modern  times.  AI!  these  drugs  produce  at 
first  a  feeling  of  well-being,  relief  and  contentment,  of  stimulation  and 
freedom  of  imagination,  and  of  ease  and  facilitation  of  mental  effort. 
These  agreeable  actions  ^Tiry  in  degree  in  different  individuals^  and  there- 
fore all  do  not  fall  their  victims  with  equal  readiness;  women  and  neurotic 
and  dissipated  individuals  are  especially  in  danger,  if  they  become  ac- 
quainted with  the  effects  of  thest*  drugs.  The  majority  of  the  heroin  and 
cocain  addicts  begin  the  use  through  curiosity  or  dissipation  (Drysdale, 
1915,  McTvcr  and  Price,  1916);  buf'Palent  medicine-s'*  (cough, consump- 
tion, diarrhea,  and  catarrh  "cures,"  etc.)  are  responsible  for  many  cases. 
Physicians  must  also  be  on  their  guard  in  prescribing  these  drugs,  even  in 
acute  conditions.    Mclver  and  Price  found  that  most  cases  of  mor- 

fihinism  arisw  from  the  medicinal  use.  The  continued  use  of  opiates  will 
ead  to  the  habit,  or  disease,  in  practically  every  one,  and  is  therefore  excus- 
able only  in  exceptional  conditions,  such  as  hopeless,  painful  diseases 
(cancer,  etc.).  Petleys  believes  that  the  habit  becomes  firmly  established 
when  the  drug  has  been  used  daily  for  a  month.  ^| 

IlistoricaJ. — Whilst  the  therapeutic  use  of  opium  dates  back  of  Hippocrates,  its 
habitual  iis«^  sceni.s  to  be  of  more  recent  origin.  The  drst  authentic  recottl^  fall  in  the 
beginning  of  the  sixteenth  century*.  It  would  seem  thai  its  use  is  much  older  in  India 
than  in  Turkey,  and  that  the  Mohammedans  learned  it  through  the  conquest  uf  the 
former  country.  Their  acquaintance  wllh  rannabis  indica  Is  of  much  earlier  dat<. 
The  existence  of  the  opium  habit  was  at  first  confined  to  the  Orient;  its  introductioo 
into  Europe  and  Amcnca  is  of  very  modern  date — it  began  in  (he  United  Slates  about 
tS6o. 

PrevnUnff  of  Opium  and  Cocain  Habit. — It  ii  impossible  to  secure  reliable  sUtlstio: 
hut  some  idea  may  be  sained  from  the  fact  that  of  about  600,000  pounds  of  opium,  or 
ib>  equivalent  in  morpbm.  aud  of  cuca  leaves  corrcsjwnding  to  pcrha[)<>  150,000  ounces 
of  cocain,  which  arc  imporird  annually  into  the  United  Slates,  at  least  half,  and  more 
probably  ninc-tenlhs,  arc  used  by  hahitu^.  The  alarming  increase  of  the  habit  may  be 
judged  oy  this,  that  whilst  the  population  in  the  past  fifty  ycan<.  has  increased  13.1  per 
cent.,  the  importalion  of  opium  ha<t  increased  350  per  cent.  (II.  Wr)f;ht,  tpio);  and  in 
addition,  the  cocain  and  heroin  habits  look  their  rise  otdy  within  this  period.  In  Ten- 
nessee, regt!>tration  showed  0.1  percent,  of  the  w>puUition  to  be  afflicted  with  drug  habits 
(Wilbcrt,  iqi5).  From  thi^  and  other  data,  ne  estimates  iJie  number  of  drug  addicts 
in  the  United  States  as  not  over  joo.ooo.  The  applications  to  the  city  institutions  nf 
Clcvebtnd  for  relief  of  opium.  moq>hin,  heroin  and  cocain  habil<<  in  consei}uence  of  the 
Harrison  Law,  amountcfl  lo  about  0.01  per  cent,  of  the  population.  Of  the  mty-six 
cases,  forty-eight  u^  opium  or  murphin;  twcoty-ainc  hetom,  seven  cocain  (Dr>'Mhli^ 
191S). 
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Opium  RabU  in  Ckiidrtn. — This  is  unfortunately  not  at  all  rare.  It  is  usually 
lUiUd  by  the  indiscriminate  employment  n(  paregoric  and  othtr  soothing  synius. 
TIcjr  pnMni  the  typical  symptoms.  \Vilh<kawnI  of  ttir  mcdirine  i>  followed  by 
mtlonrM,  wakefatness,  and  every  indicalion  of  tuficring  and  distress.  'Ilic  treat- 
Kfti  would  be  maioly  bygieiuc. 

forwts  oj  Opium  Habit. — The  rlrug'i  are  introductd  by  all  possible 
duUDds:  by  the  mouth,  hv-pocifrniically,  by  smoking,  by  supfKwi lories; 
ud  beroin,  tike  cocaiu,  by  snuffing.  The  elTects  ai%  very  similar  in  all 
as«. 

^Mib'ii^. — This  ia  mainly  practised  in  the  Orient;  but  the  International  Opium  Cora- 
oisuoa  estimates  that  there  are  in  the  Uniteil  States  prohubly  over  100,000  0|MQm 
nokcn.  out&idc  of  the  Chinese. 

Smoking  opium  (cbBcd«>c)  i^^  prepared  by  the  Chinese,  by  a  complicated  procestt  of 
rMAi&g,  and  repeated  extraction  and  evaporation.  Its  mornhin  content  \9.  about  the 
uac  u  that  of  ordinary  opium.  It  has  been  claimed  that  the  opium  smoke  does  not 
caatsa  norphin  (r.;.,  Hartwiuh  and  Simon,  190^);  but  Pott,  1913,  has  proved  that 
■Kphin  b  indeed  the  active  constituent.  It  has  been  said  that  Orientals  are  less  in- 
JQm  by  opium;  but  this  is  mainly  Wcausc,  in  smoking,  smaller  tjunntitiesure  consumed. 
*nh  longer  intermissi*ins.  The  hj-podermic  method  is  now  becoming  the  more  popular, 
laJ  with  it,  the  Chinese  prewnl  tnc  same  phenomena  as  Kuropcans  (A.  S.  Rochester, 
IW).  The  Chines  government  has  been  making  serious  and  successful  efforts  to 
mppFta  the  opium  e^-il. 

Beroin  Habit. — This  has  become  very  common,  especially  in  the  form 
flC  "snuffing"  (J.  Phillips,  1912;  bibliography,  P'arr,  1915).  It  exhibits 
iD  the  phenomena  of  the  morphin  habit,  and  its  cure  presents  similar 
difficulties  and  dangers  (Manguat  and  Blondel,  T903;  Sollier,  1905; 
Fluntieroy,  1907;  Duhera,  1907;  Mclver  and  Price,  1916).  Fatalities 
ffttm  overdosage  are  also  more  common.  The  quantities  consumed  daily 
avea^eo.6  Gm.  (Mclver and  Price),  may  reach  i  Gm.  (Wholey,  1913)  or 
ntn  J.8  Gm.  (Cnmar  and  Buvat,  1904);  so  that  considerable  tolerance  is 
*ajiupEd.     Snuffing  causes  rhinitis. 

Cvdein  Hahit.—Codein  Is  not  nearly  so  apt  to  induce  a  habit,  although 
tbiilttsbccn  reported  (PcU,  1905;  PeMeya).  LittJe  is  known  about  habit 
from  the  othtT  mor|)hin  dcrivativt-ri. 

later  Pheaomena;  Tolerance;  Degeneration. — The  more  or  less  un- 
|>itutnL  immediate  after-efTecLs  of  morphia  have  l>een  describe^l  under  the 
^ttDa^ogy.  These  al.so  vary  in  intensity  in  diflerent  individuals;  in  many, 
t^ famed  dreams  of  the  opium  eater  degenerate  into  frightful  nightmares. 
Ai  the  use  of  the  drug  is  continued,  an  increased  tolerance  to  it  becomes 
pidoally  established.  The  desired  effects  are  wea.ker  and  evanescent, 
rakK  ihe  dosage  is  progressively  raised.  This,  however,  exaggerates 
tk  unpleasant  after-effects.  Most  habitues  use  ihe  drugs  as  stimulants, 
Bthcr  than  for  pleasurable  effects  (Bishop,  1913).  Moreover,  any  at- 
taapi  to  stop  the  drug  results,  not  only  in  violent  craving,  but  also  in  more 
■tioos  and  even  dangerous  "abstinence  symptoms."  The  patient  now 
|>hs  the  drug,  not  because  he  desires  it,  but  because  he  can  not  do  without 
B-  The  organism,  accustomed  to  working  under  ihe  influence  of  morphin, 
fWills  against  its  wihdrawal.  When  these  drug  habits  have  taken  a 
'Wwgb  hold,  tbey  cease  to  be  mere  xnces,  and  become  real  diseases,  with 
pkyscsl,  as  well  as  mental  and  moral  degenerations. 

Tht  Acquiretl  Tolerance. — This  may  reach  a  remarkable  degree,  so  that 
otttordinarily  large  doses  can  be  taken  daily  without  producing  acute 
PVning,  and  are  even  necessary  to  prevent  the  withdrawal  symptoms. 
"is  tnunonity  to  morphin  is,  however,  never  absolute,  and  death  from 
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overdoses  forms  the  most  frequent  "excitus  letalis**  of  ihe  morphinists. 
The  tolerance  is  losL  if  the  drug  is  discontinued. 

The  tolerance  is  explained  partly  by  a  very  considerable  increase  in  the 
X>ower  of  the  organism  to  destroy  morphiii,  but  since  the  destruction  pro- 
ceeds more  slowly  than  the  absorption,  there  must  also  be  an  acquired 
tolerance  to  the  action  of  morphin.    No  "antitoxin  "  is  formed.  . 

The  daily  consumption  of  morphin:  I1ii&  is  generally  about  i  Gm.  (Mclver  and 
Price,  IQ16);  hut  as  much  as  5.5  flm.  (S5  gr.,  or  one  and  l^vo-thirds  of  the  ordinary 
bottles)  has  been  reported.  Kven  larger  doses  are  claimed  by  patient'^;  hut  their  slate- 
inents  are  generally  unreliable,  since  they  are  made  in  the  hope  that  the  drug  will  be 
withdrawn  more  gradually. 

Ilishnp,  1013,  »t.itf^  that  the  tolerance  persiMs  unimpaired  after  seven  nianlhs  of 
abstinence.     In  animab,  at  lea-it,  it  di5ap]>ears  in  a  few  days. 

Tolrrauce  it  Aniimils. — Thi&  can  Ue  inrluced  in  dogs  (Fau^tl,  rabbits,  goats,  rat&, 
and  pigeons  (Cloctta,  190,1).     Frog*  socm  to  become  more  susceptible. 

Thf  Explannlion  of  Aii/itired  Talrranre  to  Xforphin.^-Th\s  has  btt-n  the  subject  o( 
many  invMtigation^  and  theories.  .\Iarm6,  iSRi,  aimiMl  to  show  that  morphin  is  tr^ns- 
lormcd  in  the  body  into  oxydimorphin,  lo  which  he  attributed  actions  precisely  the  re* 
vers-e  of  morphin.  It  would  thus  erpUin  bolh  the  tolerance,  and  the  alMlinence  symp- 
toms. This  theory  has  only  historical  interest,  since  Dooath,  1SS6,  and  Marquis.  iSq6, 
have  shown  [lint  oxydiiiioruhtn  h  not  furiued;  and  [Doreo\xr,  the  properties  of  this  sub- 
stance do  not  agree  with  the  assumption  of  Mannf. 

.\nother  theory  which  may  be  dismissed  is  the  formation  of  an  antitoxin.  Hirsch- 
lafT,  IQ03,  claimed  that  the  serum  of  habituated  animals  is  protective;  but  his  experi- 
ments are  dlscreiiited  by  the  negative  results  of  Morgenroth,  1003,  and  Cloctta.  190J. 

TTic  increased  destruction  of  morphin  fFaust)  and  of  heroin  fljuiger)  in  habituated 
animab  must  be  a  factor  in  the  protection,  but  can  not  explain  it  completely.  The 
experiments  of  Clocttii  and  of  Rueosamen,  n)o8,  incidate  that  this  desiructloii  is  a  rela- 
tively slow  process,  so  that  the  tissues  must  in  tlie  meantime  be  expo&ed  to  a  large  amoua' 
of  morphin.  van  Egrnond,  iqh,  found  that  habituation  to  the  toxic  effect  docs  1 
diminish  the  suiccptihitity  tn  the  central  vagiiR  stimulation.  In  further  contrast 
the  vagus,  the  respiratory  center  and  the  pupil  acquire  marked  tolerance  in  dogs  ( 
in  rabbits,  van  r>on^en,  ipis).  Langer.  iijij.  also  slates  that  the  acquired  tolera 
of  dogs  to  the  narcotic  action  of  heroin  does  not  extend  to  its  conxniUive  effccu.  Tldf 
persistence  of  some  of  the  effects  proves  tlial  the  disappearance  of  othera  can  not  be 
due  to  destruction  of  the  alkaloid. 

Riberfeld,  1915,  found  no  difference  in  the  lipoid  content  of  the  brains  of  noraul  and 
habituated  animals. 

Crossrd  Tolerince. — Dogs  habituated  to  moqihin  also  show  marked  tolerance  toward 
heroin  and  cndein.  as  regards  the  rcspirator>'  effects;  slight  as  to  equIUbrium;  none  as  to 
heart  or  peristalsis.  They  have  not  acquired  toleration  toward  cannabis  or  chloral 
[\J.  B.  ^[yc^B,  1915). 

The  later  eonsequettcfs  of  opium  Itabit  are  insidious,  but  none  the  less 
dangerous.  For  years,  \nctims  of  the  habit  may  appear  quite  normal  ro 
superficial  observers,  hut  closer  attention  would  even  then  reveal  signs  of 
the  disease.  Especially  characteristic  is  the  variability  of  moods — de- 
pressed or  stimulated — according  to  the  interval  since  the  last  dose. 

The  physical  phenomena  relate  at  first  to  the  digestive  tract:  obstinate 
constipation,  alternating  later  \vith  equally  obstinate  diarrhea;  loss 
appetite  alternating  with  voracious  hunger  and  thirst,  and  polyu 
These  disturbances  of  digestion,  as  well  as  Ihe  more  direct  action  of 
drug,  are  not  long  in  showing  their  offccis  upon  the  rest  of  the  body.     The 
patient  loses  weight  rapidly  and  suffers  from  marasmus  and  cachexia.' 

The  skin  becomes  hard,  pale,  flry  and  rough.  The  nails,  teeth  and 
hair  are  also  diseased.     The  condition  of  the  integument  is  rendered  still 

*  Thew  Are  two  ill-<lctin«d  terms.  Tlip  lunncr.  mmr&smu*.  ^wnilfina  a  oontinafl  inw  rondltna 
of  thff  nutrition  and  a  wutinR  r.f  the  nmh  without  ft^itrvnt  omnnic  c«tu«,  Cik«H«ua  alto  ia4Jc«iei 
K  wutiae  of  tb*  body,  with  Kmn  ttrikiug  clwima  lu  tb«  tCAtura.  which  are  aioAlly  pukcbsd  r'' 
jFtilow. 
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worse  by  the  loca)  effects  of  the  mjection  when  the  drug  is  used  h^'poder- 
micaUy.  The  whole  skin  may  be  mottled  with  scars  and  marks  of  recent 
or  older  injections,  and  abscesses  are  often  produced  through  want  of 
dcanlincss.  Even  when  the  drug  is  used  by  the  mouth,  the  entire  skin 
oflCT  acquires  a  peculiar  waxy  appearance. 

The  pupils  are  almost  invariably  contracted;  the  eyes  lose  luster;  so 
that  an  opium  user  may  often  be  recognized  from  his  appearance.  The 
pupillary  and  accommodation  movements  arc  affected.  The  heart  is 
irrr^Iar.  Albuminuria,  glycosuria,  ami  nmenorrhea  are  frequent.  The 
itsiial functions  are  lessened  (functional  iini>otence,  sterility),  but  usually 
(ttom  on  withdrawal  (Wholey,  1912)-  Fevers  resembling  implex,  inter- 
oitlent,  and  t>'phoid,  are  often  seen.  The  motor-twrootts  system  shows 
considerable  change:  nervous  tremors,  increased  reflex  irritability,  etc. 
These  conditions  sooner  or  Liter  weaken  the  resisting  pmvrrs  of  the  patient, 
•  thai  he  falls  an  easy  prey  to  some  other  ailment,  and  thus  rarely  reaches 
old  age.  However,  the  habit  may  persist  for  over  thirty  years  (Mclver 
vA  Price). 

The  t^eiJs  on  the  character  oj  the  patient  arc  even  more  deplorable^ 
This  sinks  progressively  to  the  lowest  level  of  unscrupulous  cunning  and 
ftwardice.  It  is  very  doubtful  whether  the  testimony  of  an  opium  user 
on  ever  be  accepted,  even  in  instances  which  do  not  affect  him.  He 
becomes  absolutely  incapable  of  any  effort.  Duty  no  longer  appeals  to 
hill), and  in  order  to  escape  it,  or,  still  more,  in  order  to  obtain  his  drug,  he 
wil!  rwort  to  any  lie  or  any  trick,  no  matter  how  dishonest.  He  will  prom- 
i*cvcr>'lhing  and  fulfil  nothing.  Were  he  not  so  cowardly  and  disinclined 
lo<  or  rather  incapable  of,  any  effort,  he  would  be  fit  for  any  crime.  His 
pndiUon  is  all  the  more  unhappy  since  he  fully  realizes  it  and  sees  himself 
HI  his  true  colors.  He  makes  grand  plans,  and,  at  the  same  time,  knows 
tfcit  he  can  never  summon  the  energy  even  to  begin  them.  Add  to  this 
Uiefact  that  he  is  a  social  outcast,  and  it  is  difficult  to  imagine  a  more 
■nhlppy  condition.  To  the  physician  he  should  appeal  as  a  sufferer,  as 
one  afflicted  with  a  form  of  insanity:  one  who,  like  any  other  insane  patient, 
^ouU  be  treated  with  unflinching  firmness,  but  with  the  most  considerate 
kodnctt.  Only  in  this  way  will  it  be  possible  to  help  him.  He  is  himself 
devoid  of  the  necessary  will  power,  and  this  must  to  some  extent  be  sup- 
pfal  by  his  physician  and  attendants. 

Abstinence  Symptoms. — ^The  withdrawal  of  morphia  from  those  accus- 
'"owi  to  iLs  use  leads  to  a  train  of  very  severe  effects,  the  severity  being 
Proportional  to  the  rapidity  with  which  the  drug  is  withdrawn  and  to  the 
■*•«  which  has  been  used.  Prominent  throughout  is  uneasiness  and  rest- 
,  jtiBtss,  with  almost  uncontrollable  craving  for  the  drug,  passing  sometimes 
■  Btoa  true  mania,  Besides  this,  the  first  symptoms  consist  in  spasmodic 
Ky>*iihig  and  sneezing;  coryza  and  lachr^'malion;  and  hoarseness.  The 
^^^ib  dilate  again.  Most  conspicuous  are  muscular  twitchlngs  and  vio- 
pVat  pains  or  *' cramps"  sometimes  in  the  abdomen,  more  commonly  in 
ibelegs;  also  headache  and  other  neuralgias.  The  extremities  are  cold, 
At  bad  congested.  Insomnia  is  a  very  constant  symptom;  the  patients 
wt  Tcry  irritable  and  excitable,  and  this  condition  may  culminate  in 
wfirium  or  acute  mania,  often  suicidal.  Women  often  have  hysteric 
*tt«k$.  The  digestion  is  profoundly  disturbed,  presenting  the  symptoms 
^1  violent  functional  gastroenteritis.  The  most  dangerous  phenomenon 
B  nddcD  c-oUapsc,  ushered  in  by  irregular  and  weak  pulse,  alternating 
ht«tcn  extremes  of  rapidity  and  slowness,  cold  sweat,  and  general  pros- 
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tration;  and  often  ending  falally  by  hiiarl-failure.  This  coUapse,  if  severe, 
demands  the  prompt  injection  of  a  moderate  dose  of  raorpliin,  which 
generally  causes  the  symptoms  to  disappear. 

The  abstinence  symptoms  are  practically  absent  if  the  patient  is 
rendered  delirious  by  scopolamin  (Wagner  and  Ricwel,  1905)'  This  sug- 
gests that  they  are  mainly  of  psychic  origin. 

AbsliHenet  Symptoms  in  Amntah. — Accordirs  lo  Valcnto,  1914,  these  show  cir- 
culatory disttirbances,  arrhythmia,  (achyrjirdia,  Inw  blontl  pressure,  etc;  and  he  states 
that  these  effects  are  produced  acutciv  when  abstinence  blood  ift  injected  iatonona&l 
animals.  He  finds,  further,  that  the  blood  rcUiins  thii  properly  long  after  ihc  momlua 
has  been  slopped,  which  speaks  rather  a^^ainst  an  analogy  WxXh.  the  human  absti- 
nence symptom-';. 

Treatment  of  Opium  and  Other  Drug  Habits. — ^The  prime  indication, 
as  in  all  diseases,  is  the  removal  of  the  cause,  the  withdrawal  of  the  drug. 
This  must  be  done  under  medical  supcr\'ision.  best  in  special  institutions, 
for  the  patients  have  neither  the  will  power,  nor  the  physical  rej>isiance  to 
carry  it  through  unaided;  attempLs  at  self-treatment  arc  generally  unsuc- 
cessful, and  always  dangerous.  In  fact,  the  closest  surveillance  of  the 
patient  is  indispen.«4ihlc,  both  to  prevent  clandestine  continuance  of  the 
habit,  and  to  control  the  abstinence  symptoms.  The  main  object,  there- 
fore, is  to  withdraw  the  drug  without  danger  or  too  great  discomfort  to 
the  patient.  When  the  drug  has  been  comijiclely  stopped,  even  for  a  few 
days,  the  desire  for  it  disappears,  and  the  patient  may  be  considered  cured, 
although  stiil  in  need  of  Ionic  treatment.  Uufortunately,  the  seductive 
memories  remain,  and  when  occasion  offers,  sooner  or  later,  relapses  are 
all  too  common,  often  within  a  few  weeks.  These  remarks  apply  equally 
to  cocain  and  other  serious  drug  habits;  and  the  treatment  of  these  i» 
idenllcal. 

Methods  of  Witfulrawal.^ — Attempts  at  "insetisibU  wttfuirawaJ"  by 
very  gradual  diminution  of  the  dose,  amounts  to  useless  and  protracted 
agony;  the  sensations  of  the  patient  gauge  the  dose  wth  surpri^ng  ac- 
curacy, and  their  patience  reaches  its  end  long  before  the  drug. 

Rapu!  uuihdravMii  is  much  better,  and  generally  succeeds  if  the  patient 
can  be  supervised.  With  this  method,  the  drug  is  reduced  as  rapidly  as 
can  be  borne  by  the  patient  wiihout  producing  \try  violent  reaction. 
It  is  better  to  begin  by  reducing  the  number,  rather  than  the  size  of 
the  doses.  Profuse  catharsis  is  a  ver\'  effective  adjuvant.  The  with- 
drawal may  be  completed  within  ten  to  fourteen  days.  Very  hot  baths 
relieve  the  restlessness  antl  insomnia;  salicylates  the  "pains"  (Mclver 
and  Price,  1916).  The  treatment  is  effective  and  not  excea^vely  difficult 
(Drysdale,  1915). 

Sudden  complete  wUhdravml  is  both  cruel  and  dangerous.  It  can  be 
made  more  pleasant  by  sub:itituting  another  habit-<lrug,  but  this  accom- 
plishes nothing  more  than  the  deceit  of  the  patient,  and  is  no  better  than 
the  many  advertised  "Morphin  Cures"  which  are  thinly  disguised  solu- 
tions of  morphin. 

The  Scopofamin  Trralment  of  Drug  Habits. — This  permits  the  sudden 
and  complete  withdrawal  of  morphin,  cocain,  or  alcohol  from  habitues, 
without  the  usual  unpleasant  results.  It  depends,  apparently,  on  the 
maintenance  of  a  mild  delirium  or  "twilight  sleep"  which  renders  lie 
patient  more  or  less  unconscious  of  the  withdrawal.  According  to  the 
e.\perience  of  Wagner  and  Riewel,  1905,  the  cure  can  be  completed  in  a 

>  PtUkr  dMcriplton*  <A  the  ttandan)  aatboda  nr*  (ouad  in  Ui«  J.A.MJ1.,  04:  io>i.  lois. 
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my  few  days,  and  is  as  complete  as  with  any  of  the  more  difficult 

qkUmkIs. 

DOtilt, — The  treatment  comists  in  absolute  withdrawal  of  the  drug,  and  in  odminis- 
ttno|  h>tKM]crininilly  a  mixture  of  sci>[>olamin  hydrobromid,  0.3  mg.  (Hoo  sr.}; 
snpin  iulphate,  0.1  mg.  (Jaoo  Bf-).  str>-chmn  sulphate,  0.4  mg.  (Jiso  gr,),  and  water 
Li  ex.  {2$  minims).  The  fir>t  <li>»c,  which  is  ii,su.al!y  without  results,  is  repeated  in 
Me4iiU  to  two  hours,  and  again  in  one  and  one-half  hours,  and  then  cvcr>'  one-half  [o 
mliviuii  until  the  lull  scopolamin  ctiect  is  indicated  by  dry  throat,  flushed  face,  dilated 
papb.  restlesaness,  and  mi'il  delirium.  The  patient  is  mamtained  cont[nuoui>Iy  in  this 
H  iLUc  for  three  or  four  days,  by  repeating  the  mjcction  every  two  to  six  hours,  reducing 
f  the  iodi vidua!  dose  to  half,  if  possible.  Constant,  careful  and  i>killed  watching  uf  tbe 
p«tioit  U  indispensable.  If  the  uulse  (which  remains  ordinarily  of  normal  character, 
wuk  t  rate  of  60  to  ;o>  should  fall  below  50,  or  rise  above  1 10,  the  tremtment  is  inter- 
WlUil,  ud  »omc  strychnin  and  a  very  little  morphin  are  given. 

The  second  day  usually  produces  some  abstinence  symptoms  (\'iolent  attacks  of 
uemaf  and  some  gastro-inteslinal  phenomena),  but  these  arc  rurcly  of  sufficient 
■mrily  to  require  special  attention. 

71»  patient  can  be  about  the  room  throughout  the  treatment,  and  receives  "(ever 
Sa"  The  delirium  is  usually  mild  and  busy,  tbe  patient  being  mainly  engaged  in 
pkUag  bnaginary  injects,  etc 

Al  the  end  of  the  third  day  the  injections  are  stopped,  to  see  whether  craving  for 
tkdnifc  will  return.  Should  this  occur,  the  treatment  is  continued  for  another  day. 
Tkk  B  rarely  required. 

Tkt  lamifrt-Tinirns  Sftikoi,  deictibed  by  A.  Lambert,  iqoo  and  iqi^,  seems  to  in- 
Mhre  the  satoc  principles,  since  it  uses  essentially  Hyoscyamus  and  Belladonna.  (De- 
ttili  ia  JA.M.V,  191 1,  V,  56,  p.  503;  V.  60,  p.  1033.5  Collapse  sometimes  occurs 
tWoiey.  191S). 

PSmcivpin  has  also  been  rmplnyed. 
1  Sctkth,  1916,  ad%-ises  a  method  Including  scopolamin,  pilocarpin  and  ethylmorpbin. 

H  Tkc  AfUr-treatmenl. — This  is  important  with  all  mcihods.  The  patient 
^UtoaU  receive  tonics,  nutritious  food,  and  rest  for  several  week-S.  Insom- 
Bwbniher  troublesome  at  first,  and  should  be  relieved  by  giving  chloral 
■^  ud  bromid  for  two  or  three  nights.  The  bowels  should  be  kept  clear,  both 
Mote  and  after  the  treatment. 

TTie  "  recovered  "  patient  mtist  be  protected  as  much  as  possible  against 
t«in  and  other  circumstances  which  would  tempt  him  to  the  resumptioa 
^  ihe  drug.      Psychotherapy  may  be  useful  to  prevent  recurrence. 

iivn  Agaitut  Drug  Habit. — The  real  cure  of  dru^  habits  lies  in  ihe  enforce- 
Eif  appropriate  legislation.     The  HarriiMin  Law,  if  properly  enforced,  should  suflicc 
|ia«Hjiu6  ifac  opium  and  cocain  habits  almost  completely.     It  is  asserted  that  it  has 
rcducvd  the  sales  of  tlie  aCTected  drugs  to  half  (WUbert,  igt6). 

tbenpeutic  Uses. — ^forphin  an<I  Opium  are  used  mainly  to  lessen 
t^  tff  procure  sUrp,  to  cb((k  peristalsis,  lo  suppress  cough,  to  ease  dyspnea, 
^jacUitiite  aneslhisia,  and  to  secure  muscular  quiet.  These  indications 
»nw  in  a  great  variety  of  diseases;  and  since  the  action  of  the  opiates  is 
oiuin  and  highly  effective,  their  field  of  usefiUness  is  extensive  and  im- 
potanL  However,  they  must  be  used  with  discretion.  It  should  be 
Wwobered  that  the  relief  is  generally  only  symplumatic  and  may  some- 
iBo  interfere  with  the  natural  processes  of  repair,  or  obscure  the  observa- 
^  of  Ihc  progress  of  the  disease.'  The  danger  of  habit  formation  re- 
Oritt*  their  employment  in  neurotic  individuals  and  in  chronic  diseases 
looni  when  these  are  hopeless).  Tbe  liabil  danger  can  be  somewhat 
***»!  if  the  morphin  is  administered  only  by  the  physician,  with  some- 
'^  hnpressive  formalities  of  asepsis,  and  not  intrusted  to  the  patient 

-    "fi|«<i«f.  1*14.  apilr  QoinU  out  that  tb«  Bv>oU*nc«  of  opMt«t  (or  f«u  of  nbccuiins  ihft  <1ucbom« 
I Z}  ^'timuk  *i  ilcflcMnt  ilutfi>u»tifi  t«clunc;  it  ibOnU  not  ba  aWMiry  to  biaIm  Uw  dJagiwia  at 
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himself.  The  side  actions  (constipation,  nausea,  gastric  disturbance,  and 
occasional  excitement)  may  also  interfere  with  the  usefulness.  Even  with 
these  restrictions,  however,  the  range  of  usefuhiess  of  the  opiates  is  still 
very  wide. 

Pain, — Morphin  surpasses  in  efficiency  all  other  analgesics,  particularly 
for  persistent  pain.  It  is  generally  aimed  to  dull,  rather  than  to  aboli^ 
the  sensibility;  and  for  this  purpose  relatively  small  doses  suffice.  Mor- 
phin by  h>'podermic  injection  is  to  be  preferred,  5  to  15  mg.  (^2  to  }^ 
gr.)  according  to  severity,  and  repeated  as  necessary.  Local  application 
is  irrational,  although  it  is  still  somewhat  used.     (H.  C.Wood,  Jr.,  igr6). 

Insomnia: — Morpliin  should  be  avoided,  if  possible,  especially  in  ner- 
vous insomnia  and  in  psychic  excitement.  It  may  be  needed  if  the  insom- 
nia is  caused  by  pain,  cough,  or  dyspnea;  and  small  doses  (5  mg.  or 
f-f  2  gr.)  may  be  employed  to  reduce  the  dosage,  and  thus  the  side  actions, 
of  other  h>*pnotics  (J.t.,  the  circulatory  depression  of  chloral). 

Diarrhea. — Opiates  are  very  cflfective  in  arresting  the  exccsMve  peris- 
talsis in  acute  intestinal  catarrh.  If  the  intestines  are  first  cleared  of 
toxic  antl  irritant  material  by  a  cathartic,  the  re-st  afforded  by  opiates 
favors  the  subsidence  of  the  inflammation.  Tincture  of  Opium  by  mouth 
C0.5  c.c.  or  10  drops)  deserves  the  preference.  If  the  opiates  arc  given 
while  the  maJen'es  morbi  arc  still  in  the  intestine,  they  may  do  harm,  even 
when  they  give  symptomatic  relief. 

Opium  is  also  useful  in  the  constipation  and  colic  of  lead  fmsoning, 
by  relaxing  the  intestinal  spasm.  In  peritonitis  it  relieves  the  pain,  both 
directly  and  by  lessening  peristalsis;  but  the  disguise  of  the  symptoms  ma> 
be  objectionable  surgically.  In  biliary  and  rend  colic,  Morphin  (15  mg. 
or  !4  gr-)  is  given  hypodermically,  to  lessen  the  suffering  (usually  with 
I  'mg.  atropin,  which  rela.\es  the  ducts). 

Couf^h. — The  opiates  check  cough  by  lowering  the  reflex  irritability 
of  the  respiratory  center.  Small  doses  suffice  for  this  purpose — by  mouth, 
Morphin  5  mg.  or  }-i2  gr.;  Tr.Opii  ,^2  c.c. or  10  drops; Codein  30  mg.or 
hi  gf'i  Heroin  5  mg.or  }^2  gr-  (children  above  one  year,  Vi  mg-  or  ^'20 
gr.;  below  one  year,  }.-i  mg.  or  J.^40  gr.);  Dionin  15  mg.  or  \l  gr.  Codein 
deserves  preference,  since  it  produces  the  desired  effect  with  less  wdc  ac- 
tions, and  without  habit  formation. 

The  use  of  opiates  for  this  purpose,  as  in  bronchitis  and  phtiusis,  re- 
quirt,-s  judgment.  They  are  indicated  when  the  cough  is  mainly  irrita- 
tive; and  contraindicated  when  it  is  required  for  the  expulsion  of  excessive 
mucus.     Even  then,  however,  ihey  may  l>e  needed  to  protluce  sleep. 

Asthma  and  Dyspnea. — Moqihin  (15  mg.  or  V4  gr.,  hyjwdermically) 
often  relieves  this  condition,  by  quieting  tlie  patient,  allaying  the  "air 
hunger"  and  perhaps  by  lessening  reflex  irritability.  It  should  be 
avoided  if  possible.  In  nervous  asthma,  it  tends  to  form  a  habit.  In 
respiratory  dyspnea,  the  reduction  of  respiration  may  be  dangerous.  In 
cardiac  asthma,  the  increa.se  of  carbon  ciioxid  in  the  blood  may  injure 
the  cardiac  function  and  establish  a  vicious  circle.  The  use  of  caffein 
or  atropin  would  be  preferable;  but  it  may  be  justifiable  to  resort  to 
morphin,  especially  for  relieving  the  anxiety. 

C0W5.— The  diaphoretic  action  is  ulilized  for  aborting  colds;  generally 
as  Pulv.  Ipecac  et  OpU,  0.5  gm.  or  7H  Rt- 

Anesthesia. — Morphin  in  safe  doses  does  not  induce  complete  insensi- 
bility, but  it  is  an  efficient  synergistic  to  other  ansthetics  (to  mg.  or  ?^ 
gr.,   hypodermically,  see    under   *' Ether,"  also  under  *'ScopoIamin.'^ 
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Morphin  is  similarly  useful  for  distracting  the  patient's  attention  from 
operations  under  local  anesthesia. 

//fmorrAa^r.— MoqDhin  favors  the  arrest  of  hemorrhage  by  quieting 
ihe  patient,  thus  keeping  the  blood  pressure  low.  and  permilting  the  for- 
mation of  the  dot.  It  is  especially  valuable  when  the  hemorrhage  is  in 
ioaccesstble  situation,  /./.,  the  pulmonary  hemorrhage  of  phthisis.  The 
ilepressant  effecton  therespirationenjoinscautionin  the  useof  larger  doses, 
especially  ia  severe  hemorrhage,  cardiac  disease,  and  other  debilitating 
cooditions. 

Convulsiofis. — Since  morphin  increases  reflex  excitability,  it  can  not 
compare  with  ether,  chloral  or  chloroform  for  suppressing  tetanus  or  other 
ifoul  convulsions;  but  its  analgesic  effect  may  justify  its  use  as  an  ad- 
juvant. The  depressant  action  on  the  respiratory  center  must  be  borne 
in  mind  (Dreyfus.  1914). 

Ptydiie  and  motor  exaltalums,  e.g..  detirium  trcmcnit  or  atroptn  potsonmg.  are  con- 
iHled  only  by  very  large  dose»,  the  danger  uf  which  oftr^n  the  problemjitJc  benefit. 

Dubttes. — ^Largc  doses  of  opium,  morphin  or  codein  appear  to  benefit 
Moe otherwise  intractable  cases;  but  the  ultimate  results  arc  not  brilliant. 
Tbc  effects  are  probably  indirect,  by  slowing  the  absorption  of  sugar  from 
llv&limentarv'  tract. 

EiptrimuiUai  GtyttisHri-n. — The  npium  nIkaloirU  havf  no  effect  on  tlie  hypcrely- 
r  tmu  resulUo^  from  the  conversion  of  hepatic  Klycogtn  i.cpincphrin  or  piqurej ;  but  thejr 
I tereu  inhibitory  lictiun  on  alimentary  hypcrKlyt'-*"''''  iKlcrckcr.  1914).  This  indl- 
,  CttM  thjt  the  action  h  on  the  alimcntarj'  t:an.il.  presum.-ihly  by  the  Rastric  Hel.iy  slow- 
'  Mltbrdigestiun  and  :ibsuqition  of  the  carbohydrates,  and  thu»  preventing  the  sudden 
'  fcodiucH  the  organism  vnih  sugar  (Macleod,  IQ14).  Morphin  delays  tlic  Ui^ppear- 
i  *Mx  «  injected  ilcxlrose  from  the  circulation  of  dojjs,  although  it  farilltatrs  its  escre- 
'teby  itu*  urine  (Kleiner  and  .Mdtzcr,  1916).  It  must  thcrclotc  hinder  the  passage 
CJnorfram  the  blo«>d  intu  the  tissues. 

Clinii-il  Evidence. — (Jood  clinical  observers  claim  that  the  thirst,  polyuria,  glyco- 
Mlfa.uil  itrhinj^  of  the  skin  ar<:  all  markedly  diminished.  Part  of  this  action  mu-«l  be 
MAnted  to  the  aaalgesic  effect,  while  the  intluencc  on  the  glycosuria  i^  probably  due 
ItlUactioi]  on  digestion,  and  a  produced  in  itit-  ^anic  way  a*,  by  a  liniilalion  of  the  diet 
vby  Mnaeanu.  .\s  a  matter  of  fact,  opiophatdc  diai>elicfi  die  faster  than  others. 
'  Udrfn  1ms  been  used  Instead,  but  without  any  marked  advantages. 

fwtit.— Morphin  U  employed  as  aa  aal-emclic,  but  Ihe  doses  which  can  be  safely 
P'fcrfbed  are  often  ineffective. 

OosQ%e  of  Opiatfs  for  ChiUren. — This  is  best  adjusted  to  the  weight: 
"ithchiklren  above  ten  months,  the  weight  (in  pounds)  is  divided  by  150; 
Wo»  ten  months,  by  300.  The  adult  dose  is  multiplied  by  the  factors 
tiwohrainc-d  iDoebt-li.  1012)- 

Kecapitulation  of  the  Chief  Differences  of  the  Morphin  Derivatives, 
"■"nie  action  of  all  morphin  derivatives  are  quantitatively  identical,  so 
^u  the)' involve  only  changes  in  the  outlWng  side-chains  (R.  Stockman, 
tSgi).  Even  the  quantitative  differences  are  not  of  very  great  practical 
'ai>ortance. 

VgrpbtH. — Produces  the  strongest  narcotic,  analgesic,  hv-pnotic  and 
jMeilbal  eflFecis,  and  the  weakest  stimulation.  It  causes  the  greatest 
■Bv^eineDt  of  digestion;  and,  with  heroin,  is  most  apt  to  induce  a 
bbit. 

CoJfiii  (Methyl-morphin)  Is  less  narcotic,  less  constipating,  and  less 
ipt  to  induce  a  habit  or  tolerance.  It  h^s>  some  advantagu  in  the  Lreat- 
^suof  cough.  Ilastedo  uses  15  1030  mg..but  Fraenkel,  1899,  claims  that 
u  leut  40  to  60  mg.  are  required  to  affect  cough.     This  dusage  is  some- 
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what  quieting,  but  not  narcotic,  and  scarcely  analgetic.  Larger  dosage 
produces  restlessness  instead  of  quieting.  The  susceptibility  is  the  same 
for  ah  ages  (Doebeli,  1911). 

It  increases  the  sp'maX  rejiex^s  more  ihan  morphin  (v.  Schroedcr,  1883).  Frank- 
further  and  Hintchfeld,  1910,  claim  a  greater  dilation  of  the  terebrai  msets  (without  rise 
of  blood  pressure). 

/>jo«m  (Ethyl  Morphin)  seems  to  stand  intermediate  between  morphin 
and  cortein,  in  all  respects.  Mering  advises  it  in  cough.  Lindenma>T, 
1912,  uses  it  in  colds,  0.05  Gm.  before  retiring.  It  sometimes  causes 
itching  of  the  skin  (Seifert.  Nebenwirk.,  1915,  p.  61),  It  has  a  special 
action  on  the  conjunctiva  (edema). 

Heroin  (Diacetylmorphin)  approaches  still  more  to  morphin,  of  which 
it  shares  alt  the  disadvantages,  and  over  which  it  has  no  serious  advantage. 
Bastedo  finds  it  inferior  to  codein  (Side  actions,  Seifert,  Nebenwirk., 
1915,  p.  6g). 

Tkfbain  is  so  markedly  convulsant  that  it  may  be  placed  in  the  itiychnin  gniup 
(Cl.  Bernard;  Stuckmar  and  Dott). 

Structure  of  Opium  Alkaloids. — These  belong  to  two  groups,  those  con- 
taining a  phenanlhren  nucleus  (morphin  and  its  esters);  and  those  derived 
from  isoquinnlin  (papavcriti,  narcotin,  narcein).  The  difiference  in  the 
nuclei  is  shown  in  the  diagram. 
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Sirudure  of  Morphin  and  its  Derivaltvfs. — Morphin  is  a  complex  deriva- 
tive of  phenanthren.  It  contains  two  OH  groups  (one  phenolic,  the  other 
alcoholic)  in  which  substitutions  can  be  made,  either  by  alkyl  or  add 
radicals. 

The  more  important  alkyl  esters  are  the  monoraethyl  (Codein),  di- 
methyl (Thcbain)  anri  ethyl  (Dionin),     Heroin  is  the  di-acetyl  derivative. 

The  nature  of  the  radicals — whether  acid  or  alcoholic,  aromatic  or  aliphatic — b  not 
of  ^reai  importance.  Replacement  of  a  single  H  (codein,  dionin)  diminishes  the  nar- 
cotic actions  and  increases  the  respirator}-  and  tetanic  action,  and  the  toxicity  for  ani- 
mals. When  both  Oil  ^roup^  ar^  replace*!  by  arids  (heroin)  the  narcotic  action  is 
stronger  than  tor  codein,  the  tetanic  action  is  weaker  than  with  morphin. 

Comparative  Activity  of  the  Two  Groups. — The  alkaloids  of  both  the 
phenanlhren  and  isoquinolin  are  more  or  less  narcotic  and  convulsanC. 
The  essential  differences  are  in  the  peripheral  actiotis:  whilst  the  phen- 
anthren alkaloids  produce  but  few  peripheral  actions,  the  isoquinoUn 
group  causes  c-xtensivc  depression,  as  described  under  "Papaverin." 

Conxndsani'narcoiic  Srrles. — In  general,  the  narcotic  actions  on  the  brain,  oa  the 
one  band,  and  the  stimuLinC  action  on  the  cord  and  medulla  on  the  other,  ai-In  lovene 
ratio;  morphin  being  the  most  narcotic  and  least  coavulsant,  and  thebain  the  mott 
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ooorotttnt  and  least  narcotic;  the  other  moqihin  esters  and  the  isoauiooUn  alkaloids 
bnnf  intermediate.  Oaudc  Bernard  arrangf*!  them  in  the  order  of;  Sforphlo,  codcin, 
urortin.  p«pavenn,  laudanosin,  thebnin.  Bucrgi,  1914,  places  them  as:  Morphln, 
ptptverin,  codeio,  nurcotin,  narceia,  thtrlKiin, 

Utamic  Acid. — This  has  no  effect  in  the  doses  which  would  be  administered  in 
OMBB.  Larger  doses  produce  narcosis,  muscular  iibrillation;  mcduUar>'  convulsions; 
diurlMi;  cuiare  action  (Bartb,  1912). 

?i>«imK.— This  was  recommended  as  an  analecslc  by  Uaxt,  1860,  and  Macht, 
1915;  but  its  central  effects  src  insignificant  (Pal).  Its  toxicity-  \i  low.  Bouchet 
tuiou  thit  t  Om.  produced  no  effect'^  on  man.     Us  important  peripheral  actions  have 

liBVcitinted  mainly  by  Pal,  1913,  i9i4.  He  tinds  that  it  relaxes  the  tonus  of  all 
th  mitade,  eipedally  when  ihis  has  been  »paftmodicalty  contracted,  and  this  \vitht>ut 
jflhlf  the  contractility  of  the  mmcle;  f.i.,  he  claims  that  it  inhibits  intestinal 
ivithoat  interfering  with  normal  peristalsis  or  producing  constipation;  that  small 

I  lower  abnormally  high  blixtd  pressure,  whilst  it  requires  much  larger  doses  to 

Inm  the  normal  pressure.  Macht,  1916,  claims  that  U  lowers  blood  pressure,  mainly 
ly  peripheral  vasitdilator  action,  especially  in  the  s.planchinic  area.  The  coronary 
orculitnai  b  increased.  Small  doses  slovr  the  heart,  with  tendency  to  stronger  con- 
tndioiu.  Popper  ctiuros  tlmt  the  iwqulnotin  alkaloids  relax  the  lonjintudinal  coat 
i>f  the  intestines;  the  phenanthren-i  the  circular  coat.  Alacht.  Herman  and  I'«%'y, 
iQti,  find  that  40  ms.  nvpodcrmically  in  man,  produces  marked  analgesia  with  some 
"HtUrinn.  fall  of  blood  pressure  and  Might  con5;tination. 

Pipavcrin  and  narcotin  are  toxic  to  protozoa^  Pick  and  Wasicky,  1915,  hav'e  there* 
lOR  nigested  the  trial  of  papnverin  a^inst  amebic  dysentery. 

Thmftuiic  Vie  of  Pjpovfrin. — Pal  ad\'i«:s  its  use  m  gastric  and  intestinal  spasms 
uricaUcs,  and  in  spastic  consti|Mition  (30  to  80  mg.  by  nmuth  or  hypodermic;  5  to  30 
■tbyrcm  several  times).  Stoerk,  igis.emploj-s  it  againat  the  tenesmus  of  bacterial 
<tjienUrj-  (0.06  Cm.,  three  limes  daily,  continued  as  long  as  required).  It  has  jilso 
ku  tried  with  le<»  reason,  in  hypcrtertMon,  angina  pectoris;  vomiting,  gastric  crises: 
JBkBaiad  pertussis  (Pal;  Popper,  15)14;  L.  Levy,  1914).  It  b  a  local  anesthetic,  and 
■ubetn  usra  on  the  cornea  as  solution  of  4  to  10  per  rent.     Macht,  iqi6,  &)d*  that 

ff Verio  rdmxes  the  tone  of  the  ureter,  without  inhibiting  the  peristalsis.     Gerathy 
Utdt,  1916,  use  its  injection  by  ureteral  catheter,  against  the  colic  of  ureteral 
oJolL 

ConuaercialpapavcriD  contains  considerable  cr>-ptopin,  to  which  most  of  its  chemical 
Ivbutdue  (Pictet  and  Kramers,  iqio).  In  general,  nowever,  the  quality  of  commer- 
d^o^ro  alkaloids  is  satistacton*  (Warren.  1915). 

fUt  of  Ptipitveriii, — It  Li  prnbauly  cileii'-ively  destroyed  in  the  Inwly,  since  neither 
piptverin  nor  any  immediate  decompo^ition  products  nave  been  recovered  from  the 
ipBiot  excreta  after  it)  hypodermic  administration  (Zahn,  iQij). 

Jinhltydra-PitpuKrotin. — Laidlitw,  igio,  found  lliat  thi^  inhibits  the  tone  of  un- 
*iPBl  muscle,  dilates  the  bronchioles  and  blood  vessels,  and  lowers  blood  pressure, 
•Wrttt  the  same  time  stimulating  the  heart.  It  is  relatively  non-toxic.  Marshall, 
IJ'J.  tried  it  clinically  in  arteriosclerosis,  but  found  it  practically  inct&cicnt — probably 
""(fare  it  b  too  easily  oxidi*«L 

J^iwtoiiH. — The  peripheral  actions  appear  to  be  similar  to  papavcrin.  but  weokec 
K^.  1914].  Macht,  1^)1 5.  fuund,  contrary  to  Sixaub,  that  it  is  quite  toxic  to  the  heart, 
'"(Vttion  and  other  functions. 

•^*t<-iii, — The  peripheral  actions  resemble  narcotin  (Psl.  toil). 

Differences  between  Morphin  and  Opitim;  Opitun  Alkaloid  Mixtures. 
~Wtulsi  the  actions  of  opium  are  e-wcntially  those  of  its  principal  alka- 
W.  morphin,  there  are  various  differences,  especially  quantitative, 
^ieieire  due  partly  to  the  mechanical  action  of  the  gums  and  resins,  which 
"Wit  delay  absorption,  and  thus  increase  the  local  and  diminish  the  ccn- 
^  actions.  In  the  main,  however,  the  differences  are  Hue  to  the  pres- 
*?*  of  the  minor  alkaloids,  which  modify  the  effects  of  morphin;  for 
"Siilar  differences  cxi<t  in  mixtures  of  the  alkaloids,  natural  (Panlopium) 
Wwtifidal  CN'arcophin,  Laucianons). 

The  precise  differences  between  the  actions  of  morphin,  opium  and  the 
"^^  alkaloids  are  still  under  dispute.  The  statements  of  different  (and 
*Odiinc»  of  the  same)  observers  are  so  contradiclory  that  it  is  oftca 
^tCiriMe  to  judge  them  (Literature,  E.  Buergi,  1914). 
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Claimed  Therapettttc  Aihaniages. — It  is  asserted  that  opium  and 
alkaloid  mixtures,  for  a  ^iven  degree  of  analgesic  aiid  cough  scdativi 
action,  cause  less  depression  of  respiration  and  less  nausea;  that  their 
action,  though  slower,  is  more  prolonged;  and  that  they  are  sometimes 
effective  in  patients  in  whom  morphin  has  failed.  It  is  also  believed  Uiat 
opium  and  pantopium  are  more  elhcienl  in  checking  diarrhea;  whilst  at 
the  same  time,  it  is  stated  that  pantopium  is  not  as  constipating  for  norm 
individuals. 

Before  constdeiinK  ihesi-  actions  in  detail,  it  Is  necessary  to  desciibr  Ihe  nature 
the  commercial  products  which  have  been  largely  used  in  the  investigations. 

Pantopon  (Pantopium  Hydrochloricum),  N.N.R.*— This  coniiets  of  the  isolated  allui- 
loids  of  opium  iu  Lbcir  natural  jtroMartiuiis.  tt  was  intruduccd  by  Salili,  as  an  iinprove- 
ment  over  the  opiates.  Di»couniinj;  the  early  extravagant  claims  >l  ha^^  the  advantaj^c 
that  the  absence  of  gums  and  resins  insures  prompter  absorption  and  makes  it  much 
more  suitable  (or  hypodermic  injection.  The  pharmacologic  data  on  pantopium  are 
reviewed  by  Barth,  icji;;  Schwentner,  191 3;  Watkyn-Thomos,  1Q13.  Severe  poison- 
ing from  0.04  Om.  is  reported  by  V'oigt,  igii.  The  side  uctiuns  are  quoted  by  Seifert, 
Nebcnwirk.,  1015,  p.  81. 

Artifuitii  yfixiures. — Since  It  is  unlikely  that  all  the  alkatoid^v  arc  IherApeutically 
useful,  and  that  they  occur  naturally  in  the  optimal  proportions,  there  exist*  a  field  for 
artiticial  mitturcs.  Faust,  1912,  iDtroduci-d  mixtures  of  the  principal  opium  alkaloids 
under  the  name  of  "L^audanons."  The  proportions  appear  to  be  merely  arbitrary. 
A  more  scientific  attempt  has  been  made  by  W.  Straub  in  tnc  introduction  ot  Narcophin. 

Narrafhiti. — W.  Straub  and  Caesar,  191  a,  invesligated  the  modificatiooA  produced  by 
a  large  variety  of  mijitures  of  opium  alkaloids.  They  found  narcotin  the  most  important 
alkaloid  in  the  cmnbirtation;  claiming  that  doses  of  narcoliii,  which  were  ineffective 
alone,  modified  the  actions  of  morphin,  so  as  to  increase  the  toxicity  and  narcotic  efiect, 
and  at  ihe  shihc  time  diminish  (be  rt^piratorv  depression;  that  a  mixture  o(  caual  patti 
of  the  two  alkaloids  was  the  optimal  proportion  and  fully  represented  the  aavantafres 
of  opium;  that  the  other  alkaloids  of  opium  had  less  effect  and  introduced  complex 
modi ficiiC ions  which  render  them  umir^irable.  These  claims  have  been  both  coa£rined 
and  contradicted,  clinically  and  experimentally.  Mei&sner,  igr^  and  19x4,  failed 
to  confirm  the  synergism  in  the  most  important  eflecis,  viz.  the  respiratory  and  psychic; 
Straub's  reply,  IQ13,  is  not  quite  convincing.  Under  the  circumstances,  judgment 
must  be  suspended. 

Potentiiition  uf  Toxic  Action. — IssekuUt,  191 3,  found  that  the  toxicity  of  mixtures  of 
morphin  and  its  esters  corresponds  to  simple  addition,  but  that  mixtures  of  these  with 
the  Uriqiiinolin  alkaloids  shows  marked  potentiation.  This  ha^.  been  confirroed  by 
W.  Straub  and  Caesar,  1911,  who  cLaim  that  doses  of  narcotin,  which  arc  in  thcm.'^lvcs 
inactive,  double  the  toxicity  of  morphin  for  mice.  This  synergism  may  be  considered 
as  established;  but  it  ba.i  little  t>caring  on  the  therapeutic  use. 

Aniilgesic  Action. — The  statements  are  contradictory,  as  might  be  expected  from  the 
dIfEcuhy  of  making  quantitative  observations  in  a  subjective  condition.  As  yet.  the 
claims  of  superior  analgesic  or  narcotic  action  are  not  fully  established.  The  sedalivt 
action  on  cuugh  comes  under  the  same  category. 

Straub  claims  a  markeji  increase  of  narcutic  action  by  narcotin,  in  thai  the  morphia 
excitement  of  cats  is  prevented.  (This,  however,  is  a  very  variable  condition,  which  is 
greatly  influenced  by  external  conditions.)  Macbt,  Herman  and  Levy,  1916,  also  daim 
asyucrKistic  decreased  sensilivene^  to  cutaneous  poiD  in  human  subjects.  On  the  other 
hand,  it  is  very  suggestive  that  the  clinical  doses  of  narcophin  and  pantopium  arc  strictly 
equivaleot  to  their  morphin  content.  Zcclen,  iqio  and  1911,  found  only  simple  sum- 
mation in  the  narcotic  (and  tetanizing]  action  of  the  various  opium  alka1(»ds.  Aleiuoer 
also  failed  to  confirm  Straub. 

RnpiriUory  Acliiftt. — Straub  asserts  that  the  res{nratory  center  in  rabbits  (as  judged 
by  response  to  COi  stimulation}  is  much  leaa  depreswd  by  narvophia  than  by  morphia. 
'rtiia  is  contradicted  by  Mtnssner.  Straub's  statements  appear  »ell-contnidictor>-.  sinrr 
be  also  claims  that  the  toxidty,  which  generally  depends  on  rcapirator>'  depression,  it 
iDcreased.  However,  Macht,  1915,  confirms  that  the  minor  ojuum  alkaloids  slimut 
res{nnition,  and  thus  antagonize  somewhat  the  morphin  depreasion. 

Circtilalion. — The  data  arc  scanty.     Macht,  1015,  finds  Inal  morphlD-narcotin 

tures  dilate  the  coronary  vessels  mufji  less  than  either  alkaloid  alone;  and  that  Pantopeii 
and  Laudanun  have  practically  no  eScct  on  the  coronary  dixrulatioD. 

Giistric  Disturbanr^. — Tt  is  quite  generally  a^^ertetl  that  the  combinations  are  Ie» 
liable  to  produce  nausea  and  vomiting;  but  quantitative  differences  of  this  kind  vc  diffi- 


^ 


in.  IS 
open     ^ 


THE   MORPIHN    GROUP 


243 


cdt  to  jadge,  clinically.  It  is  possible,  thoueb  not  proven,  that  there  may  be  a  slight 
difieraice,  since  morpbin  ttselt  stimulates  the  vomiting  center  mure  than  any  other 
opium  aUuloid. 

CenttipaiiHg  Action. — This  has  been  discussed  luidcr  morphin. 

The  tynergum  of  tHorpkin  •u.-ith  xci)pi>l,iMin  and  with  the  anesthetic  and  hypootlcs 
*il  be  discDsaed  in  connectioQ  with  those  drugs. 


PKEPARATIONS^-OFIUM 

'Ofium,  U.S.P.,  B.P.    (Meconium,  Thebaicum). — The  dried  milky  juice  exuding 
toe  iodsed  unripe  secd-Ciipaulo  uf  the  poppy,  Pupa^'er  somniferum.     Brown 
or  powder,  of  peculiar  odor  and  bitter  taste.    Contains  a  number  of  alk.aloids, 
riDWl  toiportant  being  mor]ihin  (about  10  per  cent.).     Dose,  o.of>  Gm.,  r  gr.,  U.S.P. 
(equivalent  to  6  mg.or  .4o  gr.morpbiD);o.o3  to  0.13  Um.,>^  t02gr.,B.P.    Maximum 
,o.i  Gra..  i  gr. 

~pium  was  mentioned  by  Thcopbrastus.  third  century  B.C.     An  interesting  account 
[history  is  jcivcn  by  Macht,  1915.     The  history  of  the  <j|Mura  prcpamtjuns  is  also 
■tcitittng  (Wilbext,  1916).     Laudanum  is  said  to  have  been  oriRinatcd  by  ParaceUus 
(i4Qi}~t54>)  but  aa  a  solid  aqueou'^  extract;  paicgoric  by  Le  Mort  of  Lcydcn,  early  in 
theeubteenth  centur>'.     Sydenham'.s  laudanum  (Vinum  Opii)  is  derived  from  a  formula 
ofSjwnham  iitn-ittSf)).     Tr.  Opii  fJcwjurali  was  originated  by  Kobiquet  (1780- 
t8«cl.  am)  Robt  Hare.  1837;  MUt.  (ilycyrrh.  Co.  by  Dr.  B.  J.  Barton  of  Philadelphia, 
Ibntt  i»i4. 
^Thofnium  poppy  is  cultivated  In  Asia  and  GfC)^)!;  it  can  al»ii  be  raised  in  Ibe  United 
,  but  the  cost  of  hibor  renders  the  production  of  opium  unproti table.     'Ilie  capsules 
oily  before  ripening.  Caesar  and  Loret/,  igo2j  antj  seed  also  contain  the  alka- 
li seeds  yield  50  per  cent  of  a  bland  fixed  oil  which  may  be  used  Ukc  uLive  oiL 
The  usual  percentage  of  the  other  alkaloids  is:     Codein,  o.j  to  0.7  per  cent.;  TT»e- 
blip,o.is  pff  ccnL;  Xarccin,  0.0a  to  0.7  per  cent.;  Narcolin,  1.3  to  10  per  cent.;  Papa- 
Win,  I  per  cent,  (absent  in  some  sorts;  \  an  Italic  and  KerlKisch,  iqio).    The  develop- 
tof  these  alkaloids  in  the  growth  of  the  plants  ts  interesting  (Kerbosch,  iqio]. 
_l|naiD  also  contains  a  number  of  other  minor  alkaloids;  mcconiL-  acid  (1.5  to  5.5 
Pant),  lactic  acid;  gums,  resins,  fats,  odorous  principles.     No  starch  or  tunnin. 
*Opii  Puivii  [Opn  Pu!v.),  U.S.P.;  Powdered  Opium. — Light  brown  powder,  yielding 
wpM  cent,  of  anhydrous  morphin.     /)cic,  a.o6  Gm.,  1  gr.,  U.S.P. 

Ofium  D«adofnium  (Opium  Deod.),  U.S.P. — Opium  exhausted  with  petroleum  ether, 
lo  moovt  some  of  the  odorous  principles.     It  is  similar  lo  the  secret  "improved" 

Otitim  Gramntalum,  U.S.P.— This  is  employed  in  manufacturing. 
01,  Opii  £.if..B.  P. — 0.7s  percent,  of  morphin,  3.75  per  cent,  af  the  Drj-  Extract,  in 
*P«r«nt.  alcohol.     Doje.  0.3  to  1.8  cc,  5  to  30  minims.  B.P. 

£a.  0*11",  U.S.P.;  ExI.  Opii  .5ia.,  B.P. — A  powdered  extract,  i  Gm.  repreaenling 
tCB.o(  ihe  drug,  or  jo  per  cent,  of  morphin.  Dose,  0.03  Gm.,  i'i  gr.,  U.S.1*.;  16  to  60 
■fr?  Kto  t  gr.,  B.P.     Maximum  dose,  0.15  Gra,,  j^  gr. 

Hi.  Opii,  n.P. — Equal  parts  of  Tr.  Opii  and  l.in.  Sapon. 

t*u  opii  El  Plumi'i,  N.F.;  Lead  ami  Opium  Wash,— Lead  aceUtc,  4-S  f'"".;  Tinct. 
1*ia.«c.c.;  Water,  t\A„  350  c.c. 

•ifitfiifdC/yfyrr*!!*  ComposUa  (Mist  Glycyrrh.  Co.),  U.S.P.  (Brown  Mixture). — 
*»JiJi4m*,  10  cc,  jVj  drams,  of  this  mixture  contains  i.i  c.c.  of  Paregoric  or  s  tag., 
hiP'  of  opium:  and  3.5  mg.,  }-x4  gr.,  of  Tartar  Emetic;  also  a  little  Sp.  Aether.  NiL 
***«popalar  cxiicclorant,  but  needlessly  complex. 

gj»  Plumb.  C.  Opia,  see  Index.) 

J**-  Sap.  Ca..  B.P.— 30  p«  cenL  of  Opium.    Dose,  0.12  to  0.25  Gm.,  a  to  4  P*-*  B-P- 

rifc.  Cret.  Arom.  C.  Opic,  B.P. — 35  per  cent,  of  0[natn.  /Toie,  0.6  to  4  Gm.,  10 
*"0|r,.  B,P. 

^5^  Ipccacuanktr  El  Opii  (Pulv.  Ipecac  et  Opii),  U.S.P.;  Pult.  Ipecac.  Co.,  B.P. 
J**'*'''*  Powder;  Opii  ct  Ipecac.  I'ulv.  Co.,  P.I.). — Contains  10  per  cent,  each  of 
25**«l  Ipecac  with  Milk-sugar,  U.S.P..  or  Potass.  Sulphate,  B.P.  (This  waa  in- 
9^**'l  ity  TTuimaA  Dover.  1743,  as  a  di.iphoretic  in  goul.)  Dose,  0.5  Gm.,  b  gr., 
"'"^■'lO-J  to  I  (Jm.,  s  lo  15  gr.,  B.P.     Maximum  dose,  1.5  Gm.,  lo  gr. 

jj*.  Kino  Co..  see  Index.) 

'■«■  Opii  Co.,  BJ*. — 10  per  cent,  of  Opium,  with  aromatics.     Dose,  0.3  lo  1  Gm., 

I '".lie,  B.P. 


l/'W.  rtimW  Co.,  B.P..  KC  Index.) 
''Opii,  U.S.P.,  B.P.;  Tin 


__  .^  Tincture  of  Opium  M.audanum). — 10  per  cent,  of  opium, 
■  *  ^ctnti  of  morphin.  m  diluted  alcohol.     Miscibic  with  water  or  alcohol.     Dose, 
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o-s  C.C.,  8  minims,  U.S.P.;  0.3  to  i  c.c,  5  to  15  ininimi,  repeated;  single,  i.a  to  1.8  CA, 
30  to  30,  B.P.     Manmum  dose,  3  cc,  30  minims. 

Tt.  Opii  Ammon.,  B.P.-~o.i  per  cent,  of  Morphin,  with  Anise  oil,  Benzoic  add  aod 
/Vmmonia.     Dose,  3  to  4  cc;  fa  to  >  dram,  B.P. 

"Tinctiura  Opii  Camphoratti  (Tr.  Opii  Camph.),  XJ.S,P.;  Tr.  Camphor.  Co.,  B.P. 
{Paregoric;  Opii  Tinctura  Henzoici.  P.I.). — 0.4  i>cr  cent.,  cacli,  of  opium,  benzoic  add, 
camphor,  and  anise  oil,  U.S.P.  The  B.P.  contains  the  same  iDgredients  with  0.5  per 
cent,  of  opium.  The  preparation  is  u»ed  eBpedally  (or  children.  Dose,  4  cc,  i  dram, 
U.S.P.;  3  to  4  cc,  >2  to  1  dram,  B.P.  4  c.c.  contains  16  mR.,  \-i  gr..  of  opium  or  1.6 
mR..  ^0  gr.,  of  morphin,  U.S.P.l(ao  rag.,  y^  gr.  of  opium  or  2  mg.,  ^q  gr.of  morphia 
B.P). 

*  TUul.  Opii  DeodoriUi.  U.S.P. — Same  stretiKlh  and  dose  as  the  Tincture;  has  lew 
odor,  having  becnestracted  bypetroleumelher.     Similar  Eo  McMunn's  Elixir  and  otl: 
nostra. 

LUng.  GaU.  C.  Opie,  B.P..  see  Index.) 

{Un%.  Myrrh.  C.  Upic,  B.P..  see  Index.) 

Pantopon  {PantopiuM  Ilydrochloricum),  N.N.R.—  A  puriGod  mixture  of  opium 
•Ikftloids,  conlaining  50  per  cent,  of  morphin.  Sol.  in  water.  Dcsd,  5  to  30  mg., 
H  to  H  gr,.  by  mouth  or  hypodcrmically. 

Sartophin:  Morphin-Varuotin  mcconatc. — About  33  per  cent,  of  morphin.  SoL 
in  water.     Done,  three  times  that  of  .Morphin. 

Sanpiinarh.   U.S.P.  (Blood  Root). — The  dried  rhizome  and  roots  of  Sanguinarift, 
canadcnms.     Daft,  0.135  Om.,  3  ((r.,  U.S.P. 

Tr.  Sanguin.,  U.S.P.^— 10  per  cent.,  in  acidulated  60  per  ceoU  alcohol.    Dm*,  z 
15  minims,  U.S.P. 

PREPARATIONS — UORFHIH 

'Morphin  and  its  salts  occur  as  odorless,  bitter  white  powders  or  colorless  crystals. 
They  arc  incompatible  with  alkalies,  tannins,  iodids  ana  other  predpitant^  of  alka* 
loids.  Dose.  8  mg.,  ^  gr.,  U.S.P.;  8  to  30  mg.,  >^  to  \-i  gr.,  B.P.  The  rectal  dose  is 
the  saine;  the  hvpodermic  about  two-tliirds  uf  the  oral.  Maximal  single  dose,  3a mg., 
H  gr.  The  action-%  ht^Rin  in  about  five  minutes  on  h>-podetmic  adminiM ration.  Solu- 
tions are  s.xid  tu  dccocnpus^  rather  reodilv  when  heated  above  6o^C.  (Welmaos,  iqoS). 

Xforphina,  U.S.P.,  diHi.NO,  +  IMX— Very  slightly  sol.  U  water  <i:3.34o); 
slightly  sol,  in  ale.  (i  :3io);  *oi.  in  lime- water  (i  :  100). 

Af^jrph.  Acft.,  D.P.,  C,Tir„Np,.C»H,Oj  +  3H.O.— Freciy  aoL  in  water  (1:3.5). 
Loses  acetic  acid  on  exposuiL*  to  air. 

•  .Vofphino!  IJ  ydr  Of  filer  idnm  (Morph.  Hydrochl.),  U.S.P.,  B.P.,  CiiH.»>IO..HCI+ 
3H«0.  —Sol.  in  water  {i  iiy.j)  or  ale.  (1:52). 

*\rorph.  Sulpk..  U.S.P.,  tCiTHi,NO,)i.HiSO»  +  sHiO.— Sol.  in  water  (1  :  15.5); 
slightly  sol.  in  ale.  (i :  565). 

Mifrph.  Tart.,  B.P.,  {Ci,Hi,NO,)|.C|IIflO«  +  311,0.— Sol.  in  water  (i :  11).  ^ 

In).  MoTpk.  Hyp.,  B.P. — 2.5  per  cent,  of  tartrate.     Dost,  0.3  to  0.6  ex.,  5  to  lofl 
minims,  B.P.  ^H 

Uq.  \f(yrpk.  Acet.,  B.P. — i  per  cent.     Dose,  0.6  to  3.6  cc,  10  to  60  minims,  B.P. 

Liq.  Morph.  Tart..  B.P. — t  per  cent.     Dcse,  0.6  to  3.6  cc,  10  to  60  minims,  B.P. 

Supp.  Morph.,  B. P.— 0.017  tim.,  K-^  gr. 

Tr,CUor0j.  Et  Morph.  Co..  B.P.—Chlorof.,  7.5  per  cent.;  Morph.,  i  per  c«nl.;  Ad< 
Hydrocyan.  Dil.,  5  per  cent.;  with   Capsicum,    Cannabis    Indica  and    Peppermint. 
Di»e.  o.  I  to  I  cc,  5  lo  IS  minims,  B.P. — Used  in  colic 

Troch.  Morph.,  B.P.— 3  mg.,  ^o  gr- 

Troch.  M<trph.  Et  /^cciic.  B.P.— a  mg.,  ^ogr.,  of  Morphin;  6  mg.,hii)gr.,t^lptcac. 


PREPAKATIONS — ^MORPOIN  DEHIVATn'F.S 

These  resemble  the  morphin  salts  in  phyacal  characters  and  inconi- 
palibililics;  they  are  further  incompatible  with  strong  acids  or  alkalies,   ^h 

Aeihylmorph.  Hydrochhr.,  U.S.P.  (Dionin).  CiiH„NO{OH)(OC,Hi).HCl  +  iH^oH 
— White  or  yeSlowish,  odorless,  microcryslailice  powder.     Freely  sol.  in  water  (i  :8); 
sol.  in  ale.  (i  :33).     Xhse,  15  mg.,  ,!^  gr.,  U.S.P.;  Locally,  10  to  so  per  cent.     Maximois 
dose,  so  mg.,  9i  gr. 

Diacetylmar Chirm,  U.S.P.    (Heroin),    Ci7H,,(CJH,05)iNO.— Very  slighUy    »ol  in 
water  (t  :  1,700);  sol.  in  ale  (i  :3i).     Dose.  3  mg.,  \i^  gr.,  U.S.P. 

•  Diacetylmorph.  Hydrochl.,  U.S.P.,  Diamorpk.  ffydrockt.,  B.P.  (Heroin  Hydrochlorid), 
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C,iHn<CiHiOi)0»O.HCl  +  11,0.  Freely  sol.  in  water  (r  :  3);  sol.  in  ale.  />«*, 
iiof.,  ^oRT-  U.S.P.;  a.sioSmg.,  ,1^5  to  ,^gr.,  B.P.     Maximum  dose,  10  mg.,  H  ST. 

C«(ri».i,  IT.S.P..  B.r..  CiiHu(CH,)NO»  +  HjO.  Slifthtly  sol.  in  water  (i  :  120); 
fndy  »l.  in  ale  (i :  2).     Dose,  30  me..  }i  tr.,  U.S.P.;  16  to  60  mg.,  >i  to  i  gr.,  B.P. 

'Codrin.  /»*wf*.,  U.S.P.,  B.P..  C.JIi,NO,.H,PO.  +  2H,0.  67  per  cent,  of  anhy- 
dnos  codein.  Freely  mI.  in  water  (t  :3.3);  slightly  sol.  in  ale.  (1  :s3s).  Daxf, 
JB»)C-t  H  gr-.  U.S.P.;  t6  to  60  mg.,  ^i  to  i  gr.,  B.P.     Maximum  dose,  0.1  Cm.,  i  li  gr. 

Syr.  Codnn.  Pkoiph-,  B.P.    0.5  per  cent.     Dose^  a  to  8  r.c,  'j  to  j  drams,  B.P. 

CMh  Sulph,,  C.S.P..  (C,»H.,NO,)^.H.SO.  +  5H,0).— Sol.  in  water  (i  :3o);very 
iK^lyioI.  in  ale.  (i  :  i.afio).     Dose,  30  mg.,  ^  (jr.,  t'.S.P. 

Papmerim.  SuJph.,  K.N.R.,  (Ct«lrl,|0«X)i.H<SO|.— Sol.  in  water  or  ale.  DiUf, 
jolotemg.,  H  to  <H«r- 


HYDRASTIS 

Hydrastis  (Golden  Seal)  has  few,  if  any,  rational  indications.     It  is 
pbyed  empirically  as  a  bitter  stomachic;   to  check  internal  hemor- 

ihagc;and  locally  in  catarrhal  conditions,  especially  of  thcgenilo-urinary 

IncL 

[CoDStitueots. — Hydrastis  contains  at  least  three  alkaloids:  Berbcrin,  i.s  to  4  per 

.,  H>iliu>-rm.  at  least  7.5  [ler  cent.  (U.S.P.),  and  Ciimidin,  a  derivative  of  berbertn. 

n  ti  also  some  resinous  matter,  etc. 

Jlylmlin. —  lliis  is  an  isoquinolin  derivative,  closely  related  to  some  of  the  minor 

c^wn  tUulotds,  Xarcotin,  Ijindanocin  and  Papavcrin.     Xarcotin  is  mcthoxy-liydras- 

til,  u  R  of  hydrastin  being  replaced  by  OCH,. 

nyrira*iin  -  C„Tri,\'0«,H(OCH,)« 
XarcoUn  -  C,.IItiNO».(OCH»), 

8f  oiidallon  both  give  analogous  artificial  alkaloids,  which  arc  somewhat  iniportant: 

C„H„XO,  -*-  Hrf5  +  O  -  CioHibO*  +  Ci,H„NOiH 

(lydrutin  Opinnie  arid  Hydrdimtn 

CnHttNO,  +  H,0.+  O  =  CioHi,0»  +  CiiHi,NO/)CH, 

Xsreolin  Optunic  actd  Colnrntn 

iti^aUi^  CmHitNO*  (structure,  Foltis,  1910)  is  an  intensely  ydlow  and  hitter  olka- 
«.  o(  wide  occiincrKe,  which  gives  the  color  and  taste  to  a  large  number  of'golden" 
nt^udbarics  (Bcrbcris.  Xanthoxylon,  Coplis,  etc.). 

^^'liBai  flf  Hydrastis. — An  csicnsivc  study  of  Hydrastis  and  its  alkaloids  was  maileby 
""We.  1895.  'ITiis  gives  the  literature  to  that  lime.  Of  later  papers,  mention  may  be 
J*^o|  those  of  Fcllnrr,  ioo<);  Williaras,  igoS;  ami  Laidlaw,  iqio.  The  effects  of  the 
•""lud  of  its  different  alkaloids  arc  qualilivcly  similar. 

^  rwiini  nervous  System. — Hydraslin  produce*  convuldve  effects  analof;ous  to 
™J*  flf  ttrj-cbnin.  The^e  are  alio  obtained  with  the  fluidextract.  'ITie  derivatives 
2™*tlBla  and  colarnin  have  a  purely  depressant  action,  producing  death  by  rcspira- 
■•y  PUalysis  (Laidlaw).     There  is  no  narcosis. 

Ciradaif4>H. — From  the  experimental  results,  it  seems  that  the  effects 
"liydrasiis  and  it.s  alkaloids  and  derivatives  on  the  circulation  arc  too 
"WilaiD  to  be  therapeutically  useful.  The  clinical  evidence  also  ap- 
Ptws  insuilicicni  to  establish  their  value.  Frey,  iQcg,  found  that  hydras- 
^hjui  no  effect  on  pulmonary  hemorrhage.  U  is  possible  that  these 
*<P  may  have  a  more  pronounced  influence  on  uteriue  hemorrhage, 
^^h  their  action  on  the  uterine  muscle. 

t^  '?y  ^KOrdant  results  have  been  descril»cd.  WiUimma  obtailKd  no  effects  with 
P^wflue  or  oral  administration,  even  with  very  large  doMS.  InlravenouRly  the 
■■JWiWI,  hydrastin  and  bcrlxrrin  prtxluccd  the  same  rcsuJIs;  considerable  fall  of 
•"^ prenurc,  Iiillnwerl  with  small  doses  by  a  slight  and  ^litirl  rise.  With  I.irpr  dose*, 
••  ptoiure  remained  low.  These  effects  were  predominantly  cardiac  (.myocardio* 
''■tttiad  oncometer);  lhi&  overshadowed  any  possible  vasomotor  changes. 
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The  va2omotr>r  crnter  i&  not  directly  affected  by  moderate  doses  of  hydra&tis,  hyd 
tia,  bcrbcrin,  hyiiraatinin  or  CDtarnin;  but  muy  be  stimulated  indirectly  throu^' 
respiratory  depru^an,  convulstve  phenomena  or  cardiac  arrest  (Pilcher  aod  Sollmaiut, 
191O. 

With  toxic  doses,  there  U  vasomotor  paial>'sis,  and  paralysis  of  vagus  endings. 
Kxcised  organs  show  some  vasodilation. 

On  the  scarified  skin,  liydraslin  Ci:  1000)  produces  »omc  blanching  (SoUmaoo  and 
Pikhcr). 

liydraslin  is  related  to  the  protoptn  group,  and  tiicrelon:  depresses  the  cardiac 
luid  skeletal  muscle,  and  hat^  a  weak  local  anesthetic  action. 

Hydraslimn  also  causes  some  primary  fail  but  B  larger  rise  <about  15  mm. I  main- 
tiuned  /or  nver  fifteen  minutes;  the  heart  rale  is  slowcil.  This  rise  U  also  predominantly 
cardiac,  but  there  h  a  stimulation  of  the  arlerial  muscle,  not  prevented  by  paral>reing 
the  ncr%x  endings  with  ergotoxin.  Kurdinownaki,  1904,  Interprets  its  uctioiu  rather 
differently. 

Uterine  Actions. — Fcllner,  1906;  K-chrcr,  1Q07.  and  Licb,  1914,  showed  that  bydrastis, 
hydra.stin.  hytlrastitiin  and  cutiirnin  increase  the  tanus  and  excite  rhythmic  cootrac- 
dons  of  the  uterus,  bath  in  the  exr ised  organ  and  in  living  animals.  This  has  been  con- 
firmed by  the  subsequent  workers;  also  for  the  surviving  human  uterus  (Kut:b»amen 
and  Kligermann.  1912).  High  concentrations  relax  (Wcndling,  1915).  Berhcrin  lias 
aimiUr  efiect^  {Marekr  iQn)-  La  Torre,  1913,  examined  histolc^cally  the  uteri  of 
anlniBls  treate^l  with  faydrastinin.  The  muscular  la>'ers  were  contracted  and  thickened. 
compressing  the  larger  vessels,  and  thereby  probably  decreasing  the  blood  supply  of  the 
mucosa.  Laidlaw  found  the  stimulant  action  of  hydrastinin  and  cotamin  consta.Dt  in 
the  excised  nrKan,  but  varying  with  conditions  during  life.  These  actioni^  re*emble 
those  of  the  pituitary  and  ergot  principles;  but  hydraslis  docs  not  act  on  the  intestine, 
and  very  slightly  on  the  bladder.  Synllielic  hydrastinin  appears  to  be  rather  more 
stimulant  than  the  natural  alkaloid  (Wcndling,  1915). 

The  bronchioles  an-  not  markedly  affct  trd  in  pillird  animals  (D,  E.  Jackson.  1914). 

Action  of  Berberin  and  Canadfn. —  Bcrbcrin  acts  as  a  simple  bitter  in  small  doses. 
Its  bitter  laslc  and  the  ycUow  .'*taici  which  it  produces  on  linen,  render  it  objectionable 
in  the  therarvcutic  use  of  hydrasti.s.  Berbtriit  ts  about  seven  times  as  active  as  hydras- 
tin  on  the  circulation ;  and  as  hydrastia  contains  about  one  and  one-half  times  as  much 
berberin,  about  85  per  cent,  of  tlic  circulatur>-  cScct  is  due  to  this  alkalcnd.  Large 
doses  lower  the  temperature,  increase  peristalsis,  and  kill  hyci-ntral  p<araJysis  (Cuici 
1891).     It  is  not  excreted,  being  probably  oxidized  completely  (Ucrg). 

Canadin  resembles  morphin  somewhat  in  itx  arlimi.     Ft  i^  present  in  too  MnaQ  a 
quantity  to  be  of  practical  importance.     Itoccurs  alsoinxaQtbo;^lum,whereitsaci ' 
have  been  studied  by  Lnidlaw,  1913. 


FREPAKAITONS — RYORASTIS 

Rydraxth,  U.S.P.;  Hydrasi.  Rhh.,  B.P.  (Golden  Seal).— The  dried  rhizome  uod 
of  Hydrastis  oinadensis,'  >-ielding  not  less  than  3.5  per  cent,  of  hydra&tin,  U.S.P.     Dottt 
I  gm.,  \o  gr..  U.S.F. 

Hyrira.stis  was  employed  by  the  Indians,  mainly  as  a  pigment,  but  also  as  medicine. 
It  was  introduced  by  the  eclectics  about  the  end  of  the  eighteenth  ccnturj-.  *I*bc  plant 
is  becoming  rare,  hut  is  ea«ly  culiivulcd  <IIcnkeI  and  Klugh,  190A). 

Rxi.  Hydrcii.,  U.S.P. — A  powdered  extract  with  10  per  cent,  of  hydrastin,  i  i.'*m. 
repreftcnting  4  Cm.  of  druR.     Dtuf.o.^  Gm.,  Kgr,.  U.S.P. 

*  Ftdfxi.  Hydrastis,  U.S.P.;  Exi.  Ilydrarl.  Liq.,  B.P.— a  per  cenL  of  fayilraatin;  Jj 
alcohol,  \{q  glvcerin,  U.S.P.  Dose,  2  c.c.,  30  minims,  U.S.P.;  o.j  to  t  cc,  5  to  15  noin- 
ims,  B.P. 

Giv(rr.iIydrasl.,XJ.S.V. — About  t.25pcr  cent,  of  bydrasUn.     Dau,  ace,  30  mini: 
U.S.P. 

Tr.  IlydraU.,  U.S.P.— 20  per  cent.     Dose,  4  cc,  i  dram,  U.S.P. 

Tr,  flydraU.,  B.P.—io  per  cent.     Dnse,  a  to  4  cc.  W  to  1  dram,  B.P. 

HydrjsftHa,  U.S.P.,  C-iHnNO«. — White  prisms.     Almost   iiwol.  in  trater. 
10  mg..  Ife  gr..  U.S.P. 

Uydrailm.  UydrotM..  U.S.P.,  CtiHtiNO«.Ha.— White  powder.  Very  sol.  in  water 
or  aU-      /Mjf.  10  mg,,  \^  gr.,  U.S.P.     Maximum  dose,  o.i  Gm.,  iH  RT. 

Uydraslittin.     IlydroeM.,    U.S.P.,    CitH,:N"0,-Hn.— Light    ydfowwh     rv.~cA\n    at 
powder.     Vcrj-  sol.   in  water  or  ale.     Its  aqueous  solurion.  especially  when  highl, 
diluted,  showrs  u  blue  efflorescence.     Dosr,  30  mg.,  )j  gr.,  U-S.P. 
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COTARUIN 

Cotamin  Salts  ("marketed  under  the  names  of  "Styptida"  and  "Styp- 
tol")  are  used  to  arrest  bleeding,  especially  in  menstrual  disorders. 

The  clinical  reports,  on  which  their  employment  rests,  iire  often  superficial  and 
tcft  contradictory.  The  mechanbm  of  the  reputed  actions  has  not  been  cleared 
'iinentiil  invcstigatioos.  This  obscurity  ncctM^ttutcs  a  more  cxlcnsi^x  discuft- 
the  importance  of  the  subject  wnuld  athcrwisc  itislify. 

Cot&min  irts  iotroduccd  by  M.  Krcund.  1393,  on  the  oasis  of  its  chemical  similarity 
«hh  the  more  ezpensive  bydrn^tinia.  This  chemical  relation  was  discussed  under 
hfdruli^. 

C&aical  Usss. — Cotamin  has  been  employed  ftystemically  In  various  forms  of 
vlninr  hcmorrliajjr;  in  other  laternul  hcmorrbaifps;  and  locally  in  supcrfidal  bleeding. 

Virrine  Hemorrhage. — The  moat  f-ivorahle  result"!  are  reported  in  inen<itnial  menor- 
thcia.  endometritis  a^d  congestive  hemorrhage  resulting  from  malposition  (Gott- 
idulk,  1803  and  i8<)Qi  Katz,  1903;  Vielh,  IQ03;  Buldt,  tpo4;  K.  Abe),  :t)o5:  Aarons, 
tQOT;  Offcffceld,  1915).  Cotarnin  is  sokl  to  shorten  the  duration  of  the  periods  and  to 
|lO(t!ien  the  intervals  (Eliichcr,  1904).  The  response  is  prompt  if  adequate  doses  are 
ioltcied  (OffcFKcId,  1915}.  Some  observers  claim  that  it  also  acts  a<t  a  "uterine  seda- 
tive," meaninje  that  it  lessens  tlie  pain  of  dysmenorrhea  (Gottschalk;  KaU:  K.  Abel; 
Jwoby.  iQoft-.Lorkycr,  1907);  but  tnc  claim  rests  mainly  on  loose  statements  of  patients, 
udotfaen  have  failed  to  observe  any  anodyne  effect  {Handficld-Jonc*,  1907;  Offcrgeld. 
ijlj).  AH  agree  that  it  dties  not  provnke  uterine  puin  or  contraction.  It  i*  conceded 
•o  be  tBeffectivc  against  postpartum  hcmorrhaKe.  and  probably  also  against  bleeding 
Rnlbng  fnim  abortion,  tumors  and  dlher  Rrnss  aniitomic  lesions. 

Otkerlnt^nai  flfmorrkage. — Positive  results  have  been  reported  in  bronchial  hemor- 
riufcind  tubercular  hemoptysis  (T,avialle  and  Ru>-sscn,  1808;  Hussa,  191 1);  in  hema- 
itdiof  urethritis,  catheter  injuries*  etc.  (Kaufmann,  1905);  in  intestinal  hemorrhage, 
He. 

These  statements,  however,  ue  not  sufficiently  substantiated,  in  new  of  the  diffi- 
olly  of  predicting  the  spontaneous  cessation  of  such  hemorrhaRcs,  and  the  historj-  of 
*tMr**tatirnial  hemostatics."  The  claims  arc  flatly  contradicted  by  at  least  one  of  the 
"mnat  advocates  of  Cotarnin  (Vieth). 

iWrf  Urmorrkaie. — The  topical  application  of  cotarnin  in  substance  or  itixnigsolu- 
*•  (10  to  50  per  cent.)  to  superficial  wounds  apparently  produces  a  local  vasoconstric- 
Hn  nth  prompt  arrest  of  bleeding.  Ttus  has  been  used  successfully  especially  in 
^otb  a  traction  (Munk,  1899;  Marcus;  Sigrist,  1913),  epista]d.<i;  and  in  nasal  and  genito- 
^"tnr  operations.  Its  cfTccts  would  be  more  lasting  than  those  of  epinephrin,  and 
**<«  of  the  coagulant  action  of  the  astringents.  It  is  said  to  be  effcctivx  even  in 
WilliilDIa  (HuUsch,  1899).  This  local  efTect  of  strong  solulinn>>  is  quite  distinct  from 
QBifitnBic  administration;  for  Marcus  states  specifically  that  the  latter  was  ineffec- 
IKidtWr  prophylactically  or  remedially,  in  tooth  extraction. 

The  local  styptic  effect  baa  also  been  confirmed  experimentally  (K.  Abel,  1905). 
^■Booiam  phtnalale  likewise  acts  as  a  local  styptic,  and  this  may  contribute  to  the 
■"«  (fleets  of  Styptol;  although  It  can  play  no  part  in  the  systemic  action  (Offergcld, 
'"j!. 

lijoriments  on  Mechanism  of  Action. — The  numerous  iovestiRations  so  far  made 
•**  j-ielded  hltlc  ol  prattical  value.  They  show  that  cotarnin  has  a  low  toxicity. 
•ay  \iifjt  doses  produce  some  las.'^ituilc,  ataxia.  K^^neral  depression,  and  Bnally  death  by 
JH^IjVB  of  rcspiratton.  The  narcotic  action  b  not  pronounced.  Intravenous  injec- 
^""preduce  Imef,  inconstant  and  usually  slight  changes  in  the  circulation,  which  can 
y  w  part  in  the  therapeutic  action.  Tlic  contractions  of  the  excised  uterus  are 
I^^Mcd,  bet  the  clinical  data  show  that  this  does  not  occur  with  therapeutic  doses. 
™Jiiioo  of  excised  organs  have  foiled  to  show  any  peripheral  or  central  effects  on  llie 
'*«lc  vfaseU.  The  local  ftt>'ptic  action  is  obtained  with  high  concentrations,  and 
2*  **  ibttcfore  apply  to  the  systemic  administration.  There  remains  the  possibility 
?*gttific constrictor  effect  confined  to  the  uterine  vessels.  The  only  direcl  evidence 
™.wcoasiitsin  tlie  histologic  observations  of  la  Torre,  which  require  confirmation  on 

^wral  Synvtama. — K.  Mohr,  1905.  found  that  0.1  to  0.2  Gm.  per  kilogram,  in 
™^  doss  or  cats  produced  only  some  lassitude  and  drowsiness.  Larger  doses  hnd  a 
r^«*ted  Bedati\-c  action,  especially  in  cats  and  doifs.  Ataxia  was  als«»  pronounced. 
"<w  Eilal  doses,  these  effects  were  followed  by  some  excitement,  then  prosrcssive 
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paralysis  till  deatb.  Toward  the  rnd,  the  nr>piruiion  >»n*ninc  very  kIow  and  yhallow, 
sometimes  interrupTed  by  upbyxud  convut&ioos. 

Laidlaw,  1910,  on  guinea  pigs,  describes  indefinite  dciircssion  of  the  ccotml  ncr%'ous 
system  and  death  by  pnralyMHof  the  respiratory  center.  Relatively  small  doses  jJowrd 
the  respiration,  without  chan^ic  of  depth. 

Falol  Dotr. — Thi»  niii){>^  from  abcHit  0.1  Gn).  per  kilofpvm  for  guinea  pigs  (LaldUw) 
to  O.J  lo  0.4  Gm.  per  kilogram  for  rabbits,  and  even  higher  for  dogs  and  cats  (Mohr). 

Uterine  CoDtroctions. — Kchrrr,  1907,  found  lb*t  cotarnin  stimulates  the  uterus, 
both  excised  and  in  5i7h,  pregnant  or  non-pregnant;  increa&ing  iho  conimctioa^  and 
tonu5.  This  has  been  conlirmed  for  the  exci&cd  organ  by  ul)  »ub»equrDt  workers 
(Lftidlaw,  iqio;  Ruchsiimen  .tnd  Kllgermnnn,  iqi  i\  I.ich,  1914).  The  results  in  fitu  are 
contradictory.  Kelirer'a  stimulant  cHcct^'i  n-ere  obtained  wilh  cats.  With  a  pregnant 
rabbit.  Molir,  IQ05,  obtained  no  slimulalinn.  Laidlaw,  igio,  also  found  (he  rc«uft&  on 
living  rabbits  nei^ative,  whilst  the  exci^^d  or;;ai)  responded.  La  Torre,  igi?,  ob^erx'ed 
no  histologic  uviilc-nce  of  contraction,  such  a»  is  seen  after  ergot  and  b\'Tlraitinin. 
Chfappe  and  Ravano  found  that  the  pregnancy  of  guinea  pig&  was  not  affected  by  toxic 
doses;  and  that  even  fatal  do<^es  produced  no  abnormalities. 

The  clinical  data  arc  in  harmony  with  these  negative  results.  All  reporters  agree 
that  cotarnin  never  provokes  uterine  patn<i,  even  in  late  |>regnancy;  that  it  doc^  not 
hasten  the  involution  of  the  uterus;  and  that  it  has  no  influence  on  postpartum 
hemorrhage. 

Mohr  cLiimcd  that  cotarnin  deprcuct  the  excitability  of  the  uterus  to  b>'pogaatric 
stimulation;  but  his  conclusion  apjicar^  to  be  based  on  a  single  very  imperfect  experiment 
with  enormous  doses,  and  mu?tt  therefore  be  rejected. 

It  appears,  from  all  this,  that  cotarnin  stimulates  the  excised  uterus,  on  local  con- 
tact; but  that,  with  systemic  admini^tr.ition,  the  Ltcrus  docs  not  respond,  at  least  in 
rabbits;  and  certainly  not  with  therapeutic  doses  in  the  human. 

Oiher  Smooth  Musdfs. — Offer^eld  quotes  contraction  of  the  inte5tine«  and  bladder; 
but  Lftidlaw  found  the  bladder  irresponsive. 

Systemic  Circulation. — Intravenous  injection  produces  variable  changed  in  the 
bloocf  pressure;  sometimes  a  fall;  or  a  momentary  fall  followed  by  a  slight  rise  (Kehrer, 
1907:  Laidlaw,  1910;  Licb,  1014).  It  the  vagi  were  divide*!,  the  rise  is  more  prominent 
(Pilcncr  and  SoIlmaJin,  1915).  The  vasomotor  center  is  rwt  ailecled  directly,  but  may 
be  stimulated  by  the  slowed  respiration  (Pilcher  and  Sollmann);  and  this  probably 
accounts  for  the  rise.  The  fall  of  pressure  .ippeani  to  be  cardiac;  for  the  Langertdorff 
heart  is  slowed  and  wcakeoed  (Laidkw).  Kehrer  and  Heinz  abo  consider  the  fall 
cardiac. 

This  dirainished  output  of  the  heart  has  been  credited  with  being  tlie  cause  of  the 
hemostatic  cfTect;  hut  this  is  most  improbable.  There  is  no  cndencc  that  it  occurs 
with  therapeutic  doses;  and  even  with  the  experimental  dusc»,  it  is  too  slight  and  espe- 
cially too  evanescent,  to  influence  a  persistent  hemorrhage. 

Direct  Acti<m  on  SysUmic  Arl<riiitcs. — All  the  earlier  investigaton  (Falk,  Marfori 
and  Ronsse)  afHrm  that  cotarnin  has  no  elToct  on  the  arterioles,  with  systemic  admin- 
istration. This  hiis  been  confirmed  by  the  negative  results  of  perfusion  experiments 
(Laidlaw.  leg).  The  positive  results  of  direct  conUict  with  strong  solutions  hove  no 
bearing  on  this.  Cot&min  does  not  produce  the  gangrene  changes  characteri5tic  of 
ergot  (Mohr). 

Coagulation  of  Blood. — ^This  is  not  affected,  whether  the  cotarnin  t>  added  directly 
lo  the  blood,  or  injected  into  the  animal  (Laidlaw;  Marfori). 

Vterint  Vusrls. — Many  of  the  clinical  authors  expfdn  the  action  of  cotaniia  by  a 
spedal  action  on  the  uterine  vcsseK,  a  slimulaliun  of  their  vaM>molor  nervo,  etc 
(K.  Abel,  1905).  This  appears  to  be  purr  assumption.  More  recently,  however.  La 
Torre,  1917,  reports  histologic  evidence  of  contraction  of  the  larger  uterine  vcskU  in 
animals  treated  with  cotarnin.  Since  postmortem  appearances  usually  give  a  ver>- 
impcrfcct  picture  of  the  chanpct  during  life,  this  evidence  requires  confirmation  b\ 
pbysinloiiii^  rm-thtids. 

Dosage  and  Adnunistration. — The  cotarnin  salts  may  be  used  by  mouth  fir  hypo- 
ikrmically,  the  latter  being  much  more  efficient.  The  intramuscular  dose  is  0.35  to 
0.5  Cm.,  as  lo  or  ;a  per  cent,  solution.  rc(>cated  daily  as  needed.  The  injections  are 
not  irritant.  By  mouth,  the  dosage  is  from  0.05  to  o.r  Om.  four  to  Ave  limes  dailv- 
Smaller  doses  axv  incfhcient.  In  meaorrhagia,  it  may  be  started  several  days  before  the 
expected  period. 

Side  Actioos. — Xonc  have  been  reported  from  oral  administration  or  from  hypo- 
dermic injection.^  of  o.s  Ora.     Offergeld  found  some  lassitude  with  0.7  Gro.  and  a  single 

'  of  temporary  c<^pse  with  0.65  Um.  by  intramuscular  injection. 
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PREPARATIONS — COTARNIN 

Cibmim^  BydrocUwicum  (Cotarn.  Hydrochl.).  U.S.P.  (Slyptido).  CiiI]isO«X.HCI. 
— (Moricaft,  hitter,  yellow.  cr>7slnllinf  powder.     Very  sgl.  in  water  or  ale,  yielding 
L  jrikiv  utotkma.     Dote,  0.06  Gm.,  1  gr.,  U.S.P. 


CANNABIS 

The  tops  of  the  hemp  plant  are  somewhat  of  a  pharmacologic  curiosity. 
They  contain  resinous  constituents  (cannabinol)  which  produce  a  peculiar 
[Kvchic  exaltation.  It  is  employed  as  an  intoxicant  in  the  Orient. 
ThOTpeuticallVf  it  is  used  empirically  (Extract  o.or  Gm.,  l-^  gr.)  as  an 
adiirvant  to  other  drugn  in  nervous  headaches,  and  as  a  coloring  agent 
for  com  remedies.  The  drug  is  of  uncertain  activity,  and  has  no  rational 
'  iadicaiion. 

iBtoxkint  Action  in  Muu— The  oriental  use  of  Cannabis  ("Hashish,"  Bhang, 
I  Quia,  tic)  antedates  history.  It  wa»  introduced  in  Western  medicine  about  the 
twIiHe  o!  the  nineleentb  century.  When  used  U5  an  intoxkunt,  the  tup»  or  resins  arc 
Indiinto  a  coofectioQ  or  smoked  with  tobacco.  Inflective  doses  l.a  gr.  of  solid  extract 
|tf  the  Indian  or  Americnn  drug)  product'  after  about  an  hour  a  state  of  ^>artial  inebriety 
Ittdanfuston,  with  happy  and  humorous  tentlcndcii.  Ideas  pa.'^s  rapidly  but  diiron- 
[■dolly,  K)  that  the  time  seems  very  long.  The  subject  ofti-n  has  hallucinations  of 
tilsbk  penoDaUly.  The  exaltation,  which  seem»  to  be  much  mure  marked  in  urii-nluls, 
l^neoteckd  by  some  irritabilLty.  dozing,  and  complete  recover>-  in  five  or  six  hours. 
ilVcffects  are  modi^cd  by  indi victual  disposition  una  surroundings  (Hamilton,  Lescohicr 
>Md  Perkins,  iqi3)>  It  is  stated  that  the  drug  is  not  fatal  even  in  very  lar):r  doites,  but 
|cqetinia  on  dogs  certainly  shows  that  it  presents  some  danger.  The  habit  to  which 
'h|pTQ  riie  ihows  less  e0ect  u[)on  the  alimentary  canal  and  less  marasmus  than  does 
I  BBlAIa,  bat  more  often  psychic  altrrntions,  dulness,  or  mania.  Tht  clinical  side 
[Mion&redMcrit»ed  by  Seiicrt,  Nebenwirk.,  1015,  p.  149. 

Hwltoa  Animals. — Dots  (Dixon,  189^)  nUo<>nowa  decided  narcotic  efTcct.  After 
^IRfiafaiaiy  ataxia,  excitement,  and  nau»ea,  the  animals  usually  fall  into  a  deep  and 
fnhmul  sKqi.  during  which  the  scnsiilion  uf  pain  h  much  dimini-.hfU.  whiUt  the  rc- 
'  knipodsC.  Some  animals  show  acutt^  mania;  a  fatal  ending  i:^  not  rare  from  doses 
jft&^re  tneffective  in  gther  animals,  the  same  preparation  being  u»:d.  Considerable 
■iaVKraay  exists,  and  the  action  is  fairly  indeijendcnt  of  the  dcise.  The  effects  can 
M  bt  obtained  by  h>'podennic  administration  (on  account  of  the  non-ab^rption  of 
tttfklnV 
XitMu  seem  absaluiely  insusceptible  to  the  narcotic  action  of  cannabis. 


PREPARAnONS — CANNABIS 

CanuAir,  U.S.P.;  Cannabix  ladka,  B.P.;  Cannabis,  Indian  Kemp  (Hashish,  Bhang, 
CiUi,  Caaiiga,  Charas,  Momeka,  etc.), — Dose,  o-ofi  Gm.,  1  gr.,  U.S.P, 

TV  dried  dowering  or  fruiting  lops  of  the  pistillate  plant  o(  Cannabis  sativa.    The 

■^-  tquirei  tliat  it  be  grown  in  India;  the  U.S.P.  permiLit  any  origin,  but  provides 

w  the  activity  must  be  confirmed  by  testing  its  narcotic  effects  on  dog^  (Houghton 

ntUioditoa,  1907;  CS.P.  IX).     This  is  necessary  since  different  samples  vjiry  greatly, 

I  '■tin  liable  to  deteriorate  rapidly.     If  the  Indian  drug  is  preferred,  Cannabis  Indiai 

J^V^Hnedfied;  if  the  American,  Cannabis  ;\mericana.     American  grown  Cannabis 

PjmHu  IdeDticiil  effects  (Houghton  and  Hamilton,  1907  and  r^o^l),  nut  U  generally 

j  iriy  Uf  u  active  (Eckler  and  Miller,  191  a).     The  preparations,  however,  arc  brought 

^IttbituDe  degree  of  intimity. 

t^ttHpti  int^ftJinti  is  a  resin,  ciinnab'tHol  (I-'racnkcl,  1905),  CnHioOt,  which  prct^cnts 
annce  of  1  thick  reddish  yellow  oil,  soluble  in  petroleum  ether,  etc.  (not  identical 
cwmrocrdal  "cannabinol").    This  changes  by  oxidation  to  an  inactive  black 
The  change  acfounlji  for  the  deterioration  which  the  drtig  and  its  preparations 
_» lo  lueping.     The  deterioration  can  be  prc\xntcd  by  excluding  the  oir  (Marshall, 
}}.    Caanabts  also  contains  a  volatile  oil  (tcrpcnes),  paraffin,  pitch,  etc.,  which  aic 
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not  concerned  in  its  action.  There  is  no  specific  olkuloiii,  but  Uic  extracts  may  giw 
alkaloid  reaction  from  the  formation  of  cholin  and  triamethyUmin.  These  are  also 
not  connected  with  the  action.  The  (rcsh  extract  has  a  beautiful  frrccn  color  (if  prepared 
without  excessive  heat),  due  to  chloropbyl.  The  active  principle  is  completely  eitracted 
by  alcohol,  but  is  insoluble  in  water. 

The  pretended  Isohiicd  Principtei-  on  the  market  under  various  names  are  generally 
quite  inactive  (S.  A,  Matthews,  igo8). 

"Ext.  Camnabh,  U.S.P.;  ExI.  Ca»»o6.  Ind.,  B.P.— A  pilular  alcoholic  extnct. 
Doic,  lo  m^.,  14  £''•1  U.S.P.;  i6  to  6o  mg.,  }^  to  i  gr.,  B.P.     Maximum  dose,  o.i  Gm., 

Ftdext.  Cannab.f  U.S.P. — Dose,  0.05  c.c,  i  minim,  U.S.P. 

Tr.  Camutb.,  U.5.P. — 10  per  cent,  of  drug.  Dose,  0.5  cc,  8  minima,  U.S.P.  Mftri* 
mum  dose,  1.35  cc,  ao  minims. 

Tr.  Cant%*^.  !nd.,  B.P. — 5  per  cenL  of  cxtivct.  Dose,  0.3  to  i  cc,  5  to  15  minims, 
B.P. 

LACTUCARIUM-DRIED  LETTUCE  JUICE 

This  was  introduced  by  Dr.  Coxe  of  Philadelphia  in  1799  as  a  sedative.  Lettuce 
bad  some  reputation  us  a  hypnotic  in  ancient  timv^,  but  it  iii  probably  undeserved. 
Kcltcrborn  took  i  j  (im.  of  T^ctucarium  without  any  eflecta.  ^o  active  principle  hit 
been  determined. 

PREl».\RATIONS — ^LACTOCAHIOM 

Lacturiirium,  U.S. P. — The  dried  milk  juice  of  wild  lettuce,  Lactuca  viroBa.  D«*e, 
I  firo.,  15  RT.,  U.S. P. 

Syr.  Laeiutar.,  U.S.P.— 5  per  cent.     Dose,  10  cc,  i^  drams.  U.S.P. 
tr,  Lactticar.,  U.S.P. — 50  per  cent.     Dofe,  J  cc.  30  mimmft,  U.S.P. 

LUPXJLIIi  AWD  HOPS 

These  acl  da  billeni,  iind  have  some  popular  but  exaggerated  rcputalion  ss  h>'pnotic5. 
Hops  are  the  dried  ptscilUte  flowers  of  Ilumulus  Lupulus.  The  active  principles  are 
contained  in  small  glands,  which  can  be  »:pnnit<xl  as  a  powder,  and  constitute  the 
Lupulin. 

Two  adds  C«-and  ff^uphlinic  adds)  are  present.  They  stimulate  the  respiratory  and 
vagufi  centers;  this  is  followed  by  depresAion.  They  also  depress  the  cordimc  muscle. 
Lupulin  cuDtuios  a  further,  unknown,  constituent  which  in  insoluble  in  water  and  a  »troac 
cardiac  poison.  Po\wr,  Tutln  and  Roperson,  1913,  also  found  a  trace  of  alkaloid.  All 
these,  however,  arc  not  active  when  administered  by  the  stomach,  and  on;  therefore 
not  concerned  in  the  action  of  the  drug. 


PREPARATIONS HOPS 

Humultis    iUumul.),   U.S.P.;    Hops.— The  dried  strobileti  oC  Tlumulua  Lupulta 
Dose,  1  Gm.,  30  g,t.,  U.S.P. 

Lupulin. — Doie,  0.5  Gm.,  8  gr. 


LOCO  DISEASE 

Horses,  cattle  and  slicep  on  tlic  Western  stock  ranches  are  .<iubject  to  this  pectifiai 
disease,  which  bears  isomc  resemblance  to  drug  habits.  The  symptoms  consist  in  motor 
incoordination,  forced  movements,  misjudgmcnt  of  distance,  stupidity,  apparcady 
haliucin^tionR.  In  the  chronic  form  there  is  emaciation.  Death  is  preceded  by  corai 
and  convulsions. 

The  cause  of  these  conditions  ts  obscure.  It  is  generally  attributed  to  feeding  on 
certain  leguminous  plants  ("loco  weeds" — espedally  Astragalus).  C.  D.  Marsh,  1909, 
claims  tu  have  reproduced  the  cundition  (nervous  Rymjitoms,  etc,  with  exudative 
meningitis,  anemia,  etc.)  experimentally  by  very  long-continued  fecdinK  with  these 
plants;  but  11.  T.  Marshall,  1Q14,  considers  the  results  inconclusive,  and  believe*  that 
there  Is  no  distinct  loco  disease;  and  that  the  name  cover*  a  variety  of  conditioiu — mat- 
nutrition,  parasitism,  etc, — unconnected  with  the  loco  weed. 
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COCAIN  GROUP;  LOCAL  ANESTHETICS 

Actions  and  Uses. — The  alkaloid  cocain  is  important  mainly  as  a 
local  anesthetic,  paralyzing  the  sensory  nerve  fibrils  on  direct  application. 
With  dilute  solutions,  its  action  may  be  confined  to  these;  but  higher  con- 
oBtialions  paralyze  alt  other  nerve  fibers,  and,  indeed,  they  kill  all  proto- 
plua,    Dilute  solutions  also  produce  local  vasoconstriction  and  dilate 

> lit  pupil  through  stimulation  of  the  sympathetic  pupillo-dilator  mechan- 
JMB.  both  central  and  peripheral, 
ftlien  cocain  is  absorbed  in  sufficient  quantity,  it  produces  complex 
mtemic  actions,  involving  stimulation  and  paralysis  of  various  parts  of 
litcrntral  ner\*ous  system.  These  are  mainly  of  toxicologic  and  scientific 
intrrest.  Its  continued  use  leads  to  the  formation  of  a  habit,  resembling 
nurphinism. 

Analogous  local  anesthesias  are  produced  by  a  variety  of  synthetic 
tiues,  which  may  be  used  as  substitutes  for  cocain. 

HktorkaL — Cocain  is  derived  from  thr  leaves  of  Erylhroitylon  Coca,  a  tree  indigcn- 
M  to  Pern,  Chili  And  Bolivia.  The  leaver  were  chewed  from  time  imjnemorial  by 
AcBftUvn  to  reJie\-e  hunger  and  fatigue,  and  tu  produce  a  pf^ydiic  stimulation,  sume- 
•bl  liter  ihe  manner  of  caiTcin.     It  is  now  cultivated  Jn  other  tropical  countries. 

U  Europe,  trials  with  the  leaves  gaxx  dLiappointing  results.  The  discoverer*  of 
Ools  (Woehier;  Niemann  and  Lnsscn,  rX6o)  incidentally  described  its  anesthetic 
■boaoa  the  tongue,  but  without  rcali^ng  its  signiticanoe.  As  late  as  iHHo,  a  Britbh 
■eial  cominission  reported  on  the  druj;  a.s  merely  a  poor  .lubittitule  for  calTein 
(Mier  drtaiis,  J.  U.  Lloyd,  1911,  "lilstor>*  of  Vegetable  Drugs,"  and  IQ13,  J.  Air. 
nam.  Auo^.,  3:1143),  In  Ihe  Mtne  >-eur,  Anrep  subjm-ted  cocain  to  a  lliorough 
fikaniicolofpc  tDNTStigation;  and  in  1884,  the  Vienna  oculist  Koller  Introduced  it  as  a 
fOcticAl  local  anesthetic.     Its  importance  wai  then  at  once  recognized. 

Pir^eral  Nerves.— Local  Anesthesia.— Local  contact  with  cocain 
ptralj-ws  all  forms  of  nervous  tissue,  ^\^thout  preceding  stimulation. 
Tbt  iusfcptibility  of  the  various  nerve  fibers  presents  marked  and  char- 
Wmstic  quantitative  differences.  Sensory  fibers  are  especially  eaaly 
'  Vfd;  and  by  using  appropriate  dilutions,  the  paralysis  can  be  confined 
:^t'  to  them.  With  sutlicient  concentration,  the  paralysis  is  as  com- 
mie as  if  the  nerve  fibers  had  been  severed  with  a  knife.  If  the  alkaloid 
»  wuhtd  away,  or  absorbed,  the  nerve  recovers  its  functions  promptly 
•od  completely  (but  very  strong  solutions  may  produce  neuritis  and  per- 
B»acnt  paral>'sis). 

Since  these  effects  arc  strictly  local  it  follows  that  the  cocain  must  be 
•f^ificd  in  such  a  way  that  an  effective  concentration  will  reach  the  nerve 
wpply  of  the  part  which  it  is  desired  to  affect.  This  may  be  accomplished^ 
•ttoriUng  to  circumstances,  by  painting  a  solution  on  mucous  membranes 
(from  which  it  is  very  readily  absorbed);  or  by  injecting  it  into  or  under 
(icikin  (infiltration  and  subcutaneous  anesthesia);  or  around  or  into  the 
■sve  trunk  (peri-  or  intraneural  anesthesia);  or  around  the  spinal  nerve 
foots  (subdural  or  spinal  anesthesia).  The  intact  skin  is  practically 
inprnneable  to  cocain. 

Dundoa  of  Local  Action.— The  onset  and  duration  of  the  anesthesia 
wri«  ftiih  the  concentration  of  the  solution,  and  the  method  of  its  appli- 
odon.  Roughly  speaking,  It  starts  in  a  few  minutes  and  lasts  perhaps 
tm  10  thirty  minutes,  with  a  single  application. 

Local  Anemia. — As  the  cocain  is  absorbed  and  thus  removed  from  the 
mU  oi  application,  in  local  action  ceases  and  its  systemic  and  toxic  effects 
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start.  Since  cocain  is  rapidly  destroyed  in  the  body,  the  systemic  toxicity 
increases  with  the  rapidity  of  absorption.  It  is  therefore  desirable  and 
often  necessary  to  delay  Uie  absorption.  This  may  be  done  by  restricting 
the  local  circulation.  Cocain  itself  tends  to  do  this  by  producing  a  local 
vasoconstriction — an  advantaRe  which  is  not  shared  by  its  substitutes. 
This  vasoconstriction  should  be  reinforced  by  the  addition  of  epincphrin. 
In  suitable  situations,  the  circulation  may  be  slowed  by  bandages,  or 
arrested  by  temporarily  clamping  the  arterial  blood  supply.  The  anemia 
also  favors  anesthesia  directly;  ligation  of  a  large  artery  in  itself  produces 
anesthesia  of  the  nervous  end  structures. 

When  a  large  quantity  of  dilute  cocain  solution  is  injected  under  prc^ 
sure,  as  in  the  infiltration  anesthesia,  the  cocain  action  is  reinforced  by 
anemia,  ]»ressure,  and  edema. 

The  Selective  Action  of  Cocain  on  Motor  and  Sensof;  Fiber. — When  a  J^  to  ?  per 

cent,  solution  of  cocain  is  injected  into  a  mixed  nerve,  or  into  the  subdural  canal,  ihe 
selective  actioD  is  very  marked,,  so  that  there  is  complete  ancstiiesiii,  without  motor 
im}>iiirnienl.  If  tlie  cuntact  is  prolonged,  by  ^lo)>ping  the  tirculnliun,  ur  if  slrungrr 
snluUon!!  arc  employed,  the  motor  ftiten  also  'iccomc  paralyzed,  so  that  the  diflcrentx  i* 
merely  quanlitativc.  A  similnr  diffL-rcncc  in  the  susceptibility  of  motor  ami  scnsorj' 
structures  exists  also  for  the  alcohol  Rroup,  aconitin,  phenol,  and  hjdrocyanir  acid;  and 
even  lor  the  centrally  acting  niircutin.  ether,  clc.  It  is  therefore  .t  charactcrisiK  of 
iier\'(nts  tivsuc  rather  than  of  rotinn. 

Cocain  is  Less  Effective  in  Inftamed  Tissues.— Thb  may  be  explained  by  the  h>iKrc 
mia,  rcsullin^  in  nn^rv  r:i|iid  alisiirjjtion. 

Peripheral  Paralvsis  of  Special  Sense  Nerves. — Cocain  aboUshes  not  only  the  ^nia- 
tion  of  pain,  but  other  spcciid  sensations,  if  it  is  suitably  applied.  Here  al«o  there  is 
some  selection.  In  Ike  shitt,  it  paralyzes  the  sense  of  pain  and  couch,  but  has  little  or  no 
eSccl  on  temperature  sensation.  In  Ihc  noxr,  it  nhnlishes  the  olfactory  sense.  On  I** 
taiigne,  it  destroys  the  taste  for  hitler  substances,  but  has  \ess  eSect  on  sweet  and  sour 
taste,  and  none  on  salty  tnslf. 

Selective  Action  on  Other  Nerves. — When  cocain  h  applied  to  the  appropriate 
nerves,  it  is  found  that  the  centrifugal  va^tis  fibers  are  paralyzed  before  Lbe  centripet&l; 
vasoconstrictor  fibers  before  vasodilator;  bronchial  constrictors  before  the  diUtors,  etc 
(Dixon,  1904). 

Viscera]  Pain. — The  abdominal  vUcera  arc  sensitive  to  pain  in  normal  animals;  but 
the  scnsjitiori  h  abolished  by  cocuin,  even  when  small  doses  (0.7  m.R.  per  kilofiram)  are 
injected  at  a  distance;  for  instance,  into  the  pectoral  muscles  (Kast  and  Mcll^er.  1906- 
1909).  This  s|jecial  anesthesia  lasts  about  half  an  hour.  The  in:iensitivcnrss  of  viscera 
in  surf^icai  operation.^  under  cocain  anesthesia  is  thus  explained.  The  effect  is  probablr 
central,  for  the  animals  arc  greatly  quieted,  although  Kenersl  sensation  is  Dot  impaired. 

Motor  Endings. — I^rgc  dnsies  of  cocain  paralyze  these  in  frogs.  This  curare  action 
would  not  be  seen  in  intact  mammals. 

Smooth  Muscle. ^This  is  Kcncrally  first  slimulatctl,  then  depresAcd,  regardleu  of 
inner\'atton  (constituting  a  fundamental  distinction  from  epincphrin).  Cardiac  muscic 
and  the  salivary  glands  are  not  stimulated  (Ruroda,  1915)- 

■  Site  of  Action. — Cocain  can  paralyze  the  nerve  fibers  anywhere  in  their  course, 
wherever  it  is  brought  into  contact  with  iheiii.  When  it  is  .applied  to  mucous  mem- 
lirani-s  or  hypodermically,  it  doubtless  selects  the  portions  peripheral  to  the  main 
trunks,  the  thinner  sheath  of  the  terminal  fibrils  facilitating  its  penetration.  It  a 
therefore  iinnctes.sary  to  assiinjc  a  selective  action  on  the  histological  sensory  ending 

Penetration. — It  is  quite  possible  that  iu  selective  action  on  different  ner\'C  bben 
may  also  dei>end,  in  part,  on  dillercnccs  in  penetration.  On  this  account,  the  frm 
eooiin  btise  is  more  cffeciive  than  its  salts,  in  equal  concentration,  since  the  base  is  more 
soluble  in  the  lipoids  of  the  nerve  sheath.  Free  cocain.  however,  is  not  sufficiently 
soluble  in  wilier  for  practical  use.  O.  Gros,  i^io,  therefore  advises  an  extemporftneotts 
mixture  of  molecular  quantities  of  novocain  hydrochlorid  and  sodium  bicarbonate. 

Nature  of  Action. — Of  this,  little  is  known,  except  that  it  is  purely  functional.  Xo 
structural  changes  arc  discoverable  in  the  nerve  fibers. 

Synergisms. — The  mixture  of  cocain  with  its  related  bases  (novocain,  etc.),  or  with 
antipyrin  or  nitrites,  gives  simple  summation  of  the  anesthetic  cflcct  (A.  Schmid,  tgijj; 
mixtures  with  pula^sium  salts  give  potentiation  by  75  per  cent.;  potassium  also  poleo- 
tiales  novocain,  but  not  stovain  or  alypin.     Kochmann,  1914,  therefore  advises  to  make 
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liolmions  in  a  medium  of  0.5  jwrr  cent,  polas.  sulphate  and  0.9  per  ccnU  NaCl. 
*  nM  also  iocrcasci  the  aneslh«ic  power  of  cocaln  (H.  Braun)  by  (Wcl  synerKiMTi 
Conversely,  coctiia  Increases  the  epiniphrin  constriction,  even  in  very  i^niaU 
oioentntioni  (Fischel,  rgts).  The  Tropacocain,  however,  deprives  cpinephrio  of  its 
fjKrsi>lk  snil  cun.sLnclor  action  (Kochroann,  1914). 

LmI  Vasoconstrictor  Action. — The  application  of  cocatn  to  mucoiu  membranes, 
jvtiraUrly  the  inflamed  conjunctiva,  produces  distinct  local  vasoconstriction,  with 
HMchini;,  astringent  sen&atiun,  and  actual  contraction  ol  vascular  formations,  such  as 
foljrpL  The  cocain  substitutes  do  not  possess  this  action;  many  of  them  dilate  the 
nam. 
The  analysis  of  the  constrictor  action  of  cocain  has  Riven  contradictory  results. 
I  Sim  tlie  action  t3loc.il.it  must  be  peripheral.  However,  direct  perfusion  of  the  vessels 
ik  other  ineffective  or  produces  dilation,  never  conairiction;  nor  doci  cocain  counteract 
tWdfl&tur  effect  of  nil  riles  (Kuroda,  1915).  The  tonitriction  can  not  be  explained  by 
Motbesia.  since  other  local  annthctics  do  not  constrict. 

OtoenJ  Toxicity  to  Protoplasm. — Cocain  Ls  a  t\-pii.'al.  if  rather  weak,  protop|a5mic 
pifaOQ,  paralyziatt  all  sorts  of  cell.s.  without  producini;  any  grixHs  chemical  chanfEcK.     It 
ttoic  to  the  lower  form^  of  animal  life  (infusoria,  etc.] ;  but  baa  little  cfivct  on  bacteria, 
r  OB  ferments. 

ACTIONS  OF  COCAIN  ON  THE  EYE 

When  cocain  is  applied  to  the  conjunctiva,  it  produces  local  anesthesia 
'(whkb  may  not  extend  to  the  iris);  local  anemia  (which  extends  to  the- 
ire,  but  not  to  the  retina);  and  submaximal  dilation  of  the  pupil  by 
poipheral  sympathetic  stimulation.  The  mydria^s  occurs  also  on  sys- 
temic administration.  The  accommodation  is  impaired,  but  the  light 
nfa  is  preserved;  there  is  some  exophthalmos.  The  intraocular  pressure 
biDu&lly  lowered,  but  may  be  increased.  The  mydriasis  and  its  associated 
pboiomcna  are  not  produced  by  most  of  the  cocain  substitutes. 

/B/ary.^Cloudiness  and  even  ulcers  of  the  cornea  sometimes  follow 
tWapphcation  of  cocain;  they  are  explainable  by  the  drying,  and  the  irri- 
tuion  of  dust  and  other  foreign  matters  which  are  not  perceived  on  account 
fli  the  anesthesia  and  the  abolition  of  the  nHnking  reflex.  The  protoplas- 
iBic  toxicity  may  have  a  part  in  their  production. 

TbeCoetla  Hjrdriasis. — This  differs  in  important  respects  from  the  alropin  mydria- 
*;  villi  atmpin.  the  dilation  Is  greater;  the  lij^ht  reflex  is  lost;  the  intraocular  tension  is 
•**»;«  raised;  cxophihalmos  b  aljscnt.  The  pupil  docs  not  react  readily  to  pilocarpin 
oauocatio,  whiUt  these  constrict  the  rocain  pupil  easily. 

I  That  dillerences  point  to  a  di0crcnt  mode  nf  action.  In  effect,  atropin  paralyzes 
4i ■nikmotor  (con<itriclor)  eit(iini;'<,  ivhiUt  <.o<:ititi  stimulates  the  sympathetic  (dilator) 
Aifanfam;  (or  when  the  b^Tn pathetic  iihers  have  degenerated  (eight  days  after  estir- 
Ipfi*  wf  the  superior  cervical  ^an^ltan)  ordinary  doses  of  cocain  cease  to  be  effective 
iwaiwirg,  iSqi;  Schulti,  i8qij).  OiUiUon  may  still  occur,  however,  with  large  doses 
"Uilrr  fprcial  conditions.  Simple  (postKanglionic)  division  of  the  sympathetic  docs 
■4  iaaruiatcly  abolii^h  the  cocain  reaction;  the  stimulation  must  therefore  Invi^ve 
^«£i«s;  but  since  the  dilation  is  not  as  strong,  it  would  seem  that,  ordinarily,  the 
fifAi-<]i1ator  center  h  al»o  concerned  (Schuliz,  1848), 

Ccder  ordinary  condilionii,  the  cocain  pupil  continues  to  respond  to  oculomotor 
**nitnion.  thowinjF  that  tlie  constrictor  mechamsm  is  not  paralyzed.  Prolonged 
yfcitifto  of  a  5  per  cent,  solution,  hunever,  also  piirul j'zl-s  the  DiuJumolor  endltl>g$, 
.■hUi'etTS  cocain  produces  no  dilatation,  whereas  in  ftogs  it  is  very  marked. 

WgfaL — This  begins  in  tlvc  or  ten  minutes.    The  maximum  is  reached  in 
Hnlcft  and  last£  ten  to  fifteen  minutes;  the  normal  It  restored  in  one  and  one- 
'^uier  lo  two  hours.    The  .-iccommodalion  is  merely  disturbed  by  a  drop  of  6  per  cent. 
LfWoo;  high  concentrations  paralyze  it  completely.     The  niydriaMS  develops  Mtmewhat 
tilowly^uulU  more  lasting  (llorovitz,  iqii).     C.Wood,  1893,  advises  the  addition  of 
b  tobtMOstropin.  to  paral>7.e  accommodation. 
hHirrtTllir  Pressure. — This  ni.iy  be  unchanged,  or  raL<^d  or  lowered  (Tourricre, 
TV  reduction  is  probably  due  to  tbc  local  vasoconstriction,  which  would 
1 10  ksica  the  l>-mph  flow  into  the  chamtiers.     This  is  pnrlly  counteracted  by  the 
fhkh  leads  Co  obstruction  of  the  lymph  cbannelii  by  the  relaxed  dliaiy 
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muscles  (sec  "Alropin").     This  obstruction  may  predominate,  uid  the  prcMure  nay 
thus  be  increased,  especially  in  fEl^ucoma  (Myashita,  1013). 

Eucain  and  alypin  act  similarly.  Halocain  is  said  lo  have  provoked  acute  glaucoou 
{Gjesaing.  1915).  Tropacocain  and  ucoin  are  prolmbSy  inactive  (Bollct  and  dirtily 
ipii). 

Retinal  Vessels. — Th<:sc  ore  slrougty  conslriL-ted  (Hinchfeldtrr.  1915).     Tliiiauytie^ 
responsible  for  the  occasional  occurrence  of  optic  atrophy  (Honuck,  1919). 


SYSTEMIC  ACTIONS 


MotmyuB      I 


'lliese  are  rather  variable  and  complex,  depending  largely  upon  the 
dose.  Whilst  all  structures  are  first  stimulated  and  then  paralyzed,  the 
susceptibility  to  the  poison  is  not  uniform.  Indeed,  some  portions  of  the 
nervous  system  show  only  stimulation,  death  occurring  before  the  paralysis 
of  these  structures  is  reached. 

StimulAtiOQ  of  Higher  Functions. — The  first  effect  is  a  well-marked 
stimulation  of  the  higher  parts  of  the  brain  (caffein  action).  This  is 
shown  in  animals  by  increased  fn<n-ement  (sometimes  "circus  movements"). 
In  man  there  is  some  psychic  stimtUaiion  and  wakefulness.  A  greater 
endurance  against  Jaligtte  and  hunger  is  also  noticed. 

How  far  ihib  may  be  tiuc  to  u  sUmulatioa  after  the  manner  of  cafTeia,  or  to  a  narcoss* 
after  the  manner  of  morphin,  is  impossible  to  state.  It  Is  not  at  all  unlikely  that  both 
play  a  part.  In  regard  to  the  scnsaliun  of  hunger,  it  is  also  probable  that  local  anes- 
thetization of  the  stomach  aids  in  the  effect. 

The  resistance  to  fatigue  oltx  be  demonstrated  with  the  ergograph. 

Another  evidence  of  Hie  ■stimulating  action  of  cocain  is  furnished  by  the  tact  that 
animals  to  which  it  has  been  administered  are  more  diliicult  to  put  and  to  keep  under 
chloroform  or  other  anc-^thctic.  Mo$so,  1887,  and  .MHEa,  1913,  find  that  to  to  40  mg. 
of  cocain,  h>'podcrmira!ly.  wakens  dogs  or  rabt>i(s  from  deep  chloral  steep.  The  stimu- 
latioD  is  greatest  with  escit.able  individuals,  and  may  seriously  interfere  with  operations. 

Incoordination,  Narcosis,  Convulsions. — This  stage  of  stimulation 
may  he  very  short  or  even  absent.  With  somewhat  larger  doses  it  may  be 
succeeded  by  depression,  first  of  the  coordinating  Junctions,  The  move- 
ments lose  their  purposive  type  and  become  choreic.  There  is  then  a 
gencTal  narcosis  after  the  manner  of  morphin. 

This  19  followed  by  convulsions.  If  the  paralysis  is  rapid,  the  convul- 
sive stage  may  not  appear. 

The  Seat  of  the  Convulsions. — This  has  not  been  exactly  determined.  They,  like 
the  other  effects,  ace  probably  descending,  and  the  different  convulsive  centers  may  be 
affected  in  succession.  In  some  Bloges  at  least  they  seem  to  reside  exclusively  in  the 
hind  brain.  In  dogs,  they  appear  to  be  cun&ncd  to  tbe  cerebral  cortex,  for  Feinbcrg 
and  niumenthal,  iJifi;,  claim  tiiat  they  dn  not  occur  after  ablation,  nor  in  rKw-bom 
animals,  in  which  the  cortiai!  motor  centers  are  not  yet  excitable.  Rabbits  deprived 
of  the  hemispheres  do  not  show  the  clonic  convulsions  or  reapiratory  effects;  but  thw 
do  exhibit  tonic  con\-ulaions  and  "running  movements."  Their  re^taaca  to  toxic 
doses  is  increased  (Morita,  1915). 

Central  Phenomena  in  Frogs. — These  show  at  first  symptoms  of  stimulation  by 
increase  of  the  volunt.-try  movements  and  exaK|t[eration  of  the  refiexes,  sometimes  leading 
to  convulsions.     TJiis  is  followed  by  paralyais  of  the  whole  central  neivous  system. 

Spinal  Cord. — Tit  froKs  from  which  the  brain  hsu-  been  removed,  cooiin  causes  at 
first  an  increase  of  the  reflexes,  then  convulsions,  and  finally  totil  ni«-.ilysis.  In  intact 
animals  this  effect  is  obscured  by  the  action  on  the  higher  centers  of  the  ncr^'OUS  system. 

The  results  of  applying  cocain  directly  to  the  cord  will  be  considered  later. 

Respiration. — This  is  at  first  accelerated.  During  the  spasms  it  is 
irregular.  The  volume  then  diminishes.  It  may  assume  the  Cheyne- 
Stokes  type.  Respiratory  paralysis  is  the  usual  cause  of  death.  This  is 
also  the  first  center  to  fail  when  the  cocain  is  applied  locally  lo  the  fourth 
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mtride.  Excised  bronchial  muscle  is  somewhat  dilated  (TTendelenburg, 
191 )). 

Emtsis. — ^The  vomiting  which  frequently  occurs  in  cocain  poisoning 
J!  perhaps  doe  to  the  medullary  stimulation,  but  its  mechanism  has  not 
ban  fully  investigated. 

Circtilation. — The  effects  of  cocain  on  the  general  circulation  are 
partly  central,  partly  peripheral.  They  vary  according  to  the  dose,  as 
siown  diagrammatically  in  Fig,  g.  They  are  also  influenced  by  indi- 
vklual  susceptibility. 

The  typical  effects  are  as  follows: 

IVv  small  doses  diminish  the  pulse  rate,  by  stimulation  of  the  vagus 
catu  [Vulpian,  1884).    There  is  a  quick  rise  of  biood  pressure  from  stimu- 
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**•  ft^-Mtir«ni  af  At  Attio'iu  of  Cocain  on  R*spi'afion  and  Cirtitlation.    (A  rJM  of  tfa*  cam 

ti)cnifiai  ma  iacr«at«  of  itiiuulatmu;  o  Tall,  the  rev«ne.) 

'uion  of  the  vasomotor  center;  this  is  followed  by  a  temporary  fall  due  to 

wikwing. 

^Uoderoie  doses  quicken  the  pulse,  mainly  by  central  and  peripheral 

•ptttrion  of  the  vagus  (v,  Anrep,  1880)  with  some  stimulation  of  the 

■«fc»tor  center  (Mosso,  1887).     The  pressure  rises  (v.  Anrep)  fromstimu- 

*I»naf  the  vasomotor  center  (Berthold,  i885)»aided  by  the  faster  heart 

'Wt   The  vasomotor  factor  is  predominant,  for  the  rise  is  practically 

**ni  if  the  cord  is  cut. 

Urge  dckses  cause  a  great  fall  of  pressure  and  slow  and  weak  pulse  (v, 

^•Wp),  from  the  depression  of  the  medullar^'  centers  (collapse)  and  of  the 

^flnc  muscle. 


aa  Heart  Rate. — This  demands  some  furthpr  diflcus^on:  The  devnng  from 
^ddoK*  does  not  ocxur  if  ths.  vagi  have  been  cut,  so  th&t  it  is  of  central  origin.  Tbe 
^Ubmic  Irom  modenitc  doses  b  also  less  marked  if  the  vagi  have  been  divided,  so 
'*Kft  bnrabably  due  in  port  to  a  dcprcsution  of  the  vagus  center.  The  vagu»  ganglia 
**^  dcpnaBca,  for  ck-cLrical  sUmulutioa  of  tlic  vagus  Inink  Is  only  partly  successful 
IT.  Aarrp,  iSSo).  In  the  frog  ihi'^  f;nnKUa  can  be  paralyxed  completely  by  tbe  local 
"VfAcktHn  of  cocain,  but  in  liie  intact  maramal  tbe  paralysis  is  not  complete.  Sotoe 
9Ktiaim  occurs,  however,  even  when  ibc  vagi  have  been  divided,  but  none  is  !<«en 
'^  aCtcJerators  have  aUo  been  cuL  The  final  jlau'itig  is  due  to  a  direct  paralalia  ol 
'•■oacfe.  (or  it  is  Dtcorapanicd  by  weakening  of  the  contraction,  and  it  occurs  after 
^^nfi»t  and  in  tiie  excised  heart. 
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Tfae  Excised  (Langendorfi)  MaminaUaa  Heart. — This,  hnn  been  inve^tiKatr-d  by 
iredbom,  iS<;();  Kocbmann  md  Oads,  190S;  and  l'ru»,  1Q13.  1.owconcentraUQn»  i>low 
and  slrcDgthcn  ihe  coatraclions;  higher  concentrations  cause  stowing  and  wrakcnins; 
fatal  conct-nLratiims  Rive  diaitolic  arrest  Kuroda,  1915,  observed  no  stimulation  in 
excised  hearts  of  mammals  or  frogs 

The  excised  frog's  heart  is  titimulated  by  small  concentrations  (Mosso,  iSqo),  and 
depressed  by  high  concentrations.  The  terrapin's  heart  is  similarly  afiected  (U.  C. 
Bcycf.  i^Ss). 

The  efFects  on  hlood  pressure  have  been  described  mainly  by  Ott,  1874;  v.  .\nrep, 
1880;  Vulpian;  Musso,  jSyo,  and  Reichert,  1891.  The  comparalivc  eflects  of  cocua 
and  novutain  Imve  been  investif^ted  on  does  by  Kamenzovc,  1911. 

SpUmchnic  Circulation ;  Influence  oa  "Shock." — ^The  inUiivcnous  injection  of  cocain 
has  a  very  proaounced  ciTcct  on  llic  splaifkuic  circuialion.  The  intestines  appear 
unusuAlly  pule.  Handling  of  the  \'i.«cera  and  other  measures  of  "shock"  which  cause  a 
splanchnic  dilution  and  coa^xiuent  fait  of  blood  pressure  in  normal  animals,  have  ten 
or  no  elTecl  after  cticain.  Burnini;;  and  filimulation  of  the  sciatic,  which  c-«u«e  a  rine  of 
pressure  normally,  arc  also  inefleclivc  (Crilc,  ipoi).  FYrf,  1906,  on  Ihe  other  hand, 
claims  Ihal  local  anestbr^iit  (by  coiratn,  its  subfttitutes.  or  freexitit;)  dues  not  abolish  the 
dcprc«ant  reflexes  (decrease  of  muscular  work,  of  sharpne!«  of  vLsion,  etc.);  these  occur 
from  procedum-s  which  would  urdliiarily  be  painful,  even  when  the  sensation  of  pain  is 
eliminated. 

Cerebral  Circulatioa. — This  is  increased  by  cocain,  and  sUll  more  by  novocaia 
(Frank  flirt  her  and  Jlirschfeld,  tgio).  The  vessels  of  the  retina  and  pia  mater  arc 
constricted  (Hi rschf elder,  1915). 

The  urine  flow  h  generally  diminished,  but  sometimes  increased,  depending  maioly 
on  the  vasomotor  effect. 

Temperature. — Cocain  causes  a  rise  of  temperature,  due  cssentially 
to  increased  heat  production,  and  this  largely  from  muscular  excitement 
(see  chapter  on  '*Heat  Regulation"). 

Effect  on  Metabolism. — In  rnJ'hits,  large  doses  of  cocain  CAuse  rapid  loss  of  weighL 
The  quantity  of  urine,  its  specific  Rravity,  and  jmrticularly  the  urea,  are  diminished, 
whilst  the  incompletely  oxidized  (extractive)  nitrogen  is  increased.  During  recovery, 
the  quantity  of  urine  relurns  promptly  lo  normal  or  above;  the  disturbances  of  the 
nttrqzen  metabolism  persi.st  for  some  time  (Maestro,  190^). 

Tlie  effects  ol  rtpeaUd  injection  on  dogs  have  been  investigated  by  Underbill  and  Black, 
1913;  Doses  of  10  mK.  (per  kilogram)  produce  no  change  In  fat  or  nitrogen  xnetAbolism; 
1$  mg.  gave  a  slight  impuirment  of  fut  utilization,  and  considerable  decrease  of  body 
ivcight;  iQ  mg.  markedly  decreased  the  nitrogen  and  fat  utilization.  The  nitrogen 
balance  may  become  negative.  Lactic  acid  excretion  was  markedly  increased  in  mll- 
fwl  dogs,  but  nut  in  starvullon — the  increase  being  probably  due  lo  the  muscular  activ- 
ity.    The  iimmonia  output  bore  little  relation  to  the  lactic  acid. 

Blood-sugar. — This  is  not  changed  (cats,  15  to  35  mg.  per  kilogram),  excsept  as  a 
result  of  excitement  (Schaer,  1915). 

Fate  of  Cocain. — This  is  partly  destroyed  in  the  organism,  but  mainly 
excreted  unrhanged  in  the  urine  (contrary  to  the  results  of  Wiechowski, 
1901). 

Rifatwachdini,  191.1.  recovered  43  to  S5  per  cent,  from  the  urine  of  rabbits  after 
acute  poisoning,  and  all  in  chronic  potsontng.  None  was  present  as  ecgonin;  but  if 
ecgonin  itself  was  injected,  25  P«r  ccnL  was  recovered  from  the  urine.  Cocain  Wt 
for  sevend  hours  in  a  ligatured  Cmb  was  not  dcslruyed. 

Destructioa  of  Cocain  in  Vitro ;  Sterilization. — ^Long-continued  boiling 
decomposes  cocain  into  bciizoyl-ecgouin  and  methyl  alcohol.  It  was 
therefore  believed  that  solutions  could  not  be  sterilized  by  boiling.  In 
fact,  however,  the  decomposition  on  boiling  half  an  hotir,  is  iasignilicant 
(Merck,  igoy;  Holbrook,  1912);  and  even  longer  boiling  only  decreases  the 
activity,  for  the  decomposition  products  are  merely  inactive  and  not  toxic. 

Benzoyl  Ecgonin.~Thi!>  was  found  by  Stockman,  i$S6,  to  resemble  caficia  in  its 
central  and  muscular  action.     It  had  no  ellecl  on  sensory  nerves  or  the  pupil. 
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ACUTE  COCAIH  POISOWIKG;  ETIOLOGT 

This  15  of  special  importance,  5iince  cocain  poisoning  is  not  a  very 
uncommon  occurrence  in  the  therapeutic  emplov-ment  of  the  drug.  Verj* 
lirgc  amount.^  are  sometimes  used  in  a  most  careless  manner  for  local 
ueuhesia,  and  since  the  absorption  is  fairly  rapid,  serious  and  even  fatal 
remits  may  ioUow.  The  susceptibility  varies  enormously,  due  partJy  to 
ihc  anccrtainty  of  the  absor{)tion;  partly  to  the  rapidity  of  destruction; 
ud  partly  to  the  var)'ing  intensity  of  the  effects.  In  some  cases  2  drops 
of&4  per  cent,  solution  («■  0.005  S™-)  '"  ^^  conjunctival  sac  caused 
■rioBS  collapse,  whilst  vcrj-  much  larger  doses  produced  no  effect  in  other 
cms.  The  ordinary /o/di  dose  is  considered  by  Runkel  to  be  about  i.i 
gn.  (18  gr.);  but  death  has  been  reported  from  as  little  ?&  o.oS  gm.  {,\\^ 
p.).   The  toxicity  is  greatly  lessened  by  the  addition  of  epinephrin. 

Symptoms  wiOi  Slow  Absorption. — The  symptoms  vary  according  to 
tie  rapidity  of  absorption.'  If  this  occurs  relatively  slowly,  there  is 
confusion,  laughter,  vertigo,  motor  excitement;  quickened  pulse  and  pal- 
pitation; irregular  respiration;  pallor,  chill,  with  sweat  and  rise  of  internal 
lemperature;  dilated  pupils  and  exophthalmos;  nausea,  vomiting  and 
tbdominal  pain ;  great  aruicty ;  disturbance  of  cutaneous  sensation  (worms 
nndet  skin,  etc.) ,  finally  delirium,  dyspnea  and  Chcv'nc-Slokcs  respiration, 
raiiTuIsions,  unconsciouant-ss;  and  death  by  collapse  and  asphyxia. 
Rtcovcry  may  be  followed  by  more  lasting  psychic  depression  and 
sidaacholia. 

With  rapid  absorption  of  large  doses  (especially  from  mucous  mem- 
Iwaes)  se\-ere  symptoms  may  develop  without  warning:  fainting,  extreme 
pdor,  brief  convulsions,  and  death,  sometimes  in  a  few  minutes. 

Treatment. — If  the  drug  has  been  ta.ken  by  mouth,  one  should 
Praoptly  Vesort  to  evacuation  and  chemic  antidotes.  If  the  symp- 
•«tts  have  developed,  the  head  should  be  lowered,  and  the  collapse 
initedby  sinapism  to  chest  and  abdomen;  and  by  cafTein,  or  aromatic 
UUBonia.  The  convulsions  should  be  allayed  with  chloroform,  chloral, 
Udmificial  respiration.     Amyl  Nitrite  has  been  recommended. 


CHRONIC  COCAIPf  POISONING 

TTiis  bears  considerable  resemblance  to  the  morphin  habit.  It  is 
wfonunatcly  on  the  increase,  especially  amongst  negroes,  prostitutes,  and 
'« criminal  classes  {see  under  "Morphin  Habit"). 

Thf  immediate  effects  consist  in  a  sense  of  elation  and  increased  mental 
**1  physical  viRor.  The  excitement  may  rise  to  delusions  and  mania. 
iW  itimukuit  crtccts  are  succeeded  by  deprcssiottf  tremors,  with  pale  face, 
**!  sunken  and  unsteady  eyes  (Owens,  igia). 

The  chronic  effects  arc  similar  to  those  of  the  morphin  habit,  with 
acft  sc\crc  psychic  disturbance — insomnia,  hallucinations,  apathy, 
JdtnchoHa,  suicidal  mania.  (For  Cocain  Psychoses,  see  Vallon  and 
«aiere,  1914.)  The  pupils  arc  inconstant.  A  very  considerable  /o/«r- 
•**  is  acquired,  so  that  the  daily  hypodermic  consumption  often  reaches 
'jGfn,,  sometimes  even  10  Gm.  (Grode,  1912).  Animals  do  not  become 
■wenini  (Grode,  1913).  Chouppe,  1889,  claims  that  morphinists  arc 
jrebtivdy  tolerant  to  cocain.  Sudden  -withdrawal  leads  to  absiinence 
yj^iploms  very  similar  to  those  of  morphin. 

'  PoUvr  dMcriptioD  in  Scifert,  Nebanwirk.,  ipijt  P-  5i* 
IT 
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With  cocain  snuffing,  where  smaller  amounts  are  used  in  intermittent 
debauches,  the  chronic  effects,  the  craving  and  the  abstinence  symptoms 
are  proportionately  less  marked.  Such  patients  show  a  characteristic 
ulceration  of  the  nasal  fossa;  (Owens;  also  present  in  heroin  snuffing. 
Phillips). 

The  treatment  of  cocam  habit  coincides  exactly  with  that  of  the 
morphin  habit  (which  see) ;  it  is  said  to  be  more  difficult  to  cure. 

USE  OP  COCAIN  AS  A  LOCAL  ANESTHETIC  IN  MINOR  OPERATIOHS 

The  direct  application  of  cocain  abolishes  the  sensation  of  pain  more 
or  less  completely  in  about  five  minutes,  the  anesthesia  lasting  for  about 
half  an  hour;  the  duration  increases  with  the  concentration.  Solutions 
of  2  to  5  per  cent.,  or  the  trace  of  the  powder  on  the  point  of  a  probe,  are 
applied  to  the  surface  of  mucous  membranes,  or  injected  under  the  skin. 
Stronger  solutions  are  dangerous  and  offer  no  advantage.  Application 
to  the  surface  of  the  skin  ts  useless,  since  the  drug  is  not  absorbed  by  this 
channel.  Mucous  surfaces,  on  the  other  hand,  absorb  it  readily.  It  b 
desirable  to  limit  the  local  circulation,  e.g.,  by  a  constricting  rubber  band. 
The  vasoconstrictor  action  of  the  cocain  may  be  heightened  by  tie  addi- 
tion of  epint:phrin  (i  :  loooo  to  i :  looooo). 

In  eye,  nose,  and  hrynx  operations  the  abolition  of  reflexes  and  the 
diminution  of  hemorrhage  are  very  useful  side  actions. 

In  connection  with  its  action  on  the  eye,  it  must  be  remembered  that  it  doe*  not 
ordiniiriiy  anesthetize  the  iris  when  applied  to  the  cumea.  However,  the  iri^  may  also 
be  anesthetized  by  applying;  one  ur  two  drops  of  a  lo  per  cenL  lolutioD  tu  the  cornea 
every  two  or  three  minutes,  for  ten  minutes;  keeping  the  conjunctiva  moist  by  frequent 
winking,  to  prevent  epithelial  sloughing  (tliilord). 

CATARRH,  HAY  FEVER  AND  ASTHMA 

Cocfun  U  also  useful  in  the  treatment  of  diseaaeft  which  appe,-ir  to  be  due  to  heightened 
irritability  of  liie  peripheral  cuduies,  such  as  hay  fever  and  asttuaa.  In  these  the  cocoioi- 
taiion  o(  the  misal  mutoui  membrane  is  often  specific.  The  astringent  action  renden 
it  effective  in  acute  coryza. 

One  per  cent,  cocain  oinlment  ha.s  been  recommended  In  herpes  sosUr;  it  is  said  not 
only  to  relieve  the  pain,  but  to  put  a  tttop  to  the  disease. 

Cocain  is  atscii  useful  locally  in  kcmorrhindi,  producing  contractiaa  atkd  diminiah- 
ing  pain.  It  ha«  been  t&ken  by  the  stomach  to  prevent  vomitint  aod  dyspeptic 
pain. 

The  danger  of  the  fi'rmaiioH  of  the  habit  interferes  with  its  use  in  all  these  conditions; 
indeed  many  cases  of  cocain  habit  were  started  by  proprietary  catarrh  "cure*." 

USE  OF  COCAm  m  larger  OPERATIOlfS 


This  demands  the' most  economical  utilization  of  the  alkaloid,  to  avoid 
systemic  poisoning,  by  securinR  the  raaximum  effect  from  the  smallest 
dose. 

The  infiltration  method  (Schleich,  1892)  involves  the  injection  of 
very  dilute  solutions  (Koo  to  I5  per  cent.)  under  considerable  pressure, 
directly  into  the  place  where  the  next  incision  is  to  be  made.  It  is  espe- 
cially useful  for  ane.sthetizing  the  skin  for  extensive  incisions.  It  is  rather 
too  painful  for  inflamed  tissues. 
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Tlic  object  is  to  produce  a  local  edema,  which  support*  (he  aciion  of  th*  cocain  by 

luuiing  local  anemia  and  by  comptes<ting  the  nerve  fuaments.     The  injeclions  can  be 

[l&lde  wilh  an  anlitoxin  syringe  v,-iih  a  long  needle,  by  means  of  which  the  mJuIjod  is 

'fini  injecled  inlo  (.not  underj  the  epidermis,  so  as  to  raise  a  blister.     The  needle  being 

Wtfai  place  and  gradually  pushed  dee(ier,  the  entire  field  of  operation  is  saturated  with 

thciolution,  30  to  500  cc.  bein^  u«ed.     Tlie  usual  solution  (Sol.  U}  coDiains  Ha  P" 

OBt.  of  cocaio  and  S^P^r  cent,  of  sodium  dilorid.     In  inflamed  tissue,  the  cocain  may  be 

dooUed  (Sol.  D;  or  if  the  tieM  is  extensive,  it  may  he  reduced  to  Koo  P^r  Cent.  (Sol. 

in).    Bevan,  1915,  flpeaki«  highly  of  novocain  Infiltration.     He  emplov's  up  to  100  or 

.'«occ.  of  u  MjlutioQ  with  0.25  to  0.5  per  cent,  of  n»>vocaiQ,  to  whicli  )^to  i  cc.  of  epi- 

■phtin.  i:  1000,  has  been  addcil. 

!■  tne  farantural  nuthod  the  solution,  of  a  streoglh  of  ^  to  3  per  ccnl.^  b  Injected 
in  liie  neighborhood  of  the  nerve  trunk.    The  results  arc  uncertain. 

Istraseural  Method  (Nerve  Blocking). — In  this,  a  }^  to  3  per  cent. 
soluLkm  b  injected  directly  into  the  nerve  trunk. 

If  the  injection  is  made  quickly  and  directly  into  the  ner\-e  tLsaue,  the  procedure  u 
qprite  painful.  A  few  drops  should  first  be  injected  under  the  ncr\-c  sheath.  When  these 
■itcauaed  a  local  ancthe^ia,  the  needle  <;hould  be  pushed  dee(>er  un«l  more  of  the  solu- 
tWbfectcd.  until  the  anciithesia  is  complete.  In  this  way  the  pain  is  relatively  alight. 
AitttliesiB  requires  fifteen  to  twenty  minutes,  and  b  not  always  completely  successful. 

The  combination  of  all  the  above  methods  is  perhaps  most  useful.- 
The  skin  and  superficial  muscles  are  ane.sthclizcd  by  infiltration.  The 
(iwper  structures  are  exposed,  and  the  smaller  nerves  are  treated  by  the 
pnoeural,  the  larger  bv  the  intraneural  methods.  In  this  way,  surpris- 
|P^y  small  quantities  of  cocain  i^uflice  (8  mg.  Idt  amputation  of  shoulder 
jam  I). 

UbeDce  on  Shock. — Thccofflf/Wc  blocking  of  nerve  impulAcs  obtained  in  this  way 
tmiito  prevent  surgical  shock.  Nu  method  of  local  anesthesia  can,  however,  preveot 
^Bqrchic  shock  and  pain,  the  nervous  dread  of  ihr  palient,  the  removal  of  which  is  one 
t'tLemost  valuable  tcatures  of  general  anesthesia:  but  it  may  at  least  be  lessened  by 
■■phfai  'a.oi  J  Gm.  hj-podcnnicairy)  half  iin  hour  before  the  n|>eratior.  It  may  at  limes 
kjiiU&ible  to  operate  witbout  the  knowledge  of  the  patient,  which  is  quite  feasible 
■yiit  use  of  cocain  (Crile). 

Spioal  Anesthesia. — The  subdural  injection  of  cocain,  or  other  local 
letics,  anesthetizes  the  sensory  nerve  roots  at  their  emergence  from 
..^qunal  cord.  This  aluilishes  sensation  in  their  entire  peripheral  dis- 
wbniion  for  about  one  and  one-half  hours  (one-half  to  two  hours),  wilh- 
••Wloas  of  consciousness  or  motor  functions.  The  method  was  demon- 
Jjited  by  Corning  of  New  York  in  1885,  and  introduced  into  practice 
WBitr,  iSq9,  but  it  was  temporarily  abandoned,  and  did  not  come  into 
™pK  until  about  1904.  The  injection  is  performed  by  lumbar  pimcture, 
■iUidrawing  a  little  ccrebro-spinal  fluid,  and  introducing  M  lo  ^  ^•^-  ^^ 
'percent,  cocain  solution;  or  more  commonly,  corresponding  quantities 
'^itsnibstitutes:  Tropocain,  5  per  cent.,  novocain  (not  above  0.15  Gm.); 
Jwiio  (not  above  o.i  Gm.;  beginning  with  one-half  or  iwo-lhirds  of  these 
''**5).    Epinephrin  and  strychnin  may  be  added. 

The  anesthesia  extends  to  the  level  of  the  nerve  roots  reached  by  the 
^J^,  the  aim  being  to  confine  it  to  the  lower  half  of  the  body.  If  it 
™Bi'^  extend  to  the  fourth  reolriclc,  It  will  result  in  paralysis  of  the  res- 
P^lion.  Alarming  symptoms  and  fatalities  from  this  cause  are  not  in- 
"f^Wnt  (Seifert,  Nebonwirk.,  1915,  p.  105),  and  the  method  is  more 
■^fcrous  even  than  chloroform.  The  fatality  is  probably  over  1:500 
Ifittan).  It  has  also  been  fatal  to  the  fetus  in  utero  {}Mng,  1914).  Minor 
itriilcnts  are  not  uncommon.  Cord  injuries  are  sometimes  produced; 
«v»t  headache  may  last  for  days  or  weeks.     Further,  the  technic  is 
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difficult,  disagrccablt:  to  the  palicnl,  and  the  aiieslhcsta  is  oflen  unsuccess- 
ful. Spinal  anesthesia  should  therefore  not  be  employed  (Hohmcicr  and 
Kocnig,  1910),  unless  inhalation  anesthesia  is  directly  con  train  Hicated 
(Anesthesia  Commission,  Journ.  Aracr.  Med.  Assoc,  1908).  It  is  rspe- 
citUiy  useful  in  pulmonar)'  disease,  arteriosclerosis,  bladder  and  rectal 
cases,  impending  uremia,  and  diabetics;  emergencies  after  a  full  meal. 
It  is  not  justifiable  to  use  it  for  operations  above  the  costal  margin  (F.  L. 
Richardson,  1913).  Bevan,  1915,  can  sec  no  justification  for  spinal  ane^ 
Lhcsia  under  any  conditions, 

Pkrnomrna  oj  Spinal  AnrsilifJiia, — These' occur  in  the  Following  order:  Loss  of  knee- 
jerk;  of  plantar  and  cremasteric  rellex;  o^cecdin;;  aaiilgcsia;  later,  oscendJDg  lou  of  motor 
power.  Tlic  upper  limit  is  usually  qiiilc  abrupt.  Subjectively,  there  ts  an  ascending 
feclinfT  of  waj-mth,  SMrllinR  and  heaviness.  Occasional  toxic  creels  are  pallor,  nausea, 
vomiting,  swiraling,  feeble  puUc,  relaxation  uf  sphincters,  dyspnea.  The  tno&t  frequent 
nfttr-fffefts  are  headache  and  insomnia. 

/•'ail  0/  Biood  I'resiure. — This  is  a  ven*  common  phenomenon  of  spinal  nncsLhesia. 
Snilh  and  Porter,  1915,  found  that  it  ls  due  to  p;u^JyM!t  of  the  splanchnic  tilirrs  in  the 
cord,  not  in  the  medulla.  Kpinephrin  with  tropacocain  or  novocain  caused  even  a 
greater  falL  Measures  to  rcsturc  the  pressure  were  only  temporarily  successful,  A» 
the  cfTects  of  the  anesthetic  began  to  wear  oil,  sciatic  atimulatlon  produced  a  fall,  in- 
'Slead  of  the  normal  rise. 

To  prcvfttt  ihf  spreading  of  Uie  snUUion  IC.  Krhardt,  1908  and  i<ii2,  has  propu«««l  to 
increase  its  ^i&cidity  by  gum  arabic.  Bulk  of  solution  (dilution)  favors  s^prcading 
(Smith  and  Purler,  lyis). 

The  combined  aciion  of  siovnin  and  strychnin  on  the  cor<l  has  been  investigated  by 
Aron  and  Ruthman,  igog;  ailW  Simon,  1915.  The  two  drugs  are  not  antagonistic,  and 
strjchnin  docs  not  render  stovain  any  safer. 

Intravenous  Injection  of  Cocain.- — The  action  of  cocoin  is  sufficiently  selective  so  that 
«  m-irked,  Ihottgh  incomplete  general  analgesia,  without  disturbance  of  consdousneui 
or  motor  functions,  can  be  produced  by  intravcrtou!)  (Kitter,  1909;  Harrison,  1911)  or 
iatra-arierial  (Kanaohotf.  1909)  injection.  Uuwever,  these  methods  ore  both  tmsatis- 
factory  and  dangeroui  (Bevan,  1915). 


USE  OF  COCAIW  AS  A  CEREBRAL  STIMULANT 

Cocain  has  been  employed  to  combat  futlguc.  and  as  a  generul  tonic.  It  has  ao  td- 
vantages  and  many  dis.-tdvanlafi«  aA  compared  with  other  atimulanls,  cspecIaDy  ca6ein 
and  su>-chnin.  The  danger  of  habit  formation  i^liould  sulVicc  to  condemn  it.  That  the 
harm  has  not  lieen  Ktcuter  may  be  attributed  to  the  unreliability  of  the  coca  preparatioas 
which  arc  generally  employed. 


COCADT  SUBSTITUTES 


ilute^" 


A  larfie  number  of  substances  have  been  inlroducod  as  substitut 
for  cocain.  Some  of  these  (Novocain,  Stovain,  Kucain)  may  have  a  slight 
advantage  by  combining  an  equal  anesthetic  activity  with  somewhat 
lower  toxicity  and  much  greater  stability;  but  practically  these  advan- 
tages are  not  very  serious  and  scarcely  justify  the  introduction  of  these 
numerous  products.  Moreover,  Stovain  and  Kucain  produce  far  more 
irritation  than  cocain,  and  stovain  may  permanently  mjure  the  ner\'cs. 
Orlhoform  or  .-Vneslhcsin,  on  account  of  their  limited  solubility,  are  only 
slightly  toxic  and  produce  a  slow  and  prolonged  anesthesia  when  applied 
in  substance  to  superticial  or  gastric  ulcers,  etc. 

The  substitutes  have  in  gcner-il  trhc  same  incompalibilitica  as  cocain.     Th^y 
it  more  or  less  in  their  chenu'c  structure. 

Stnictiire  of*  Cocain. — Ccr^caln  is  ^^  mclhyVbcnzoyl  ester  of  tcfjSmm^ 
a  base  closely  related  to  tru-mr^in  the  coTrcipunding  base  of  alropin,  both 
being  pyrrolidin  derivatives.  ' 
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The  rdaiiaa  h  ibowa  by  the  structural  formulas: 
H,C CH— 


^OOH 


;ii — cHi 

Trupin 


/     X).COC»H, 


Eri[",*n'!i 


-CHi 

Coc«bi 


X^liioa  of  Structure  to  Actions.— lufonin  ils^U  produces  only  the  least  imrmrtaat 
"WBtftn'  of  cix^ain,  vij!..  ihr  hcjMitic  dcKcncmlion.     The  other  actions  arc  only 
Ppnln'  the  cntran<:c  of  bttlh  radicals.     The  methyl  may  be  replaced  by  Any  other 
[fidScftI,  without  chaniong  ihc  actions  of  cocain.     The  benzoyl  radical,  however, 
be  replaced  by  other  itromaiic  aciils  (fioisibly  with  a  few  exceptions)  nor  by 
'idds  without  great  impnirmcDt  of  the  local  ancslhciic  action.     Indeed,  the  pres- 
Wdf  the  beoaoyi  group  gives  the  anesthetic  proi>crtics  to  otht-r  alkaloids  and  may  be 
'"  "  ffid  as  the  hook  by  which  the  molecule  atuchw  itself  to  the  protoplasm  of  the 
'CeD.     It  !•.  pn-^enl  in  most  of  the  cocain  substitutes.     The  required  conditions 
:  development  of  a  local  anesthetic  action  seem  iherefore  to  be:  a  base  with  a 
ualogous  to  ccgonin,  containing  a  benzoyl  and  an  alkyl  radicle  in  certain 

and  Disadvantages  of  Cocain. — The  valnabie  ffalurfi  of  (otain  consiat 
;.  prompt  and  comparatively  lerluin  action;  ilU  the  bc^t  studied  and  the  most 
II  ftrmiucl  of  its  cla^;  the  vasoconstriclion  lessens  hentorrhasc  ibut  may  I>e  objec- 
f"*blcia  snaring  polypi):  the  dilation  of  the  pupil  may  be  a  convenience  in  ophthalmic 
aptnttofti;  it  is  practically  free  from  local  irritation;  it  acts  ihrouRh  intact  mucous 
■ntnuci.  Some  of  these  features,  viz.,  vasoconstrictor  and  mydriatic  actions  may 
■*fi*ni  lo  the  ftuhstitutes  by  the  addition  of  cpincpbrin  or  ntropin. 

m  Diaadrantaces  of  Cocain. — The<.e  consist  in  the  instability  of  its  solutions;  in 
wwcanonal  collapse;  and  in  the  habit  formation. 

fl»  Relative  Advantages  of  the  Substitulea.— Thcic  h.ivc  l»een  the  subject  of  much 
•'•■ion — which  indicates  thai  they  arc  not  \"er>'  Atriluni;:.  The  comparative  exper- 
■■otiofLe  Brocq,  190Q,  and  of  Drey  fuss,  i<>io,  favor  novocain;  but  it  is  only  one-third 
aorou.  Sto\'ain,  holocatn  and  aJj-pin  cause  some  local  injury.  Quinin  is  weaker  than 
*>ia.  but  much  morf  bsling.  Kxtensi%'e  compilations  of  the  une^^lhelir  elTiciency  and 
''■ioiy  (if  the  cocain  «ub!«titutes  are  given  fiy  Ctos-son,  1Q14.  and  especially  by  Koch- 
*"».  igi4-  TTic  latter  found  the  "value  factor"  anesthetic  power  -i-  toxicity  grent- 
^bri  Combinatiuo  of  novocain  and  potas.  sulphate. 


PREPARATIONS — COCAIN 


I. — The  dried  leaves  of  Eo'ihroxylum  Coca  and  E.  Irusillense,  shrubs 
Peru  and  Bolivia,  and  cultivated  in  tropical  countries.     Ceylon    coca 
nainly  cocain;  Java  coca  contains  only  oilier  ccogonio  derivatives  (JuQg> 


Cxotaj,  U.S.P.,  BJ*.,  CifHii  NO  ..—Colorless  prisms  or  crystallioe  powder,  of 
JVlly  bitter  la»tc  followed  by  anesthesia.  .Slightly  sol.  in  water  (1:600);  freely  soU 
?'K-  (1:6.5),  chloruf.,  cth.;  soL  in  oils  (i:  12  olive  oil).    Used  especially  in  ointmcDts. 

CuaiH.  HydrxU.,  U.S.r.;  ll.P.,  CiTlIjiXO*nCl.— Colorless,  transparent  prisms; 

S;  lustrous  leaflets,  or  white,  crj-stalline  powder,  \'i:ry  sol.  in  water  (1:0.4); 
iL  in  ale  (i:,i.i);  sol.  in  glyc;  practically  insol.  in  oiU.  Tncom/ratitfle  with 
sodiiun  borate  (not  boric  acid),  ^vcr  nitrate  and  calomel.  Solutions  decom- 
P*  Ml  kerpioE  (•  'S  Jt^'  crol.  solution  in  Dilute  Alcohol  i*  said  lo  be  permanent; 
I'vnsteiner,  1900).    Contrary  to  older  Btatcments,  they  are  not  raatcrially  decom- 
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po&cd  by  boiling.     Dose,  i$  mg.,  34  C-.  U.S.P.;  6  to  i6  mg.,  Ji©  **>  Mgr-»  B.P.     M^ud- 
mum  dose,  50  mg.,  J4  gr. 


Jnjttt.  Cocaiiu  HyP- — 5  per  cent.     Dose,  0.3  to  0.6  cc,  5  to  to  minints,  B.P. 

Lam.  Cochin.,  B.P. — 13  mg.,  >5o  gr. 

U»^.  Cocain..  B.IV — 4  per  cent. 

Troch.  Kramer,  el  Coasin.,  B.P. — 60  mg.  of  knunerio;  3  mg.  of  cocain. 


PKEPARATIONS COCAIN    SUBSTITUTES 


4 


Betaetuaina  HydracldorUum  (Eucain.  Hydrochl.),  U.S.P.  (trimcthyl-beaxory- 
piperidin).  CwHuNOi-HCl.^Whitc,  cr>*staUinc  powder;  odorless.  Sol.  in  water  ( i :  30 
and  aic.  (i:j5).  Dosage,  locuUy,  one  to  two  times  that  of  cocain.  Th«  anesthetic 
effect  is  perhaps  slightly  slower  and  weaker,  nnd  the  iirilalion  considerably  greater, 
than  with  the  same  concentration  of  cocain.  The  pupils  arc  not  dilated;  the  tissues  arc 
Tendered  hypcrcmic.  The  toxitity  is  fuur-lt-nllis  tliat  of  cocain.  Toxic  doses  cauw 
convul-iions,  centr.il  va;^<i  stimulation,  and  direct  cardiac  depression,  with  fall  of  blood 
pressure  (bcifcrt,  NebcnvFirk.,  1915,  p.  64;  case  and  bibliography.  Orr,  1916). 

Benjamin.  1,mI.,  H.P.  (Bet-i-eucain  Lactate),  CiiXjiNOiCiH^Oi.— Freely  soL 
in  water  (1:5)  and  ale.  (i:8).     Dose,  8  to  30  mg..  W  to  ^  gr.,  B.P. 

.  Orlfuifarm — ,Ytw,  N.N.R.  (amiiio-oxybenzoatc  ofmclhyl). — White  ta»tetes4  poirder, 
scarcely  soluble  in  water  (the  hydrochlorid  is  soluble).  Not  absorbed  from  akin  or 
mucosa:.  It  is  said  lo  have  rc|>catedly  caused  local  inflammatory  reaction  (Srifert, 
Kebennnrk.,  1015,  p.  70;  McCleavc,  1914).  Dose,  0.5  to  i  Gm.,  S  to  15  gr.;  locally  as 
dusting  powder  or  uinmenl. 

Anexlhexin,  N'.N.R.  (ethyl-aminobcnzoate)  is  very  similar  (side  actiona,  SeUert, 
Nebenwirlc..  1915,  p.  44)- 

•A'owruiK,  N.X.R.  (aminobftnzoyl-diethj-l-amino-ethanol  hydrochlorid). — Color- 
less needles,  sol.  in  equal  weight  of  water,  or  30  parts  alcohol.  The  nttraie  is  compatible 
with  silver  sAlts.  Awujjc,  locally,  one  lu  three  tirara  that  of  cocain.  Anesthetic  and 
irritant  action  perhaps  lightly  les^.     No  eUcct  on  pupil. 

Novocain  is  probably  ^afer  than  cocain.  Occasionally,  however,  toxic  effects  occur 
even  mth  small  dose*  (aoi  to  0.13  <im.);  while  in  other  cases  up  to  3  Gm.  have  been 
used  safely.  There  Is  no  dcfmitc  ratio  between  the  toxicity  of  novocain  and  cocain, 
since  this  depend?,  enormously  on  the  rate  with  which  they  enter  the  circulation;  c^^»cci- 
ally  in  the  ca.'sc  of  novocain.  Thia  is  due  to  the  great  rapidity  with  which  novocain 
leaves  the  circiialion,  being  fixed  and  proliably  destroyed  in  the  liver,  Eninephrin 
diminishes  the  toxicity,  even  by  intravenous  injection,  probably  by  cardiac  stimulation 
(Hatcher  and  KgRlesloii.  1916). 

The  details  of  the  clinical  toxic  effects  are  described  by  Selfert,  Kebenwirk.,  1915, 
p,  78;  lumbar,  p.  107.  Renal  irritation  is  not  imcomniuD  after  local  use  of  5  to  10  per 
cent;  but  disappears  in  a  few  days  (Morian,  1915). 

Slovoin,  N  .N.R.  (bcnzoyl-ethyldimcthyl-aminopropanol  hydrochlorid). — Colorless 
scaler,  extremely  soluble  in  water,  or  in  5  parts  alcohol.  Dnsage,  locally,  as  lor 
cocain.  tVnesthettc  action  i^liKhtly  stronger,  irritant  action  (hyperemia)  much  greater, 
toxicity  two-thirds  that  of  cocain.     No  effect  on  pupi!. 

It  has  been  used  especially  (or  spinal  anesthesia,  in  combination  with  strychnin 
(T.  Jonnescu,  1909).  The  immediate  danger  may  be  somewhat  less  than  with  cocain, 
although  it  is  not  negligible.  The  local  injury  is  much  greater.  Spillcr  and  Leopold, 
J910,  and  Consoli,  1913,  have  observed  degenerations  in  Ine  nerve  roots  and  cells,  after 
subdural  injection  of  stovain.  The  immediate  guiralysls  is  moic  extensivx  thao  with 
cocain,  involving  muscular  movements  [Santes&on,  1906)  and  spinal  reflexes  (Adler, 
1906).  On  the  circulation,  it  causes  in  dags,  quickened  pulse  and  fall  of  blood  pressure 
(Kamenzove,  1911).  The  kidneys  are  also  rather  irritated,  especially  If  albuinintiria 
was  previously  present  (Schwartz,  1907;  Chiaie,  1913).  The  liver  is  itot  aftectcd 
(side  actions,  Seifertj  Nebenwirk.,  1Q15,  p.  gi;  lumbar,  p.  109).  A  comparative  study 
of  the  local  anesthetic  actions  of  stovain  and  its  homologuca  has  been  made  by  Symes 
and  Veley,  191 1. 

Alypin,  N.N.R.,  which  resembles  stovain  in  structure,  is  used  especially  in  the 
urethra.  It  is  more  irritant  than  cocain.  Several  cases  of  sudden  Collapse  and 
asph>-xia,  after  its  injection,  have  been  reported  (Ritlcr,  1912;  Lichtenstein,  1914; 
lumbar,  Seifert,  Nebenwirk.,  1915,  n.  104). 

Trofiacoeain  UydrochlwU,  N.N-R..  (bcnw>yl-i>seudo-tropciD);  occurs  in  Javanese 
coca,  but  the  commercial  U  synthetic.  Colorless  needles,  readily  soluble  in  water. 
Dosage.,  locAlIy,  one  or  two  times  thai  of  cocain.  Anesthetic  action  about  the  •^cne; 
irritation  greater;  toxicity  one-half  that  of  coaun;  less  mydriatic;  more  sublc  (side 
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■ctioos,  Seifert,  Nebcnwirk.,  1Q15,  p.  97;  lumbar,  p.  ii»).     It  b  used  especially  fur 

ipinil  uothesia  (Stanley.  1016). 

HeiM/tin.  K.M.K  ,  (pheuirtiilyl-atctphcnetidin  hydrodilorid). — Colorless  crystals, 
idiilik  in  50  parts  wattr.  Dos^nr,  for  eye,  1  per  cent.  Anesthetic  action  about  m 
Itmag u cocam,  but  more  rapid  (aQL-sChesin  in  half  a  minute);  more  toxic,  but  stated 
nt  toiajoK  or  anesthetize  cornea.  No  effect  on  vessels  has  been  reported  (Gjes^ng, 
His). 

lofeifflbin,  CmUmNjO,  na.— An  alkaloid  isolated  by  Spiegel,  i8ij<S,  irom  the 
Wt  of  Yfjliirabebc  tree  (Apocynacew;  West  Africa),  l-'ourncau  and  Page,  1914,  con- 
iidcr  it  identical  wilb  quebrachin.  Local  anesthetic,  about  same:  strvugtb  but  more 
btii|  than  cocain.  Less  toxic,  but  much  more  irritant.  AlydriasJs,  without  loss  of 
MoiUBodttioa.  Ve&seb  dilated.  Intestines  excised  or  in  siiu,  and  bladder  stimu- 
kld bv  smaU,  depressed  by  large,  doses  (A.  I.ocwy  and  Rosenberg,  1914).  Solutions 
nmsuble. 

Wbcn  it  is  given  by  tlie  mouth  or  hypodcrmically  in  moderate  doses,  it  produces  a 
potnl  tcsodiiation  in  the  skin,  mucous  membranes,  and  parcicularly  in  the  sexual  organs. 
uoouequcoce  of  the  latter,  and  perhaps  by  a  direct  action  of  the  spinal  centers,  it  pro- 
dmerK-ttoa.  It  does  nut  seem  to  stimulate  the  prvduclion  uf  (Spermatozoa  or  sexual 
dtsre.  The  effect  is  not  produced  by  therapeutic  doses  in  man  (1;  mg.  or  1^3  nt.), 
illkaiid]  it  bs5  been  promoted  as  an  nphrodi^iuc.  The  reports  of  clinical  improve- 
■al  liter  several  wcelcs  are  probably  explainable;  by  suf^ji^estion.  S'ohimbin  has  also 
km  proposed  for  lowering  abnormally  hij;h  bloixJ  pressure:  but  Lawrence,  1912,  found 
iW  tt  day  produce  a  further  rise,  with  dangerous  symptoms. 

larger  doses  produce  ps.vchic  excitement,  cerebral  congestion,  vertigo,  gastric  dis* 
terhiKe;  and  in  rabbits,  marked  injury  of  the  rrnut  epithelium  (Huebner,  igia). 
Toxic  doses  produce  general  stimulation  and  subsequent  pa.ral>-Bis  of  the  nervous  cen- 
«n,  pirticularly  in  the  medulla;  and  complex  effects  on  the  cardiac  muscle  (K.  Mueller, 
'W.J.Tait.  1910).  The  coronary  vessel*  are  not  afTected  (Rabe,  1912);  or  they  are 
&itd(K.  Meyer,  191 2).  Death  occurs  by  respiratory  paralysis  (for  literature,  see 
Sinbdl,  1906}. 


DWJGS  ACTING  PERIPHERALLY  ON   THE  AUTONOMIC -SYM- 
PATHETIC SYSTEM 

A  viriety  of  poisons  act  peripherally  upon  the  several  portions  of  the 

inlarj'  or  "vegetative"  nervous  system,  in  a  more  or  less  specltic 

It  appears  advisable  to  premise  their  inilividual  consideration 

by  a  tnore  general  exposition,  so  as  to  obtain  an  intelligent  grasp  upon  their 

Tarious  relations,  and  an  insight  into  what  Is  known  of  thetr  action. 

Much  Ught  has  been  thrown  upon  these  in  recent  years,  and  our  concep- 

^■tioQshave  been  largely  revolutionized. 

^H     Amomlc  and  Physiologic  Relations. — The  "autonomic"  system  (in  the  wider  sense 

^^h  vUch  tlw  term  was  introduced  by  Langley)  has  certain  physiologic  and  anatomic 

j^^cufivitks.    PkyxiologUaHy,  it  includes  all  the  functions  which  are  subject  to  involua- 

''    tary  nenous  contrul — the  smooth  and  rardinc  muscles  and  the  glands.     Their  relation 

to  tW  central  nervous  s)'9lem  is  peculiar,  in  that  they  are  capable  of  functionating  auto- 

— Ilinlly.  and  by  local  ncuro-muscular  refiexes,  when  all  connections  with  the  cerebro- 

^piaal  Alls  are  severed  (h«nce  "Autonoooic")-     On  the  other  hand,  their  functions  are 

■nc— By  ululated,  augmented  or  inhibited,  by  central  tonic  impulses  of  varying 

TbecUef<natomiVpeculiarityof  these  autonomic  nerves  is,  that  they  all  pass  through 
a  r^y  ganglionic  cell,  situated  outside  of  the  central  nervous  axis.  These  cells  are 
partly  scaltered  but  mostly  collected  into  the  "sj-mpalhclic  ganKli"-"  A  given  nerve 
nber  has  but  a  single  relay  cell,  although  it  may  pass  through  a  number  of  ganglia. 

THE  PARASYMPATHETIC  AND  SYMPATHETIC  SYSTEMS 

Phyiiologically,  and  especLilly  phatmaco logically,  as  also  in  its  embryologic  develop- 
mcBt.  ^e  aalcNxiauc  system  as  a  whole  has  two  fairly  sharply  defined  divisions,  which 
coTaifwnd,  anatomically,  on  the  one  hand,  to  the  nerves  haWng  their  origin  in  the  roots 
qI  Ibc  nidbraio,  medulla  oblongata,  and  sacral  cord  (the  cranio-sacrat  or  paraiympa- 
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tliflic  system,  also  nrien  called  the  autonomic  system  in  the  restricted  sense) ;  and  nn  the 
other  blind,  those  an.«ing  from  the  dorsal  and  down  to  the  fourth  or  fifth  lumbar  ttcn'e 
rcxJt*  (Uie  sympalhdk  system).  'Xh^  rt-luy  clUs  uf  the  syni(Mitheli«:  system  a»e  situated 
in  the  svTTipalluMJt:  jij.iiifilion-chain  (incluclinj;  the  trcrvkal  Jind  splanchnic  ganglia); 
thoac  of  the  cranio-sacral  system  arc  scattered  more  peripherally,  near  their  end  organs. 

Distribution  and  Function. — The  two  divisions  are  antugont»(tc,  a  given  orfian 
u&uiilly  receiWng  its  innervation  from  both  divisions,  one  being  augnientctf',  the  other 
inhibilorj'. 

The  pnriuympiithctic  division,  for  instance,  supplies  the  vagus  (card io- inhibitory, 
intestinal  and  bronchial  uugmcnlor),  oculomotor  (pupillo-constrictorj ,  chorda  lymiuni, 
etc. 

The  sympQlheUc  division  supplies  the  vasoconstrictors,  pupiUo-dilator,  intntinal 
Inlubitor>',  cardiac  accelerator,  etc. 

The  innerviitkm  of  the  sweat  ghmds  occupies  a  peculiar  position^  anatomically,  it 
IB  purely  Bympathctic,  but  it  reacts  pharmacologically  as  if  it  were  purely  parajym- 
pathctii..  The  iitrrus  is  also  exceptional;  its  syrapatheiic  innervation  responding  (u 
txith  clasAcs  of  pi>i<;ons.  It  munt  be  remembered,  however,  that  the  anatomic  evidence 
of  the  origin  of  the  autonomic  nerves  ia  in  some  respects  incondtisive. 


08^^ 


Pharmacologic  Reactions:  Xkotin. — Pharmacologically,  ihc  m 
prominent  characteristic  of  the  whole  autonomic  system  is  its  reaction 
to  iticotin:  this  alkaloid  paralyzes  all  the  ganglionic  synapses  of  both  the 
parasympalhelic  and  the  sympathetic  nerves  (often  after  a  fleeting  pri- 
mary  stimulation).  This  paralysis  is  so  specific,  that  it  has  proved  of  great 
value  for  locating  the  site  of  (hcse  synapses,  especially  in  the  hands  of 
Langley.  Nicotin,  whether  it  is  applied  locally  or  aystcmically,  abolishes 
the  response  to  stimulation  of  ihe  preganglionic  fibers,  whereas  the  post*, 
ganglionic  fibers  respond  normally. 

Deprivation  oj  calcium  increases  the  excitability  to  the  augmcntor 
impulses  of  both  divisions  (see  "  Calcltim  Ions  *') ;  most  of  the  other  drugs 
which  affect  the  autonomic  system  restrict  their  action  exclusively  to  one 
or  the  other  of  the  two  divisions:  Epinephrin,  ergoloxin  and  cocaiit  act 
exclusively  on  the  sympathetic  divisions;  airoptn^  pilocarpin,  muscarin, 
cftoiin,  and  physoslismin  act  exclusively  on  the  parasympathetic  division. 
Still  others  act  only  on  certain  parts  of  one  or  of  both  divisions. 

Anisotouic  Solutions. — Hypertonic  solutions  (Ringer's)  inhibit  the  tone  of  smooth 
muscle,  inLTease  tlit-  response  to  inhibitory  drugs,  and  lessen  liie  rcs[>onae  to  !tt)inu-> 
tacUi.     Hypotonic  solutions  have  the  opposite  effect  (Dale,  1913). 


PHARMACOLOGY  OF  THE  SYMPATHETIC  DIVISION 


icriph^^ 


Epinephrin,  the  alkaloid  of  the  suprarenal  gland,  produces  a  pure  periph- 
eral stimulation,  restricted  exclusively  to  the  sympathetic  system,  but 
involving  the  entire  distribution  of  this  system  (with  the  exception  of 
the  sweat  glands).  In  other  words,  the  cfTects  of  t}7>ical  doses  of  epine- 
phrin on  a  given  organ  correspond  precisely  to  the  stimulation  of  its 
sympathetic  nerve  supply  (Lcvandowsky,  1809;  Langley,  iqoi;  Elliott, 
1905)-  This  has  been  apUy  described  by  the  term  "sympathomimetic 
Qcti4}n"  (Barger  and  Dalc^  1910).  The  action  of  cplncphriii  is  there- 
fore augmenlory  or  inhibitory,  according  to  whether  the  sympathetic 
impulses  are  augmentory   or  inhibitory,  as  follows: 

The  Principal  Sympathetic  Reactions  {e.g.,  the  Effects  of  Epi- 
nephrin).— The  aupnentory  reactions  consist  in  constriction  of  most  of  the 
arteries  and  consequent  rise  of  blood  pressure;  stimulation  of  the  cardiac 
accelerator;  dilation  of  the  pupil;  contraction  of  the  plain  muscle  of  the 
orbit;  flow  of  sympathetic  saliva  and  of  tears,  not  readily  abolished  by 
atropin;  erection  of  hair,  etc. 
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iKhibitory  Reactions  concern  the  tone  and  rhythm  of  ihc  conlractions 
of  the  stomach,  intestine,  biliary  and  urinary  bladder  (cat),  and  of  the 
*rir:gin  uterus  of  the  cat. 

kPecttlUrities  of  Species. — Certab  of  the  s>inpathetic  rcftctions  var>'  with  the  specie* 
aumAls,  Uritig  au);Cmen(ory  in  some,  and  inhibitory  in  others  (urinary  bladder,  anal 
hiartif).     The  sympiitheiic  reaction  01  the  uterus  varies  according  to  Its  ithy>.i<i!(tRical 
Lte;  in  the  cat,  the  v'trRiQ  uterus  is  intiiUlcd,  whilst  tlic  pregnant  uterus  is  stimulated. 
All  these  peculiarities  .ire  reproducc<l  exactly  in  the  reaction  to  cpincphrin,  thus 
hunohing  the  mo^t  striking  illustrations  of  tt5  sympalhomtmclic  action. 

Other  I>fugs  with  Sympathomimetic  Action. — Simibr  uctiuns  nre  [XMse^scd  by  a 
\iirgr  rumbcr  of  primary  and  secondary  .imins,  the  iiniplesi  being  the  primary  lally 
itnicu,  amylamin.  etc).  There  .ire  quantitative  differences  between  Lhc«c.  The  rcla- 
live  rffcct  00  the  ditTcrent  sympathetic  distributions  docs  not  go  parallel;  nor  is  there  any 
pikrallcli«ni  between  auKmentor)-  or  inhibitory  inncrvalionfi.  The  inten.<<ity  and  speci- 
tacity  iacrcase  as  the  amins  approach  the  structure  of  cpincphrin  (Bargcr  and  Ualc, 
1910). 

Cocain  increases  the  peripheral  excitability  of  the  sympathetic  system 
>ut  being  directly  "Stimulant. 

Peripheral  Sympathetic  Paralysis :  Ergotoxin. — ^The  active  alkaloid  of 
oigoi  (in  large  doses)  destroys  the  response  of  the  augmentor}' sympathetic 
UDpulses,  but  does  not  aflfect  the  inhibitory  sv*mpathetic  impulses  (Dale, 
1906).  It  therefore  prevents, /.i.,  the  vasoconstrictor  action  of  epineph- 
nn,  but  does  not  abolish  the  inhibitory  action  of  cptnephrin  on  the  inics- 
line  or  uterus. 

"pharmacology  op  the  parasympathetic  cranio-sacral  and 
restricted  autonomic  division 

The  action  of  drugs  on  this  system  is  confined  mainly  to  its  augmen- 
iwy  functions  (with  the  important  exception  of  the  vagus).  These,  in 
icii  entire  peripheral  distribution,  are  paralyzed  by  atropin;  and  stimu- 
hM  by  pilocarpln,  muAcarin,  cholin  and  anaphylotoxin.  Physosiigmin 
koj^icos  Uieir  irritability,  perhaps  mtbout  being  directly  stimidant. 
(TSoc  statements  must  be  restricted  to  t>'pical  doses.) 

Atropin  is  therefore  antagonistic  to  all  the  other  drugs  named.  If  a 
*cn)-aanial  function  is  exposed  simultaneously  to  the  depressant  action 
•'Mropin  and  to  the  stimulant  action  of  one  of  the  other  drugs  named, 
^tnd  result  depends  on  the  nature  and  quantity  of  the  drug,  and  upon 
"fW  conditions.  Physostigmin,  for  instance,  js  a  more  powerful  antago- 
**t  of  atropin  ihap  is  pilocarpin;  however,  larger  doses  of  the  stimulants 
•o^I  to  become  depressant,  so  that  the  atropin  action  tends  to  appear 
Ptifcminant. 

The  centers  of  the  panwympathetic  system  are  stimulated  by  picro- 
'tttin. 

Principal  Results  of  Parasympathetic  Stimulation  (rilocarpin,  etc). — ■ 
^ejc  coDsLit  in:  slowing  of  the  heart;  constriction  of  the  pupil;  bronchial 
'PM'a;  contraction  of  intestine  and  uterus;  increase  of  practically  all 
*ilnlly  inner\'ated  secretions  (sweat,  saliva,  mucus,  gastric,  pancreatic, 
*'t:iiot  urine,  bile,  milk,  nor  the  internal  secretions).  These  are  the  main 
''ttts  of  pilocarpin,  muscarin  and  physostigtnin. 

CnnioBtcral  depresdon  (atropin)  produces   precisely    the  opposite 

DRUGS  WITH  PARTIAL  ATrTONOMIC  REACTIONS 

The  preceding  presentation  is  somewhat  schematic,  and  includes  only 
the  typical  effects,  as  they  are  currently  conceived.     When  the  doses  and 
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Other  conditions  are  varied,  many  of  these  drugs  depart  more  or  less  from 
the  schema,  as  will  be  discussed  later.  This  indicates  that  the  physio- 
logical divisions,  which  are  the  basis  of  the  pharmacologic  divisions,  are  not 
as  absolute  as  the  schema  would  imply.  In  accordance  with  this,  there  arc 
a  number  of  drugs  (for  instance,  apocodein  and  pituitary  extract;  the 
latter,  however,  is  probably  a  mixture),  which  do  not  fit  anywhere  in  the 
schema,  but  whose  actions  involve  isolated  functions  of  one  or  bo 
divisions. 


LOCATION  OF   ACTIOS 


1 


The  precise  site  of  action  of  the  autonomic  drugs  Is  not  yi 
satisfactorily  decided.  It  is  currently  assumed  that  they  act  on  the  * 
"myoneural  junction,"  or  upon  a  "receptive  substance"  (Langley.  1005), 
which  is  believed  to  be  interpolated  between  the  anatomical  ner\*e-end- 
iiigs  and  the  reactive  substance  of  the  ccU  (the  contractile  elements  of  the 
muscle,  or  the  secretory  elements  of  the  gland  cells).  It  would  perhaps 
be  equally  or  more  exact  to  say  that  they  act  upon  that  property  of  the 
cells  which  excites  or  initiates  their  peculiar  functions. 

The  essential  evidence  for  this  view  is  the  fact  ihat  these  poisons  pre- 
serve their  action  after  severance  and  anatomic  degeneration  of  the  post- 
ganglionic nerve  tibers,  showing  that  their  action  is  peripheral  to  the  ner- 
vous structure.  On  the  other  hand,  the  specificity  of  the  reactions,  and 
their  correspondence  with  the  physiologic  innervation,  indicates  that  the 
action  is  not  directly  on  the  contractile  or  secretory  substance.  If  epi- 
nephrin,  for  instance,  acted  directly  upon  the  contractile  elements  of  smooth 
muscle,  it  would  be  difficult  to  understand  why  it  should  throw  them  into 
contraction  in  some  situations,  relax  them  in  others,  or  in  others  again, 
leave  them  entirely  unaffected.  Anatomically,  these  muscles  are  all  alike; 
their  physiologic  properties  are  also  identical,  they  respond  alike  to  mus- 
cular poisons,  such  as  barium;  the  only  difference  between  them  lies  in 
their  innervation.  This  difference  of  inner\''ation  is  reproduced  exactly  by 
epinephrin;  and  since  the  degeneration-experiments  show  that  the  poison 
does  not  act  upon  the  nervous  elements  themselves,  it  follows  that  both 
the  nervous  impulse  and  epinephrin  must  act  upon  the  same  substance  o^_ 
property  of  the  muscle.  ^H 

It  15  idle  [o  speculate  upoo  the  nature  01  ihb  receptive  substance,  or  recqitlve  prop* 
erty,  until  wc  knnw  stimcwhat  more  *»f  the  real  nature  of  the  Dcr>-ous  impulse,  at  •■timu- 
UUon,  iuid  of  cxciuhility.  The  term  "rnyo<ncural  Junction"  has  the  ftdvanUgc  that 
it  does  not  commit  one  to  any  unprovcn  hyEMJthesk. 

Anatomic  Localization  of  Depressant  Effects. — The  anatomic  methods 
of  localization  are  quite  simple,  since  the  problem  concerns  a  purely  effer- 
ent path.  The  nerve  would  be  stimulated  in  various  sites  in  its  course; 
the  paralysis  would  be  located  just  central  to  the  highest  point  which 
gave  a  positive  response. 

For  instance,  after  nicotin,  stimulation  of  the  preganglionic  fibers  of 
the  vagus  (say  in  the  neck),  does  not  slow  the  heart;  stimulation  of  the 
postganglionic  fibers  (in  the  sinus)  causes  slowing.  Nicotin  has  therefore 
paralyzed  the  ganglia. 

After  atropin,  stimulation  of  the  sinus  is  also  ineffective;  the  paralysis 
must  therefore  be  peripheral;  the  heart-muscle  is  evidently  not  paralyzed, 
since  it  is  beating  vigorously.  The  paralysis  must  therefore  be  just  ceji- 
tral  to  the  muscle,  i.e.,  in  the  endings  or  myo-neural  junction.     It  must  be 
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rcRiembcred,  however,  ihat  this  does  not  exclude  the  pos^bility  of  an 
addilional  more  wntrally  located  ijaraly-sis;  for  instance,  so  far  as  this 
evidence  gocs»  atropin  might  have  paralyzed  the  vagus  ganglia  in  adtlition 
lolhc  **myo-neural"  junction.  Further,  the  precaution  must  be  taken 
W  employ  a  sufficient  dose  of  the  poison,  for  a  slight  paralysis  may  often 
be  overcome  by  a  powerful  stimulation. 

Aiutomic  LocaUzatioa  of  Stimulant  Effects. — ^This  would  also  be  very 
simpit,  involving  the  divisiun  of  the  nerve  (or  its  ccjuivalent,  the  applica- 
'11  uf  the  drug  to  excised  organs  or  structures).  For  instance,  pilocar- 
,  1.  and  muscarin  contract  the  pupil  of  the  excised  eye,  and  physostig- 
lain  incrtases  its  excitability  to  stimulalion  of  the  postganglionic  oculo- 
ootor.  Their  action  is  therefore  postganglionic.  It  is  again  possible  that 
ibedrug  may  stimulate  an  additional,  more  centrally  located  structure. 

Tn  distinguish  between  anatomic  endings,  myo-ncnral  junction,  and 
vitiiie  substatue.  the  nerve  is  allowed  to  degenerate,  as  just  described. 

Ftlccarptn,  /.i.,  reraums  elTective  after  the  anatomic  endings  are  degenerated,  and 
•Wn  therefore  electric  stimulation  of  the  nerve  is  incflcclivc.  However,  if  a  stUI 
fc«pf  lime  elapses  after  the  diviiion  of  ihe  nerve,  pitiKiirpin  aUo  becomes  ineffective. 
It  11  IhcTtforc  geceniUy  iissumed  that  the  m>'o-neural  junction  al»o  degenerates,  but 
nnedowly  than  the  aiiatumic  endings.  However,  it  h  also  coiict'ivalilt'  that  ptlo- 
{U|iBMrt£on  the  anatamic  ncrve-cndin^s,  and  that  llic  dcgeneradnj;  cDciinrts  ccmaia 
wUble  to  pilooupin  longer  than  they  do  to  electric  stimulutioa.  This  proof  of  myo- 
Mtai  tcttOQ  is  therefore  not  conclusive. 

_  Hm  evidence  from  degcncrattoD  mav  also  mislead  if  the  drug,  instead  of  stitnuUtJn^, 
naatbe  excitability  of  the  reacting  cell.  In  this  case,  the  drug  would  produce  no  visi- 
k)c (fleet  after  defeneration  of  the  endings,  for  this  would  exclude  extraneous  stimulation, 
ladlhr  inrreasrde'ciilability  would  therefore  not  be  apparent.     This  increased  cxcita- 

r        Uky  of  the  niyo-ncural  junction  is  supposed  to  be  the  action  of  pbysosUgmin  on  the 

I         ocwimoiar  mechanism. 

L       Localization  by  Antagonistic  Action. — The  anatomical  localization^  al- 

H  Ihoofh  simple  in  theory,  is  often  technically  difficult,  and  it  is  beset  with 

^  the  limitatioDS  which  have  just  been  pointed  out.     It  has  therefore  been 

ittempted  to  supplement  and  extend  it  by  pharmacologic  evidence,  based 

00  antagonistic  actions.    The  matter  was  at  first  conceived  as  very 

simple,  namely  as  strictly   analogous  to  anatomic  localization;  a  drug 

paral}*sls  being  considered  as  equivalent  to  anatomic  division  or  excision; 

and  a  drug  stimulation  as  the  etiuivalcnt  of  electric  stimulation.    The 

irction  of  a  few  drugs  having  been  localized  (with  more  or  less  probability) 

by  anatomic  means,  it  was  thought  that  the  actions  of  others  could  be 

localized   by  simply  "matching"    them    against    these   standards.     In 

locaUxing  action  by  antagonism,  a  stimulant  poison  was  pairt^  with  a 

depressant  poison  of  known  action,/.!.,  atropin.     If  stimulation  resulted 

(as  with  physostigmin)  it  was  concluded  that  the  action  must  be  peripheral 

LP  that  of  tlic  atropin;  if  there  was  no  stimulation  {as  with  pilocarpin), 

it  was  assumed  that  it  must  be  central  to  that  of  atropin. 

Unfortunately,  there  has  been  a  good  deal  of  cumulative  evidence 
(well  summarized  by  Magnus,  1908)  that  matters  are  not  so  simple,  and 
that  localization  by  antagonism  has  limitations  so  seriotis  that  it  can  be 
utiHxed  only  in  relatively  few  cases.  The  difficulty  is  that  the  phar- 
BWCologic  stimulation  and  paralysis  arc  not  strictly  equivalent  to  the  ana- 
toniv'.  In  pharmacologic  antagonism,  the  ti^uc  is  still  in  the  l>ody  and 
Tl|y^***^  to  both  poisons;  and  the  resultant  effect  israrely,if  ever,  thesimple 
algebraic  sum  of  their  separate  actions.  One  drug  may  modify  the  effects 
<d  another  qualitatively,  as  well  as  quantitatively.    Moreover,  a  drug 
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paralysis  is  not  an  irreversible  process,  as  is  anatomic  division  or  exci»on. 
The  numerous  taalances  of  mutual  antagonism  prove  that  a  function 
which  has  been  completely  abolished  (paralyzed)  by  one  drug  may  he 
revived  by  another.  For  instance  atropin  can  abolish  the  physostignun 
miosis;  but  physosttgmin  can  also  remove  an  atropin  mydriasis — the  result 
depending  upon  the  relative  dosage. 

Localization  by  antagonism  is  therefore  conclusive  only  if  the  anlagon* 
isra  is  not  mutual  and  if  it  involves  absolutely  distinct  structures;  for 
instance,  atropin  abolishes  the  action  of  cevadin  (veralrin)  on  the  cardiac 
vagus;  whilst  cevadin  does  not  interfere  with  the  atropin  action.  Evi- 
dently, the  cevadin  action  must  be  central  to  that  of  atropin. 

Mutual  Antagonism. — When  two  drugs  are  mutually  antagonistic,  it 
is  natural  to  assume  that  they  act  on  the  same  structure.  This  is  doubt- 
less often  the  case;  but  tlicre  are  instances  in  which  this  simple  assumption 
offers  diOlcullies;  for  in  some  cases,  the  point  of  attack  of  a  drug  appears 
to  be  different  in  the  presence  of  an  antagonist.  This  is  practically  im- 
portant; for  it  is  probable  that  disease  may  produce  similar  modifications, 
The  following  instances  are  adduced  by  Magnus,  igo8: 

PhysoBti^iniii  and  Cumrc  on  Striped  Voluiataiy  Muscle.— Phj-sostigmin  produces 
f  hrilUvry  twitcfainff^  of  ihe  vnlunLiry  muftclcit.  These  per^^ist  after  section  of  the  motor 
nerve  (sciatic).  They  arc  therefore  peripheral  (Kamack  und  Witkow^k),  1876).  They 
arr  suppressed  by  curare,  which  paralyzes  the  endings;  on  the  other  hand,  ph>'»o»lig- 
min  removes  the  curare  paralysis  (Pal  and  Rothb«Kcr).  Magnus  found  that  the 
ph>-90stiKniin  fibrillatiunH  can  not  be  producnl  when  the  motor  nerve  has  been  cut  and 
allowed  to  degenerate  ccimplctcly  (but  whilst  tlic  muscle  fibers  still  respond  to  direct 
stimulation).  This  would  seem  to  localize  the  physosligmin  action  strictly  in  the  eod- 
injiiA;  and  the  cnse  would  be  a  t>'pical  instance  of  mtiiual  anlaf^onism,  both  poisoM 
acting  on  the  nerve-endings. 

Thisi  Liindusion  apjH-ured  to  be  opposed  by  the  antagonism  of  nUx4im  and  curare  on 
striped  muscle,  Langlcy,  1906,  showed  that  certain  muscles  of  the  fowl  arc  thrown  into 
tonic  cuntracLion  by  nicutin,  and  that  this  is  removed  by  curare.  Tl)i«>  peculiar  nicotio 
action,  however,  pcrsisij  after  degeneration  of  Ihc  ncr\T;  hence  nicotin,  and  therefore 
alio  curare,  muiit  act  upon  th«  intramuscular  "receptive  substance."  But  if  curare 
paralyzes  an  intramuscular  structure,  its  action  CDu9d  not  be  rcmovetl  by  physostigmin, 
which  stimulates  an  exlramu^-cular  structure. 

The  two  phenomena  are  rccuDcilable  by  the  assumption  that  the  curare  attacks  the 
receptive  subsunce  in  the  presence  of  nicotJn,  and  that  it  attacks  the  ncrvc-eadings  in 
the  presence  of  physosligrain;  iu  other  words,  that  the  point  of  attack  of  curaxe  is  det^- 
mineii  by  its  antagonist;  in  other  words,  that  wc  arc  ueallng  wiiJi  two  distinct  and  un- 
related paralytic  actions  of  curare,  manifested  under  diQercnt  conditions,  one  on  the 
extra  muscular,  the  other  on  the  intramuscular  structure.  The  nicotin-toous  effect 
appears  to  be  a  distinctive  reaction,  which  has  i>rob3bly  nothing  to  do  with  ordinary 
mu!>cul«r  contraction i  so  that  the  curare  block, /.i.,  with  ordinary  sciatic  stimulation,  u 
probably  the  same  in  all  animals  (i.e.,  ia  the  nerve-ending). 

Langlcy,  1913  and  1914,  Investigated  the  nltotia  effects  on  frogs'  muscle.  He  found 
the  nicDlin-tonus  action  quite  distinct  from  the  nicolin-twitchingx.  The  twilchingi., 
/.I,,  arc  prevented  by  a  definite  concentration  of  curare,  whatever  the  concentration  01 
the  nirntin;  whereas,  to  prevent  the  nicotin-tonus,  the  concentrations  of  the  two  dnigft 
must  be  kept  proiKtrtion^il. 

Peculiarities  of  Fowls'  Muscle. — ^The  toctui  action  is  particularly  characlerisUc  in 
fowls'  muscle,  which  utso  shows  other  related  peculiarities  (Kdmimdft  and  Roth,  tgofi). 
In  these  animals,  nut  only  the  nicotin,  but  also  the  phj-sostigmin  actions  persist  alter 
degeneration  of  the  nerve;  Ihc  phj-sostigmin  action  is  not  removed  by  atropin,  whilst 
it  IS  so  removed  in  mammnh.  Harium  produces  only  an  increa<i£  of  muscular  tone  in  a 
normal  fowl's  leg;  but  in  a  dcnervated  leg,  or  ailei*  nicotin,  barium  causes  a  stroog 
contraction. 

Atropin -Pilocarpin-Physostigmin  on  the  Pupil.— When  the  pupil  has 
been  dilated  by  alropin,  stimulation  of  the  short  ciliary,  i.e.,  of  the  post- 
ganglionic fibers  of  th6  oculomotor  nerve,  is  Inc^cciivc,  whilst   airect 
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flfctric  stimulation  of  the  iris  sphincter  contracts  the  pupil.  Atropin 
thntfore  paralyzes  either  the  ner\'e-en dings  or  the  myoneural  junction. 
Filocarpin  and  physostigmin  both  constrict  the  normal  pupil.  When  the 
endings  of  the  short  ciliary  are  made  to  degenerate,  pilocarpin  is  stUl 
cfltttive  (.\nderson),  but  physostigmin  is  now  ineffective.  The  pilocarpin 
Uarefore  acts  on  the  receptive  substance  or  muscle;  the  physostigmin 
wonld  be  supposed  to  act  on  the  extracellular  ner\'C-endJngs. 

From  this,  one  might  suppose  that  pilocarpin  should  be  a  more  power- 
ful antagonist  of  atropin  than  is  physostigmin.  In  fact,  however,  the 
a^Kxile  is  the  case,  so  that  the  point  of  attack  of  atropin  seems  to  be 
ih^tcl  more  centrally  by  the  physostigmin,  as  if  il  were  determined  by  its 
&QU)tonisl. 

However,  in  this  case  also  another  explanation  is  possible,  perhaps 
more  ptobablc.  The  weak  point  in  the  argument  is  the  localization  of  the 
pfej-sosiigmin  action.  There  is  some  evidence  that  physostigmin  acts 
oy  increasing  the  excitability  of  the  oculomotor  mechanism,  and  not 
by  dirtct  stimulation;  for  it  low^ers  the  threshold  for  stimulation  when 
it  doe  not  stimulate  directly.  If  this  be  true,  the  failure  of  physostigmin 
iflcr  nerve  degeneration  would  not  argue  against  its  action  being  on  the 
Kwptive  substance;  for  degeneration  of  the  nerve  endings  might  interfere 
with  ihe  physostigmin  action  simply  by  eliminating  the  possibility  of 
cxtrurous  stimulation.  (If  this  view  is  correct,  ph\-sosiigmin  should  be 
rrodcred  active  through  the  prt-sence  of  pilocarpin  even  after  nerve  dcgen- 
cnlion;  but  the  experiment  has  not  been  tried.) 

Conflict  of  SympAthetic  and  Porasympiathetic  Acrions. — T^n^ley  anrl  Dirkinson, 
tK^c^ttaowed  ihat  tiic  cflccts  of  nUolin  on  the  pupil  and  nictilntin);  membrane  arc  the 
RWbint  of  simulUncouit  AtimuLition  of  the  symfulhclic  and  cranial  inncr\*at)on.  In 
Ob,  l)tc  4ympatht.-tii:  ti^u^lly  iirrdomin.de*  (riiLtliun  of  pu|iil  and  relraclinn  of  mem- 
Waic).  iHlocArfMn,  on  the  otiier  hand,  causes  con.«lriction  (oculomotor  stimulation), 
vUti  it  also  unaffected  t>y  complftc  dfnervutiuu  (Aiidi-rsun).  Howrvcr,  it  acts  also 
«R  tbc  Rympathelic,  for  the  nictiutins  membrane  retracts,  tioth  drug«  therefore  act 
•a  Ixrth  sntcms. 

Both  druf^s  act  after  degetieralion  of  the  nerves,  in  the  lK>dy;  but  with  the  eici«cd 
iHi,noly  the  auencotor  (oculomotor)  response  persists.  To  explain  this  contradiction, 
t>ftlr  utd  LiidUw,  igt  J,  assume  that  tbr  sympathetic  stimulation  in  dcnervalcd  ani- 
■kb  t>  brought  about  by  increased  secretion  of  cpinepbrio,  to  which  the  dencrvatcd 
■yi^lUllcUc  eodio^  arc  es|>ectatly  sti^cvplible. 

tThc  other  examples  adduced  by  Magnus  appear  more  conclusive: 
Pfiocaipin  and  Atropin  on  Intestine. — Magnus  has  worked  out  an 
■mtomic  method  for  localizing  the  action  of  poisons  on  the  intestinal 
movements,  as  wall  be  explained  presently.  He  could  thus  show  that  the 
crdin&ry  auopin  action  is  located  in  Auerbach's  plexus,  whilst  the  pilo- 
carpin stimulation  is  peripheral  to  this  plexus.  Nevertheless,  the  two 
dn^  arc  mutual  antagonists.  Moreover,  the  pilocarpin  stimulation  is 
prei'tnlcd  by  dusc-s  of  atropin  but  one-hundredth  as  large  as  the  minimum 
dose  which  has  any  effect  on  the  unpoisoned  gut. 

Apparently  therefore  the  point  of  attack  of  atropin  is  shifted  by  the 
prcscxkce  of  pilocarpin.  There  is  another  possibility,  however;  for  it  is 
coaceitrable  that  atropin  might  inhibit  the  pilocarpin  action,  not  by  depre»- 
flng  the  cells,  but  by  preventing  their  combination  with  pilocarpm  in 
MOie  w»y.  This  seems  to  be  nearer  the  truth,  for  Dayliss  and  Starling, 
IQOI,  showed  that  atropin,  whilst  it  completely  inhibits  the  pilocarpin 
stimulattOD,  does  not  prevent  the  response  to  stimulation  of  the  extrinsic 
motor  or  inhibitory  nerves  of  the  intestine,  or  lo  the  pinching  reflex. 
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Threehold  of  Sympatlietic  StimulttiotL — It  is  also  possible,  however,  that  the  differ* 
enors  arc  only  qitanlJtativc;  fur  there  exist  consider jibli:  differences  ia  the  thrcibobi 
of  the  diHrfL-nt  (uiiction.il  lilurs  nf  syiiipaThelic  nprves  (Gruber,  1915). 

Atropin  and  Pilocarpin  on  the  Vasomotor  MedianiBm. — This  furnishes  a  stxictl}- 
analo^ous  ciomptc:  Brodic  uod  Dixon  found  that  alrupin  removes  the  pUocariHn 
vafioconfilrictioo,  without  impairinf;  the  response  to  electric  or  other  stimulation  of  Uie 
vasoconstrictor  nerves. 

Bladder  and  Uterus. — Similar  cnnditions  are  found  in  the  Urinary  Bladdtf  (the 
rcspon&c  of  which  to  autonnmic  poisons  has  been  studied  by  l^njtley.  191  :>  and  in  the 
tiUrus  of  the  rabbU.  In  the  lnti«>r,  pilocan>in  produi'es  violent  contmcUoos,  which  an 
arrcfltea  by  atropin,  whilst  h>'pogastric  stimuhition  continues  cflcctive. 


THE  RESPONSE  OF  THE  DTERtTS  TO  AUTONOMIC  POISONS 

This  presents  some  very  iuteresling  problems  of  antagonism,  especially 
in  the  cat  (Cushny,  1910), 

Spontaneous  Movements. — The  sur\'iving  uterus  placed  in  oxyge- 
nated Ringer's  fluid  continues  to  perform  rhythmic  movements  for  hotirs 
(Kehrcr,  1908).  These  vary  with  the  physiologic  condition  of  the 
organ,  being  most  lively  in  early  pregnancy.  In  advanced  pregnancy  they 
are  slower  and  separated  by  longer  pauses;  but  they  are  extensive.  Thej' 
can  be  influenced  through  the  uterine  nerves  and  by  the  drugs  which  act 
upon  these  (Cushny,  1906). 

The  nerve  supply  of  the  uterus  is  derived  from  the  s>'mpathetlc,  chicBy  throu^  the 
hypogastric;  iind  from  the  pnrasympnthetic  through  the  pelvic  nerve-  Of  these,  the 
hypcigiuitric  is  by  far  the  more  important.  ThcrespotLsc  to  hypog-istric  stimulatiaa 
di0ers  according  to  the  animal  and  pregnancy.  Rabbits  rcsjiond  by  contraction;  w 
also  do  pregrutnt  or  recently  pregnant  <-iyys\  in  non-preffnant  cats,  the  <uune  stimulatiaa 
inhibits  contraction  and  lessens  the  muscular  lone.  There  arc  occasional  exceptions 
to  this;  but  in  any  case,  it  may  be  as.<tumcd  that  the  augmcntor  or  inhilMlory  respoou 
19  due  to  the  difTerent  functional  condition  of  the  muscle.  In  j;uinca  pigs,  the  uterine 
effects  of  poisons  resemble  their  intestinal  actions  (Sugimoto,  1913). 

Action  of  Autonomic  Poisons  on  the  Uterus. — Pilocarpin,  Nicotin,  ami 
Epinephrsn. — These  always  produce  the  same  effect  on  the  cat's  uterus 
as  hjTKigastric  stimulation:  augmenlalion  in  the  pregnant;  inhibition  10 
the  non-pregnant.  They  would  ihcrcfore  seem  to  act  on  the  same  neuro* 
muscular  path.    Their  reaction  to  atropin,  however,  is  different: 

Alropin  by  itself  stimulateis  the  movements  in  smull  doses;  whilst  larger  doves 
cause  arrest.  Its  miun  interest  ties  in  the  antaftmisms:  Atropin  abolishes  the  pdilcarpiD 
effect,  whether  this  be  augmcntory  or  inhibitory;  but  it  does  not  alter  the  rcaclioo  to 
nicotin,  to  cpinephrin,  or  to  electric  stimulation  of  the  hj^pofiastric  ncr\c.  This  is 
in  harmony  with  the  speciuc  predilection  of  atropin  against  pilocarpin,  of  which  aeveral 
instances  have  ju^t  been  given. 

F.rgotosiiu  on  the  other  hand,  abolbhes  the  augmeniory  effects,  both  of  pilocarpin 
and  of  cpinephrin;  it  therefore  appears  to  diilcrvntiate  between  the  effects,  rather  than 
between  the  ilru)^. 

Still  another  phenomenon  is  presented  by  the  pk>-sostigmtn  anil  atropin  antognnisin : 
Physostismin  ha*  apurely  augraentor  actioa.  whatever  tbe  «tate  ol  the  niuscie;  this  it 
abulishcd  by  atropin,  but  the  antagonism  ii  one-sided  (contrary  to  the  experience  to 
other  organs) :  further  quantities  of  physosligmin  remain  ineffective. 

The  uterus  is  the  only  instance  in  which  physostigmin,  pilocarpin,  and 
atropin  act  on  the  .same  nervous  (.sympathetic)  i>ath  as  epinephrin,  and  is 
thus  a  transition  to  the  sweat  gland.'i  in  which  the  sympathetic  imicr\-atioa 
responds  to  the  craniosacral  poisons,  and  apparently  not  to  the  sym- 
pathomimetic epinephrin. 

Reaction  of  Different  Uteri  to  Epinephrin. — The  response  to  this  drug,  and  U>  sym- 
pathetic stimulation,  varies  in  different  animals  and  functional  states,  as  shown  tn  tbe 
lotlowing  table  (adapted  from  Gunn  and  Gunn,  iqm)- 
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Ulcnu  Responds 
By  contraction  By  relaxation 

SaMIt Prej^nant  or  non-pregnant 

Cat Pregnant Non-pregnant 

Giiinra  ptj;  ami  rat. .     _ Pregnant  or  non-pr«gnattt 

Mooi:ey Non-pregnant 

O0( Non-pregnant 

Binuui T .     Xon-prcgnant  (also  tubes). 

Otiwr  Drags  Acting  Peripherally  on  the  Uterus. — Infundibuiar  extract  produces 
mincnal  cnntraction  (rraskl-lliKhnart  and  Fruehlkb,  1909),  in  all  animals,  pregnant 
ersoo-pregnant;  also  in  human  uterus,  but  not  in  the  tubes  (although  these  arc  coii- 
Uxted  by  e^ephrin  (Gunn,  1914). 

Quimn  increases  the  contractions  (Rurdinowski-Kehrer,  1906).  Cinchooin, 
dncbDiddlQ  and  quinidin  contract  even  more  powerfully  than  quinin  (Hale,  1915}. 

Uotpkin  in  small  doses  is  stimulant,  in  larger  doses  depressant  (Kehrer). 

SapeiamtH  has  no  effect. 

Histamin  or  baa-\mi4aiolylelhylcmiH  (n  constituent  of  ergot,  also  formed  by  the 
aetkka  of  bacteria  on  histidin)  is  powerfully  ftlimulant  (Bargcr  and  Dale,  njiol.  Other 
nUtti  tmmt,  pr^one,  and  anapkyhtoxin  ad  similarly.  Hydrailin,  hydrastinin  and 
aUnin  are  stimulant  (Kehrer,  1907).  The  actions  of  a  number  of  other  drugs  are 
dnaibed  by  Pilcher,  1916. 

PariSed  Organ  Extracts. — Fawxett,  cl  a!..  1015,  examined  aqueous  extracts,  after 
nmmi  of  the  nudco-protdns  and  coagulablc  proteins.  Pituitary,  pineal,  thyroid, 
(MQtliyroid,  thymus,  adrenal  glands,  pancrvuii  and  spleen  were  (ouml  to  contain  sub- 
stUOEi  that  slimulalc  rat':;  uitrus.  The  stimulation  was  inhibited  bj'  cpincphrin. 
TW  effects  on  inUstinal  mttscU  dilTertd;  when  stimulated,  it  was  a]M>  inhibited  by 
cpintphritL 

SoereoCe  betveen  Uterus  in  Situ  and  Excised. — With  con-pregnant  cats,  the 
atens  m  litu  is  inluhtte<l  by  nicotin,  cytisin,  hydraslinin,  imlolcthylamin  and  pilo- 
caipiA.  Esciscd  uteri,  on  the  other  hand,  are  generally  stimulated  by  these  drugs. 
llMUDS  from  this  that  there  is  both  sympathetic  (iiihibitury)  and  |Mirasym]wtheUc 
(aoKBCiitory}  stimtilation.  The  sv-mpaihctic  effect  predominates  during  life,  but  does 
■M  lurvtve  cxctftion.  Dale  and  Laidlaw,  191 },  believe  that  the  sympathetic  stimuladon 
if  lot  direct,  but  through  increased  epinephrin  secretion. 

Pnctical  Importance  of  the  Uterine  Actions. — The  stimulation  of 
ulerineconlraclitins  is  useful  for  arresting posljmrlum  hemorrhage.  Ergot 
particularly  is  employed  for  this  purpose,  hydraslis  and  cutarntn  have  also 
been  used,  but  they  seem  to  be  less  effective.  Pituitary  extract  is  used  to 
taitiate  or  strtnglhen  uterine  contraction. 

Nicotin  (tobacco  infusion),  pilocarpin  and  quinin  are  sometimes  used 
by  the  laity  as  abortifacients;  elTeclive  doses,  however,  are  dangerous. 

Jt^Jkx  Increase  0/  tkt  ASovtments. — This  is  secured  by  irritation  of  the  iniestiDC 
rCahfCr,  lyio),  csperiaUy.by  drastic  catharticsand  irritant  volatile  oils.  These  should 
wtiLfuiiL  be  avoided  in  [»eBiiaacy.  They  also  have  a  reputation  as  abortifacienu,  but 
JR  &^hly  dangerous- 

Cratnl  Action  on  the  Utenia.— TheM  are  relatively  unimportant.  The  motor 
flaaUr  ia  (be  lumbar  curd  is  stimulated  by  anemia  and  asphyxia. 


GALL-BLADDER 

Litb  and  McWhorter,  1915,  found  that  this  is  augmented  by  vagus  and  inhibited 
qrspitbelic  ^timtUation.  Epinephrin  therefore  rclaxc<i,  whilst  ph>-5ostigmin  and 
CfafrfP  stimulate,  and  thLt  stimulation  is  removed  by  atroptn.  It  is  also  ftiimulaied 
fCn^>hjaiitJuo  and  barium;  relaxed  by  bile  salts  ana  nitrites.     Okada,  1915,  states 

Clic  tMirmal  rhythmic  movements  are  greatly  increased  during  digestion,  and  by 

Itrodoctkni  of  acid  into  the  duodenum. 

URETER 

TIk  movcmcnu  and  tone  of  the  excised  ureter  arc  stimulated  by  the  parasympathetic 
and  paralyaed  by  alropan;  they  are  also  stimulated  by  cpUKphrin.     Ergo- 
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toxin  reverses  Uwr  cpiticphrin  stimulationj  bul  has  no  effect  on  liic  paru^inpathetic 
stimulants.     Nicotin  pnKtucesan  Inilml  •stimulation  and  subsequent  paralyus.     Pa 
erin  rclax'»  the  tone,  without  inhibiting  the  pcri&taUis  (Macht,  1916). 


THE  NATURE  OF  ANTAGONISM 


pft^^ 


Until  there  is  a  dearer  understanding  of  the  chemical  and  phyf^ical  rhanges  which 
condition  the  actions  of  the  antajfonistic  poisons,  we  can  conceive  the  nntun'  of  their 
uitagoni«>ni  only  in  terms  of  crude  unalogicji: 

1.  We  may  suppose  llrnt  the  stimulant  and  depressant  drugs  each  act  upon  diflercnt 
chcmjc  constituents.  In  this  case,  the  comhire<i  effect  woum  be  a  simple  stunmalion 
of  tJicir  separate  actions.  This  might  be  the  explanation  of  the  action  of  atropin  and 
physostij^min  on  the  oculomotor  junction. 

2.  Both  poisons  may  act  upon  the  !>ame  constituent.  Id  this  case  the  end  result 
would  depend  upon  the  relative  alTlnity  of  the  two  poisons  fur  this  constituent.  This 
offers  several  possibilities. 

(ii)  The  two  drugs  may  have  approximately  the  same  aiSnity — in  this  case  the 
effect  would  depend  purely  upon  the  relative  quantity. 

(A)  One  drug  may  have  a  much  ereatcr  allinity  than  the  other;  this  might  a_ . 

for  instance,  in  the  case  of  utroptn  una  pilocar])in  on  the  pupil,  where  a  small  quantity 
of  atropin  suHires  to  ahoHsh  the  effects  of  ft  targe  quantity  of  pilocarpin;  whilst  3  l^ive 
quantity  <rf  pilocarpin  is  needed  to  overcome  even  a  trace  of  atropin.  The  case  may  be 
somewhat  analogous  to  the  combination  of  oxygen  and  carbon  monoxid  with  hemo- 
globin. 

U)  Tlie  cflicieacy  of  the  one  may  be  so  much  grctiter  than  that  of  the  other,  that  the 
antagonism  is  practically  irreversible.  Atropin,  J.t.,  completely  prc'i-cnt*  tie  action 
of  pbysostiKmin  on  the  uterus. 

$.  One  poison  might  influence  the  penetration  oF  another,  and  In  this  way  alter  Its 
distribution,  and  thus  aguin  entirely  change  its  paint  of  attack.  This  has  been  shown  by 
I-'hrtich  for  certain  (!>%<■;  and  similar  conditions  have  been  fihawn  to  prevail  for  mu&- 
curin  and  atropin,  by  Slraub;  and  for  morphia  and  chloroform  by  Fuehner, 
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With  these  possibilities  in  mind  and  remembering  that  they  are  b 
merely  on  crude  analogies,  it  ia  clear,  at  least,  that  antagonism  is  a  highly 
complex  subject.  We  must  be  content,  for  the  present,  with  the  empiric 
facts:  That  the  point  of  attack  of  the  poisons  b  not  absolutely  specific: 
that  it  may  shift  according  to  conditions,  dose,  time  of  action,  etc.;  i 
the  effect  of  the  same  drug  on  different  structures,  and  even  on  the  sa 
structure,  may  be  augmentory  or  inhibitorj',  or  both;  that  a  poison  majr 
present  mutual  antagonism  to  two  poisons  which  act  on  different  structures; 
that  the  antagonistic  dose  may  be  much  smaller  than  the  minimal  effec- 
tive dose  under  ordinary  conditions;  that  the  removal  of  a  drug  (pilo- 
carpin) stimulation  by  a  depressant  (atropin)  need  not  lie  accompanied 
by  paralysis  to  elwtric  stimulation,  whilst  in  other  cases  they  go  hand  in 
hand.  The  schematic  presentation  which  has  been  given  may  scrx*e  as 
the  thread  of  Ariadne  through  this  labyrinth;  bul  after  all,  it  ts  still  more 
important  to  grasp  the  Individual  facts  which  have  a  practical  application. 

Quantitative  Antagonism  of  Atropin  and  PQocarpin  Saliraiy  Secretion. — This  has 
been  inve^tiKatL-d  by  Cu^hny,  1915.  on  do^^  with  salivary  lUtulas.  It  was  found  that 
the  antagonistic  dose  wiis  ihc  s^imt?  for  dlrTerciu  dugs.  The  ratio  aUo  remained  the 
5ame  (about  i  pari  of  atropin  to  9.3  of  pilwarpin)  whether  the  two  drugs  wTre  injected 
simuUaneousTy  or  some  time  apart;  antl  that  it  rctiuiiDed  unaltered  whatever  total  dose 
was  injected.  This  agrees  nith  the  laws  of  mass  action,  rather  than  with  those  o( 
chemical  combination. 

Relation  of  Action  to  bttrncellular  Penetration,  Storage,  and  Dectnictioa. — Ac- 
cording to  W.  Straub,  1007,  the  ciTcct  of  most  aii^aluidit  ta  proportional  to  thdr 
concentrutioa  within  the  cell.  With  niiisi.aTin,  however,  be  found  tlic  relation  quite 
different:  Here  the  effect  appears  to  depend  upon  the  concentration  otilside  the  cetl;< 
rather,  on  there  being  a  higher  concentration  outMcie  than  insi«lc  the  cell. 

The  experiments  were  made  by  placing  the  frog's  heart  into  a  mu5caria  «jIuI 
The  quantity  of  poison  rcmainLag  in  solution,  and  the  quantity  which  could  be  eztri 


PERIPttERAL   AUTONOMIC   SYSTEM 


273 


fran  the  hnrt  were  Ihcn  leslvd  on  aplysU-hcarta.  HearU  laid  in  a  musc&rin  solution 
the*  a  primary  diastolic  sLandstill,  foiLowi-d  hy  s|K^ii(aneou8  recovery  in  a  few  lioun. 
Tbe  oizimjU  diastolic  action  occurs  when  very  little  muscarin  has  passed  into  the 
taauk;  whilst  at  the  time  of  "recuvcry,"  all  the  muscarin  bus  passed  into  the  heart. 
11  new  the  recovered  heart  is  placed  inio  a  f  r«h  muscarin  solution,  it  is  again  arrested, 
ritk  tpootaneous  Ktovery.  This  may  bt  done  repeatedly;  but  the  action  becomes 
ibartfr  and  shorter,  and  Anally  nil.  Thai  Ls,  the  heart  becomes  completely  refractory 
10  even  tbe  highest  concentrations  of  muscarin.  If  the  muscarin  concentration  is 
tactcaud  very  sluwty,  the  hejirt  does  not  respond.  The  presence  of  atropin  appears 
tn^y  the  penetration  someirhat.  Any  explanation  of  these  phenomena  would  have 
tabt  toohypoUielical.  (O.  Locwi,  1911.  considers  the  Rrsum]>tion  of  Ihe  beat  under 
■oonn  a»  analogous  to  escape  from  vagus  stimulation,  and  attributes  both  to  increased 
odlabflity  of  tbe  cardiac  muscle.) 

bodeotaily,  this  fumishc?  an  interesting  example  of  antagonism.  The  effects 
ifnacann  are  exactly  the  same  in  animals  which  huve  no  vaijcus  merhunism;butatropiD 
tmlyaBtaxonistic  in  animab  in  which  a  vagus  mcchanijsm  is  developed, 

Whh  Epmephrin  the  action  is  also  proportiunttl  to  the  concent  ratio  a  outside  the 
oli.  A  siill  more  striking  example  is  described  by  Trcndclcnburx,  1915,  for  bronchial 
wudt.  This  constrict?*  strongly  in  sotuCions  of  muscarin,  pilocarplii  ur  arecolin, 
Vuhiog  the  poisoned  solution  with  pure  Ringer's  Buid  docs  not  remove  the  constric- 
lM;(n  the  conlrury,  this  often  causes  a  further  contraction.  The  same  phenomenon 
raokcrved  by  Kuyer  and  Wijenheck,  igij,  on  e\risM  interline  .ind  utcru.;.  Traa»- 
tenon  the  poijoned  tissues  into  pure  saline  again  brought  on  ihc  typical  augmentory 
orinlBhitor)'  effect  of  the  poiiion;  whilst  transfer  from  the  old  to  a  fresh  ftolutK>n  of  llu 
(■■won  produced  no  result.  This  is  taken  to  indicate  that  the  effect  occurs  only  during 
the jtaiHCf  of  the  poison  through  the  cell  membrane,  into  or  out  of  the  cell. 

Cdl  wmeabUjtjr. — .Vshcr  and  (iannus,  1911,  found  thattbcgland  cells  of  tbe  nicti> 
ciliH  iBembranc  of  frogs  take  up  much  more  of  \-ital  stains  when  they  arc  slimuUited 
bjrpttocaqitn  than  when  depressed  by  atropin. 


OPTICAL  ISOMERS 

Most  if  not  all  the  aulotiomic  i>oisi»ns  are  optically  active  (or  racemic); 

»D<J  the  chemic  reactions  which  iletermine  their  speciiicity  depend  largely 

00  Iheir  stereochemic  configuration.     The  stereoisomers  have  an  identical 

oanposition  and  radicals,  but  owing  to  the  presence  of  one  or  more  asym- 

ajctric  carbon  atoms,   these  groups  are  arranged  differently  in  space 

(V'an't  Hoff  and  Lc  Hel,  1874).    This  is  indicated  by  the  optical  activity, 

so  that  these  isomers  arc  Icvorotary,  dcxtrorotary,  or  by  the  combinalion 

■rf  the  two,  racemic.    Our  knowledge  of  these  phenomena  dates  from  the 

dune  discovery  of  Pasteur,  that  racemic  tartaric  acid  is  sepaxated  into 

itt  optical  constituents  by  mould  fungi.    Since  then,  very  numerous 

tosUnccs  have  been  worked  out  on  higher  animals;  such  as  atropin  and 

byoscywnin;  atrt»cin  and  scopolamin;  the  epinephrins,  muscarins,  nJco- 

tUM,  cocains,  cinchona  alkaloids,  camphors,  etc.  i.Fraenkel,  Arzneimittel- 

^rmhesc).     Cells  and  ferments  distinguish  shaqily  between  these  slerco- 

homen,  so  that  Ihcy  invariably  differ,  at  least  quantitatively,  in  their 

pfaAfnuicologic  effects,  the  racemic  being  intermediate  between  the  active 

ferns.    This  indicates  that  the  reactive  substance  of  the  cells  must  also  be 

opliciDy  active;  and  it  is  suggestive  that  the  effects  of  the  1-active  hyos^- 

<7uun  aod  1-epinephrin  arc  antagonistic  to  those  of  the  d-pilocarpin  and 

RgDioxin  (Ctishny,  1908).     In   higher  animals,  the  l-alkalolHs  ustially 

hare  more  powerful  peripheral  effects.     It  is  probable  that  the  cells  can 

dther  attack  or  destroy  the  one  isomer  more  readily  than   the  other 

(PoobKm,  1910).    The  asv-mmetric  nitrogen  atom  also  modifies  the  phar- 

maoilogic  actional,  as  shown  by  Hildebrandt,  190^,  for  coniins;  and  Laid- 

1*1*^.  1913^  (or  canadins.    The  curare  action  of  the  ammonium  bases 

(Bnrm  and  Fraser,  1869)  also  depends  upon  the  peculiar  orientation  of  the 

pentavalent  atom  of  nitrogen  or  similar  elements. 
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AUTONOMIC  PHENOMEKA  OF  THE  INTESTIWE 

The  innervation  of  the  intestines  differs  from  the  general  scheme  of 
autonomic  innervation  so  that  Langley,  1913,  proposes  to  differentiate 
ihem  as  the  "enteric  system."  A  second  set  of  nerve  cells  (Auerbach'a 
and  Mcissner's  plexus)  is  interpolated  between  the  ordinary  (exlrinac) 
autonomic  innervaGon  and  the  muscle.  The  intestinal  reflexes  (scgmo^ 
tation  and  peristalsis)  are  determined  by  the  local  nerve  centers  of  Aucr^ 
bach's  plexus;  but  the  extrin^c  nerves  can  also  Initiate,  augment  or  abolish 
these  movements. 

These  peripheral  nerve  centers  and  their  connections  react  to  the  usual 
autonomic  poisons;  but  the  nature  of  the  reaction  is  distinctive  and  can 
not  be  deduced  from  the  orrlinary  schema.  The  extrinsic  nerve  ganglia 
responds  to  nicolin  in  the  usual  manner.  The  effects  on  the  Auerbach 
ganglia  can  also  he  located;  these  are  stimulated  by  atropin  and  nicotin; 
these  and  the  other  autonomic  poisons  also  act  more  peripherally. 

Peripheral  Reflexes  In  Other  Organs. — The  iotcstioes  are  the  most  prominent, 
but  by  no  means  tlic  only,  example  of  rcflcs  response  ia  ihcabscnceof  central  innervation. 
In  fiahes  and  amphibians,  for  instance,  the  iris  of  the  excised  eye  responds  to  light,  tveo, 
after  removal  of  the  retina  (Slcinach,  1893);  blood  vcscls  regain  their  tone  iwhea  thdr 
nervHUS  connections  degenerate,  etc.  These  reflexes  do  not  even  involve  the  presence 
of  peripheral  nerve  ceib.  Thcv  may  be  considered  as  sur\'ivals  of  the  redex  mechanism 
uf  the  lon-er  invertebrateA  (Parker,  igog).  Thi&  conception  may  help  to  elucidate  some 
obscure  pharmacologic  phenomena. 

Extrinsic  Innervation  of  the  Intestine. — SympalkfJic  turves,  running  throush  the 
superior  and  inferior  spliinchnic  and  mcKotcric  ganglia,  supply  the  whole  tract,  from 
the  cardia  to  the  anus,  mainly  with  inhibitor)'  fibers. 

The  parasympaUitiic  supply  consists  of  the  augmcntory  erigens  and  pelvic  nerves  to 
the  anus,  rectum  and  colon;  and  the  vagus  fibers,  distributed  from  ihe  esophapis  to 
the  end  of  the  ileum.  The  vaius  innervation  causes  a  short  primary  inhibition,  followed 
by  marked  stimulutlan.  It  i^  not  known  whether  the  extrinsic  nerves  connect  with  the 
local  nerve  cells;  or  whether  they  att  independently  on  the  muscle;  or  both.  The  bulbo- 
sacf^il  innervation  sreitis  useful  inainly  fur  initiating  tone,  which  is  then  maintained  by 
the  local  mechanism.  The  initial  inhibition  favors  the  inpre&s  of  the  ch>ine  (Caiuum, 
1911).  The  "roll  movements"  which  propel  the  rontenta  for  long  distances,  are  of 
extrinsic  origia,  due  to  vagus  stimulation  nilh  simultaneous  depression  of  syrapAllieltC 
inhibition  (Meltzer  and  Aucr,  1907). 

Differencos  of  Rhythm  at  Various  LBVels. — In  inuct  animals,  the  rhythm  is  faster 
toward  the  two  ends  of  the  int^tioL-  than  toward  the  middle.  In  excised  Intestine,  the 
fate  decri-juMw  with  the  distance  from  the  pylorus,  the  rate  of  the  duodenum  in  rabbits 
being  about  50  per  cent,  faster  than  in  thir  lower  ileum.  The  oral  end  is  more  irriuble 
and  therefore  acts  as  pacemaker.  Tt  is  also  less  subject  to  epincphrin  relaxation.  Its 
tone  is  also  higher.  On  the  other  hand,  the  slower  rate  of  Che  aboral  end  is  accompanied 
by  greater  excursions  (.-Mvarex.  1914.  ipis). 

The  Intrinsic  Keuro-muscular  Mechanism. — The  segmentation  (pendulum)  mov«- 
mcnts  and  the  ordinary  pcrislalt'tt  IlHlvetn^•lH^  are  entirely  of  peripheral  origin,  since 
they  are  olKervcd  also  in  the  excised  intestine  even  when  the  mucosa  and  submucnsa  arc 
removetl.  Thcv  arc  originated  peripheral  to  the  ganglia;  for  they  persist,  under  suitable 
conditions,  for  hvc  day-i  after  death,  when  the  ganjj^ia  must  Iw  dead;  and  Uicy  can  abo 
be  evoked  in  prepnrations  from  which  the  ganglia  have  been  remo\'ed  anatomically 
(Gunn  and  UnderhitI,  1914).  The  rhythmic  segmentation  movements  are  autOTiu^ 
the  peristaltic  movcmenis  are  evoked  ref!cx!y  (us  in  the  B.-iyliss-Slarling  reflex;  a  pinch 
causes  the  intestine  to  constrict  for  i  or  2  cm.  above,  and  to  relax  for  some  50  cm.  neJow 
the  stirmilus).  The  local  nerve-muscle  mcchani.'im  for  these  reflexes  consists  of  tht 
longitudinal  and  circuhir  mu<icular  coats,  innervated  by  Auerhach's  plerus  of  nerve 
cells  and  fibers,  which  lies  between  them.  This  communicates  also  with  Meissner*s 
plexua  in  the  fubmucosa,  which  innervates  the  glands,  musculuris  mucwMc,  etc.,  bat 
which  is  not  conccrnetl  tn  the  intestinal  movements. 

Isolation  of  Intestinal  Coats.~Magnus,  1904.  found  that  the  muscuLir  coats  of  iha 
cat's  intcsliiie  could  be  separated  into  layers,  so  as  cither  to  retain  or  eliminate  Ai 
bach's  plexus. 
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The  "plexus  preparations"  contain  the  peripheral  nerve  cells,  and  respond  to  con- 
tinocd  stimulatioQ  by  rfaythmic  contractions. 

The  plexu3-free  prep»ration.s  (which  contain  only  the  ncr\-e-endlngs  and  muMrle) 

ot^iurily  respond  to  continued  stimulation  by  a  single  tetanic  contraction,  like  ordi- 

Buy  smooth  musclar;  bul  if  ihc  prcparaliotis  arc  carefully  prolecietl  uguiiiitt  injury,  lliey 

ilao  resume  sponliincous  rhythmic  movements  after  a  time  (Gunn  and  UnJcrhill,  1914). 

^Villt  the  disappearance  of  spontaneous  movements  by  exposure,  the  reaction  to  all 

dnip,  even  tiarium,  is  abolLihed.     The  rpsponsc  to  plIoc»rpin  and  atropin  disappears 

before  thit  for  epinephrin  or  barium,  indicating  that  the  paras>-Tn pathetic  innervation 

&»  before  th<  sympathetic  (Gunn  and  Undcrhill). 

The  muscularit  miuosa  altu>  contracts,  especially  in  the  diagonal  direction.  Iti 
ikytimi  is  slow,  rather  similar  to  that  of  the  spleen.  Its  tune  and  rhythm  arc  increased 
bf  epinephrin.  Barium  causes  marked  tonic  contractton,  abolishing  the  rhvthm  (Gunn 
od  Caderhitl}. 

Localizatioa  of  the  Action  of  Poisons  on  the  Intestine. — The  use  of 
tidied  iutesiine,  and  of  ple.\us  an<l  plexus-free  preparations,  aids  in  the 
lociliiation  of  the  action  of  poisons. 

If  a  given  action  occurs  in  the  excised  intestine,  the  point  of  attack 
BMst  be  local.  If  the  action  occurs  in  plexus  preparations,  and  not  in 
(fctos-free  strips,  it  must  be  on  the  ganglion  cells.  If  it  occurs  in  the 
plexus-free  preparations,  it  must  be  on  the  endings  or  muscle.  No  reli- 
•Uc  method  has  been  found  to  distinguish  between  the  nerve-ending  and 
nuBcIe;  or  between  the  endings  of  the  extrinsic  and  intrinsic  system,  if  the 
t*o  be  distinct.  All  conclusions  as  to  these  are  based  on  the  insecure 
gnxmd  of  analogy. 

Tkb  general  method  as  outlined  only  discovers  the  most  peripheral  point  of  attack, 
■kM  if  practically  the  mo?>t  important;  but  it  docs  not  exclutlr  that  the  poison  may  alao 
■Sictmurefcniral  !ilructure5ai  the  flame  time.  This  possibility  is  not  merely  theoreti- 
Cll;  for  even  thi&  method  shows  that  the  same  dnig  may  atLick  diflerenl  slructures, 
ittwriim  to  the  dose  and  other  conditions.  The  conditioas  have  not  been  fully  ana- 
\fwsA.  and  until  ihts  has  been  done,  the  liKaliuition  of  the  inleslinal  phenomena  must 
w  :    '  Isfactof}*.     The  followinc  exposition  is  mainlv  along  the  lines  laid  down 

b>  -  r.rgrbnltse  dcr  PhysinUigie,  vol.  7,  i9oS,and  vol.  2, 1903),  and  by  Hans 

>U"T   Ml  »-r  and  Gottlieb**  Lehrbuch). 

Aetioo  of  Drugs  on  the  Intestinal  Movements. — Barium  sails  provoke  very  violent 
cmtnction;  tlir  c^cct  occurs  in  plexus-free  preparations  and  is  presumably  (from  anil- 
OKf)  exerted  directly  on  the  contractile  substance.  It  b  abolished  only  by  the  ver>' 
laqp  dous  of  atropin  which  paralyze  the  muMrle  substance. 

Slr^pkiiHlkin  (and  presumably  the  other  Ui^italoid  drugs)  stimulate  In  smalt  doses 
tad  i&UUt  in  large  duses.  The  eO'ects  occur  in  plexus-free  pre|karations.  and  hence 
bvolvt  the  endings  or  muscle,  presumably  the  latter.  1'hc  stimulatioii  is  abolished 
«ly  by  ibe  rxtreme  doses  of  atropin. 

_  Pkysostigmin,  Pilocarpine  Muscarin,  Cholin  and  Cokhicin  produce 
wtail  irregular  contractions,  and  also  tetanic  contraction  of  plexus-free 
pnpantion&.  Their  action  must  be  postganglionic;  presumably  stimula- 
tion oi  the  vagus  endings. 

The  stimulation  of  these  drugs  is  abolished  by  small  doses  of  atropin; 
pBonrpin  is  antagonized  by  extremely  minute  doses;  physostigmin  reciuires 
rtiiUvely  the  largest  amount. 

^  Akt^H. — The  cfTccls  and  their  localization  differ  according  to  con- 
ditioiks:  Very  small  doses  have  no  effect  on  the  normal  intestine,  bul  remove 
faMestinal  spasm,  due  to  peripheral  vagits  stimulation  (physostigmin, 
pAocarptn,  etc.;  lead  cuUc,  anemia  of  ijitcsiinc,  etc.).  The  motor  response 
lo  «4iroulaUon  of  the  vagus  trunk  is  lessened,  but  not  abolished.  This 
dougr  does  not  affect  the  contraction  on  direct  muscular  irritation  (ba- 
riua,  strophanthin,  cathartics). 

Tlic  action  consists  presumably  in  depression  of  the  augmentory  vagus 
[CDdtags. 
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Intermediaie  doses  of  atrofnn  (from  therapeutic  to  fatal),  seem  to  act 
differently,  according  to  conditions  and  species.  In  man  (Katsch,  1913), 
in  rabbits,  and  in  some  cats  (Hirz,  I9i3),'they  cause  furtJier  depression  and 
relaxation  of  the  intestinal  tone. 

In  typical  cats  (Magnus)  they  increase  the  movements  of  the  normal 
intestines  (i.e.,  unless  there  is  vagus-spasm).  This  occurs  also  in  the 
excised  intestine,  but  not  in  plexus-lrec  preparations.  The  segmentation 
movements  also  become  more  regular.  The  action  consists  apparent^ 
in  stimulation  of  the  Auerbach  ganglion  cells.  Larger  doses  also  paralyze 
the  inhibitory  splanchnic  endings. 

Extreme  doses  of  airofitn  (so  large  that  they  can  not  be  brouRht  into  action  by  tys- 
temic  application,  but  only  Iwrally  nnd  in  the  excised  intestine)  paralyze  succeisively 
the  ganglion  ccIIa,  the  endings,  and  the  muscle,  thus  destroying  the  response  to  the  miu- 
cutar  poisons  such  as  bRrium. 

In  the  excifteii  inlenlinc-,  the  relative  (lanes  of  ulropin  are  as  rollan-«:  0.1  per  cent.  U 
required  to  produce  deprcsiiion;  a.035  to  produce  stimulatioa;  and  0.0005  to  antagonize 
pilocarpi  n, 

Nicotin  also  has  complex  actions:  In  the  first  place,  it  paralyzes  the 
extrinsic  ganglia  (both  the  vagus  and  splanchnic)  rendering  ineffective 
the  stimulation  of  their  preganglionic  fibers.  The  nicotio  paralysis  is 
preceded  by  a  short  stimulation,  which  occurs  after  degeneration  of  the 
preganglionic  fibers  and  must  therefore  involve  the  ganglion  cells.  These 
effects  on  the  extrinsic  ganglia  are  practically  overshadowed  by  the  periph- 
eral actions. 

Nicotin  produces  violent  peristalsis,  proceeding  to  intense  spasmodic 
contracture.  This  occurs  in  the  excised  intestine,  but  not  in  the  plexus- 
free  preparation.  It  is  therefore  due  to  stimulation  of  the  Auerbach  cells. 
This  stimulation  is  preceded  by  a  temporary  inhibition,  which  appears 
to  be  in  the  endings. 

Very  large  do!(es  (]ocal  application)  abolish  the  fiegmcntation  inavements,  b<n  the 
perlstaUic  reflex  persists.  Large  doses  of  atropin  abolish  the  nicotin  contraction  by 
muscular  paralysis. 

Epinephrin. — This  inhibits  the  normal  intestinal  movements;  as  also 
those  produced  by  atropin,  nicotin,  pilocarpin.  and  strophanthin,  but  ool 
those  of  barium.  This  inhibition  occurs  in  plexits-free  preparations,  and 
after  degeneration  of  the  postganglionic  fibers,  and  is  therefore  located 
the  myoneural  junction. 

Apocodcin  paralyzes  ihc  sympathetic  ganglia,  thus  aboli^iliiiig  inhibition  on 
nic  stimulation.     In  the  isolated  intestine,  it  hrst  stimulates  the  Auerbach  ce 
then  paralyzes  the  cndinjts  or  muscle. 

Autimttmk  Poisons  vn  Wki'lf  Cdls. — The  proportion  of  these  cells  is  changed,  the 
significance  being  obscure.  FHocarpin  and  cholin  increase,  atropin  diminishes  the 
eosinopbiles  and  l>-niphocytes.  Epineplirin  Increases  the  l>'mpbocyte»  but  ilimintUta 
the  eosInopbUcs.     Histamin  also  diminishes  the  eosinuphilcs  (Port  and  Bruoow.  1914) 


ATROPIN 

Summary  of  Actions. — Atropin  and  other  closely  related  alkaloida 
(hyoscyamin,  scopolamin,  etc.)  produce  a  variety  of  peripheral  and  central 
efferts,  namely: 

I.  Complete  paralysis  of  the  peripheral  distribution  (myoneural  junc- 
tion) of  the  parasympathetic  {cranio-sacral  autonomic)  nerves  (oculomotor. 
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Koetoty,  bronchial  musculature,  cardiac  and  intestinal  vagus,  uterus, 
dr.). 

a.  Consequently,  antagonism  to  pilocarpin,  muscarln,  physostigmin, 
etc. 

3.  Slight  stimulation  and  in  large  doses,  subsequent  paralysis  of  smooth 
and  cardiac  muscle  and  other  cells. 

4.  Slight  peripheral  sensorj-  paralysis,  on  local  application. 

5.  Excitation  and  then  paralysis  of  certain  cerebral  and  medullary 
rtotera. 

Thee  actions  find  varied  application  in  therapeutics,  and  are  of  great 
«icntific  interest. 

Qptctftcity  of  the  Autonomic  Actions. — The  peripheral  actions  of  atropln  are  con- 
fined nuinly  to  the  AUxmeDtnr>'  nerves  of  the  cranio- sacral  division  nf  tlie  autoFiumii' 
ttntm.  To  this  there  are  a  few  exceptions;  for  it  affects  also  inhibitory  cranial  nerve* 
(onliac  vagiu)  and  a  few  augmmtory  ani]  inliiliitory  sympathetic  nerves  (uterus  and 
l«f«  jUnd'.''  (Cushny,  1910). 

Occurrence. — Atropin  occurs  in  a  number  of  drugs  {Beliadcmnc, 
Strsm/fnium,  liyoscyamus,  Scopola,  Mandragora,  Duboisia,  etc.)  derived 
from  plants  belonging  to  the  order  Holanacea:  (the  potato  family).  These 
aho  contain  var>-ing  proportions  of  other  alkaloids  (,hyoscyamin,  scopo- 
limin,  etc.)  which  are  closely  related  to  atropin  in  structure  and  in  action. 

The  alkaloids,  as  first  isolated,  were  mixtures;  consequently,  their 
properties  appeared  to  vary  with  the  origin,  and  these  mixtures  were  given 
«ped6c  tiames  (Daturin,  buboisin,  etc.).  The  pretended  difference  be- 
tween scopolamin  and  "hyoscin  "  is  a  survival  of  this  tradition. 

BiMnrkal. —  Relbdonna  received  but  little  medical  notice,  and  »eems  to  have  been 
fatinitoduved  into  practice,  a^  no  anodyne,  about  i8fio. 

The  6iii  indutiitable  notice  of  beiUidonNd  occurs  in  1504.  but  it  then  came  quidcly 
tniuwc  (or  poiftoning  and  tu»melic  purpo:M.-s.  The  namr  .\Ut3\>os,  which  Lino<  gave  to 
•iiplant,  is  from  the  oldest  of  the  Three  Fates,  who  cuts  the  thread  of  life,  neltadnnna 
OMMfnun  the  Italian  "handsome  woman."  as  it  nafi  used  to  give  luster  to  the  eyes. 
^■ctouDt  of  the  »low  course  and  the  obscure  symptums,  belladonna  was  a  favorite 
>U|in)(es<Uooa]  poisoners  in  the  middle  ages,  and  this  abuse  in  regard  lo  several  species 
^DUun  (Stramonium)  has  exi:iled  in  India  since  rfmote  ages.  The  name  itself  is 
btttrit  (DhatoorA). 

U^aKyoMus  was  mentioned  by  Dioscoridcs  in  thi-  fir^t  century,  and  has  been  u&ed 
ttUinoMsly  in  domestic  medicine.  It  was  introduced  into  practice  by  Stoerck  in  the 
■'ddk  of  the  eighteenth  century.  J^lc  als«i  intniduced  StTumonium.  Mandragera 
OUaitAt)  wa5  the  subject  of  some  interesting  medieval  myths.  The  "herbarium" 
B'Amgletus  felewnth  century],  quotes  its  use,  externally,  for  headache  and  insomnia, 
••dotfToally  for  mania. 

Chemical  Structure  and  Relations. — These  alkaloids  are  ester-like 
eoBibinations  of  certain  bases  with  organic  acids  of  the  aromatic  series. 

Alro^in,  (CirHjjNOa),  is  the  tropcic  acid  ester  of  a  base,  tropin,  and  is 
iiotneric  with  Uyoscyamin;  hyoscyamin  being  levorolary,  whilst  atropin 
b  fKemic.  The  esters  of  tropin  are  called  troptins.  Uomotrop'm  is  the 
•toticlic  ester  of  tropin;  and  other  iropeins  occur  naturally  or  may  be 
pn^ed  synthetically.  Tropin  itself  is  closely  related  to  Ecgonin,  the 
hiac  cnnstituent  of  cocain.  Its  effects  and  those  of  a  series  of  its  syn- 
ibetic  esters  have  been  investigated  comparatively  by  Gottlieb,  1896.  The 
naiiu  are  analogous  esters  of  the  base  oscin.  The  tropeic  acid  ester  con- 
stitutes the  important  alkaloid  Scopolamin  or  hyoscin,  (CitHjiNOO. 
Thii  aUo  occurs  in  isomeric  forms;  Atrosctn  (racemic,  corresponding  to 
'Atn^Mo);  and  Scopolamin  proper  ^evorotary  corresponding  to  Hyoa- 
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cyamin).     Atropin  and  Atroscin  are  the  more  stnble  products:  Alkalies 
and  many  other  agents  convert  feyoscyamin  into  atropin,  scopolamin  into 

atroscin. 

Chemic  Constitution. — Tropin  has  the  (ormula 

CH, CH CH,  (a) 


i 


CHr^ 


iH 


HOH  (*) 

I 
CHi 

Ecf-omn  (tlie  base  of  cocain)  is  the  beta  carbo-scid  of  tropin,  one  H  at  (a)  brine 
replaced  by  COOH. 

Atropin  is  the  tropclc  ester  of  tropin,  the  U  at  (b)  being  replaced  by  the  radical 
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The  sulphuric  ester  of  nlropin  in  nearly  devoid  of  peripheral  actions,  vhlle  tbecratrBl 
effccla,  especially  the  respiratory  stimulation,  are  preserved.  Scopolamin-sulphuik 
ester  does  nut  share  tliii  rrspiratury  itction  [Trendelenburg,  igij). 

RdiadiiHnin  ■\r\A  Alrapamin  arc  i.somcnr  alkaloids  (bclladonnicadd  tropdns).  Their 
formula  differs  from  atropin  by  the  absence  of  a  molecule  of  HiO.  They  arc  present  in 
the  plants  in  very  small  amount,  and  it  is  possible  that  they  are  only  formed  during  the 
extfiiction. 

DistributMn  of  Alkaloids. — licUadonna  and  Stramonium  contain  niainly  atropin  and 
hyoscyamin;  one  or  the  other  alkaloid  may  predominate.  The  hyoscyamin  is  the  most 
widely  diatributed  of  these  alkaluid?,  and  is  es[K^ially  abundant  in  young  purls  of  the 
plants,  whereas  older  narts  conLiin  more  atropin.  It  appears  therefore  that  the  byot- 
cyamin  b  the  original  alkaloid,  and  that  it  is  partly  transformctt  into  atropin  in  the 

{>lan[  itself,  and  also  during  ext  raction.  These  plants  also  contain  small  traces  of  scopo- 
amin  and  atroscin,  but  the  lalter  alkaloids  arc  relatively  more  abundant  in  Ilyoseyamtu 
and  ScolNfla,  t3}f.ing  the  principal  port  in  the  actions  of  these  plants.  The  distributioa 
and  vanation  of  the  alkaloids  in  individual  plants  has  been  studied  by  Sievrrs,  1915  and 
t0i4.  This  suggests  the  fcosibthty  ol  improving  the  alkaioidal  content  by  selective 
brce^ling  (Sievcrs,  1915). 

Effects  on  Psychic  Functions.— Therapeutic  doses  of  atropin  have  no 
perceptible  elTecta  on  the  psychic  functions;  but  overdoses  produce  s>Tnp- 
toms  (see  *' Toxicology")  superficially  resembling  alcoboLic  inebriation. 
However,  the  exaltation  and  stimulation  are  more  prominent,  passing 
from  mere  restlessness  to  hallucinauons  and  delirium,  and  even  mania; 
and  the  effects  arc  much  more  lasting.  Similar  s>'mploms  arc  seen  in 
anim.ils.  With  toxic  doses  the  stimulation  passes  into  coma,  convulsions, 
and  asphyxia. 

The  fottfolsioHS  arc  not  entirely  asph>Ttial,  for  they  are  not  abolished  by  artifii 
respiration. 

The  visi^m  is  disturbed  more  than  can  be  explained  by  lo&s  of  accommodation. 

The  motor  areas  in  dogs  are  stated  by  some  observers  to  be  more  excitable,  but  otben 
deny  this. 

In  frogs,  ntropin  first  increa-ses  the  reflexes;  this  is  followed  by  general  paralsrsii.,  and 
this  again  by  late  tetanus. 

Respiration. — Therapeutic  doses,  in  man  (i  mg.  hj-podermically), 
stimulate  respiration,  increasing  somewhat  the  rate  and  minute  volume, 
and  sometimes  the  depth  of  the  respiration.  The  excitability  of  the 
respiratory  center  is  not  incrcase<i  directly,  however;  for  the  aU-eolar 
CO2  tension  is  unchanged,  whereas  it  would  be  found  lower  if  the  threshold 
of  the  center  were  lowered.  The  stimulation  is  therefore  indirect;  being 
due  [Kirtly  to  increased  COa  production  (increased  gaseous  metabolism); 
partly  to  increased  **  dead  space  "  in  the  lungs  by  bronchial  dilation  (Edsall 
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and  Means.  1914;  Higgins  and  Means,  1915).  Toxic  doses  produce  a 
Ule  depression  of  the  center  (Binz,  1896),  which  is  the  usual  cause  of 
death  in  atropin  poisoning. 

Respumtion  In  Animal  Experiments. — The  resulls  have  been  ratlier  conlradictnry; 

Hdoz,  1890,  found  do  appreciable  change  in  the  respiratory  volume  of  rabbits;  Wood 

ind  Ceraa,  1892,  increu:>ecl  rate  and  minute  volume  in  dog^.     According  to  most  ob- 

KTvcrs,  it  eotimtera^.t  rcspiralary  depression  from  chloral  (Ilu&em&nn,  1877)  or  morphln 

[Hcnbach,  1878;  Biaz,  1S8;;  Vullmcr,  1897);  but  others  found  that  itituKments  Ibemor- 

pUndepRttion  (Orlowski.  iSqi;  Unvcrricht,  i8g2  and  1896).     With  7<irj*«r  doses,  the 

pvirtliic  escitcment  and  muscular  actiWty  would  increase  the  respiration  indirectly. 

TtxHdosts  depress  resniralion,  proiiuoing  slowing,  Chcynt-Stokes  li^*e,  and  finally  ces- 

ntioa,    Arlitirta]  respiration  may  enable  an  ;inima]  to  survive  six  time*  the  orJinory 

ftUldoK. 

TlMnpcutic  Use*  of  Respiratory  Stimulation. — The  mcchanbm  0/  this  respiratory 
Ktiait  in  man  would  render  iu  usefulness  doubtful.  On  the  basis  of  the  animal  cxperi- 
■tMl(nliich,  however,  involve  larRcr  doses)  it  has  Urcn  used  againsit  poisoning  by  mor- 
pltia,  ud  as  a  p^ctiminar^'  to  anesthesia,  or  even  a5  a  restorative  in  anesthetic  fatalilieK 
fKet)»teT.  tQosV  It  U  abo  often  used  in  whooping  cough,  but  b  of  doubtful  efBciencv 
((hi!<iof  one  year.  J-fo  '"Ha  S'-  of  Extr.  BetUtlniina,  or  8  to  10  drops  of  Tr.  Rellad. 
tlUte  limes  diuiy,  doubling  the  dose  in  a  week  if  tolerance  is  acquired  (A.  Jacobi,  1907). 

BRONCHIAL  MITSCLE5  AND  GLANDS 

Atmpin  paralyzes  the  innervation  of  these  struclures,  and  therefore 
ifihles  and  dries  the  bronchial  tubes.  The  dilation  is  obtaine<l  in  excised 
on^  of  bronchial  musculature  (Trendelenburg,  igiz),  and  is  therefore 
pcrrpbcral.  These  effects  are  especially  important  (or  relieving  attacks 
olnoHchiai  axthma. 

Amitcotocy  of  Bronchial  Muscle. — This  aUo  has  an  important  bearing;  on  the 
apknalioD  iiia  treatment  of  asthma.  The  bronchi  arc  inncn-ated  by  the  vagi,  which 
Ony  ntainly  constrictor,  but  also  dilator  ("iliers.  The  response  to  drugs  has  been  »tudied 
i>  utoit  animals  by  Dixon  and  Urodie,  1903,  and  by  Sanoz,  1914,  by  recording  the 
acandou  of  the  lung^  under  uniform  urtifictal  respiration.  r>.  E.  juckMin.  1913,  has 
oootioURl  their  work  with  the  extra  precaution  of  keeping  the  blood  pressure  level. 
''^ttiUcfilfurg.  1913.  Boebr  and  Pick,  1913,  and  Titune,  1913,  have  also  checked  it  on 
Aacd  broocnial  muscle. 

ftoMhill  Coiurtrictkia  is  pro<]uced  by  the  drufts  which  stimulate  the  vagus  endings, 
W^uphysoetigmin.  pilocariiin,  musrarin,  cholin,  anaphylfilosin,  peptone,  ergntosin, 
tytiota,  hatamin,  pituitary,  aspidospcrmin,  etc.;  by  those  which  stimulate  smooth 
nock,  inch  OS  barium,  veratrin,  ihc  salts  of  many  metals  (vanadium),  quinin  and  sev- 
^  Mhet  alkaloids,  bromin  vapor,  etc.  It  may  also  be  produced  by  direct  sitJmutation 
■  ihe  nrdullary  center*,  as  by  carbon  dioxid;  or  reflcxly  by  irritation  of  the  mucosa  of 
tat  awe,  Urynx  or  bronchiolea.  N'icotin,  lobelia,  and  curare  and  small  doses  of  {^to- 
"Jptt  pfodace  an  initial  constriction,  followed  by  dilation.  Jackson  attribute*  this 
MOOiiwy  dilation  to  stimulation  of  the  supnircnals.  Muscarin  and  pilocarpin  also 
JWict  ibe  riciscd  muscle;  physostigmin  and  veratrin  do  not.  (E.  Wi-bcr,  1914. 
•■^•tfcil  the  bfonchocori'itrictnr  artitm  i>f  muscarin,  hUtamin,  etc.,  is  larRely  central.) 

jwthkl  Dilation. —This  is  produced  by  drugs  which  paralyxc  the  vagus  endings, 
■frwifly atropin  and  it*  related  alkaloids  (Dreser,  ifUjo;  Kinlhnven,  iSqj;  Rcer,  189J) 
yn» daes  of  atropin  also  depress  the  dilator  cndingt; I;  by  epincphrin,  which  stimulates 
ttartfiUtor  codings;  and  by  cholin,  agaritln.  chloroform  and  ether.  Moriihin  dilates 
« '■•fl  dmes  but  constricts  in  larife  doses.  The  excised  muscle  is  alio  reiaxeil  by  atro- 
P«B  (ifter  a  brief  constriction),  and  by  epincphrin.  The  vapors  of  ether  and  chloroform, 
11  (Wcmtntioitt  even  smaller  than  those  used  in  anesthesia,  affect  the  excised  bronchial 
■■cKctber  (o  3  per  rent.)  producing  dilution,  and  rliloruform  (o.A  per  cent.)  constric- 
hA  Aaiyl  nitrite  and  Mv.Uum  nitrite  givet  a  temporary  dilation;  ammonium  salts 
W^9a  A  alight  diUlion.  Sodium  iodid  and  camphoric  acid  have  no  effect  in  living 
■■iAali.  In  man,  with  i  mg.  of  atropin,  the  increase  of  dead  space  amounts  lo  7  to 
15  prr  cent    f  Higgins  and  Means,  1915). 

Tberapeutic  Application  to  Asthma. — Bronchial  a-sthma  is  comnwnly 
due  lu  spasmodic  constriction  of  the  bronchioles,  produced  in  some  cases 
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reflexly,  in  others  probably  analogous  to  anaphylactic  reaction.    The 
lumen  of  the  broncii  may  be  furtiicr  narrowed  by  catarrhal  swelling 
ihcir  mucosa. 

The  constricted  pas«iages  offer  an  insurmountable  resistance  to  expi 
Uon.  This  is  easily  overcome  by  the  more  powerful  inspiratory  muscles 
(Cloetta,  1913),  so  that  the  lungs  become  overdistended;  but  the  respira* 
tory  exchange  is  greatly  hindered. 

Such  cases  may  be  promptly  relieved  by  atropin  or  epinephrin.  The 
atropin  acts  on  both  the  constrictjion  and  the  hypersecretion.  It  is 
also  effective  against  experimental  bronchial  constriction  (Dixon  and  Lee, 
1912};  and  with  proper  dosage  against  anaphylaxis  (Auer,  1912;  Kersncr 
and  Nutt,  igii).  *It  could  not  he  effective  in  cardiac,  renal,  or  emphyse- 
matous "asthma."  Unfortunately,  it  seems  to  lose  its  effects,  even  in 
what  would  appear  to  be  suitable  cases.  Epinephrin  is  often  much  more 
active. 

Administration. — Atropin  (J^  to  x  mg.,  }4o  to  Ho  K^.)  or  the  drugs 
containing  it  may  be  administered  by  any  channel;  but  inhalation  is  most 
effective  since  it  brings  tlie  drug  directly  to  the  site  of  its  action.  This  a 
accomplished  by  inhaling  the  smoke  of  burning  stramonium  leaves. 

Asthma  Powders  consist  of  atropin-conUuning  drugs,  mLtcd  with  sufGcicnl  saltpe' 
to  insure  their  combustion; /:.g.,  PowfJfred  Stramonium,  3  Clm.;  lobelia,  i;  Anirt,  i; 
PotB5.  Nitrate,  3.     This  dose  ia  burned  ud  a  plate,  ind  the  »mokc  inhaled.     Slntmonium 
cigarettes  an  ijso  used;  the  smoke  of  1  to  1.1$  Gin.  of  stramoBiuin  cootains  0.3  to  0.5 
mg.  ^tropin  (GueotheTr  1911). 
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Single  therapeniic  doses  at  atropin  do  not  usually  affect  the  pulse  rate 
materially;  but  ordinary  experimental  doses  greatly  increase  the  heart  rate 
by  paralyzing  the  vagus  endings.  All  vagus  inhibitions  are  thus  abolished. 
The  blood  pressure  rises  moderately,  mainly  through  the  quickened  rate, 
but  partly  through  central  vasomotor  stimtilation.  If  the  blood  pressure 
has  been  abnormally  lowered  by  excessive  vagus  stimulation,  the  atropin 
rise  will  appear  correspondingly  greater.  The  cutaneous  vessels  are  ac- 
tively dilated  by  atropin,  the  skin  assuming  a  more  or  less  scarlet  color. 
Toxic  doses  paralyze  the  vasomotor  center  and  eventually  also  the  arlcria^i 
and  cardiac  muscle,  so  that  the  blood  pressure  falls  profoundly,  ^H 

Action  on  die  Vtgcs. — Atropin  stimulates  the  va^s  center  in  common  wiUi  tlie  otb^^ 
medullar}'  centers.  It  m.iy  therefore  cau&e  a  slight  primary  sloving;  hot  this  is  mmd 
overcome  by  the  periph^rnl  paralysis.  This  vagus  para!>'sis  rt-sults  in  guichcntdhea^taU 
in  all  aniraais  in  which  the  v;igua  is  tonically  acti\-e  (in  man,  the  cat.  dog,  etc).  In 
completely  atropiaizvd  dogs  and  cats,  the  rate  is  about  140  to  240  per  minute.  Tbe 
va^s  tone  being  small  in  rabbiU  and  in  frogs,  these  arimaJs  show  little  or  no  quick- 
CQing;but  in  these  the  vamis  is  also  paralyzed,  for  its  stimulation  does  not  slow  the  beojt. 
In  man,  the  vagus  tone  \s  greatest  in  middle  life,  less  in  old  age,  and  leut  in  infancy; 
•od  the  resportse  of  the  heart  rate  to  atropin  varies  accordinsly. 

The  dtiratioH  of  Ike  ^nilym  v.tries  with  the  dose,  and  .lUo  with  the  spedea.  It 
lasts  only  a  few  minutes  in  rabbits  (Kossbacb,  i874);longerin  Eoiterousrnbhib.  fFlci«<:h- 
mann,  1911}.  In  dogs  and  cats,  a  partial  effect  persists  for  hours  (Pilchcr  and 
Soil  ma  nn). 

The  dosage  required  to  paj-alyze  the  vagus  has  been  studied  by  Pilcher  andSoO- 
mann,  1914.  It  ts  always  small,  but  varies  somewhat  in  different  aatmals,  even  of  Uw 
same  species,  and  even  for  the  two  vagi  of  the  same  animals;  the  left  vagus  being  mose 
susceptible.  Low  blood  pressure  also  increases  the  susreptibility.  In  every  respect, 
the  susceptibility  to  atropin  is  inverse  to  the  natural  excitability  of  the  vagt.  In  the 
dog,  about  o.oi  mj;.  per  kilogram  lessens  the  response  to  vagus  stimulation  perceptibly; 
and  about  two  to  (our  times  ibis  dose  abolishes  the  response  completely.  When  the 
paralysis  is  incomplete,  a  slight  further  slowing  may  be  secured  by  streogthcDing  the 
stimulus;  but  with  the  larger  dosage  even  the  strongest  stimulus  remains  ineffective. 
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The  vagus  paralv'sis  is  hcaifd  in  the  termination  of  the  vagus  (or  in  the 
receptive  substance);  for  stimulation  of  the  postganglionic  libers  (at  the 
sinus-auricular  junction  of  the  frog)  fails  to  slow  the  heart. 

Atropin  abolishes  cardiac  inkibiiion  by  all  drugs  which  act  through  the 
vagos  mechanism,  whether  they  stimulate  this  rcflexly  (ammonia  or  chloro- 
iorm  inhalation) ;  centrally  (picroloxin  or  veratrum),  or  peripherally  in  the 
ganglia  (nicotin),  or  in  the  endings  (pilocarpin,  muscarin,  physostigmin]. 

SmdUs  of  Vagus  StimuUtloa  After  Atropln. — In  dogs,  when  the  atropia  action  has 
loujtutsofar  ihal  stimtilaHon  ol  ihi:  divided  vagus  trii»k  cmtxscs  no  perceptible  slowing, 
tUl  Etfll  produces  ti  slight  fall  of  blo>xl  pressure;  larger  doses  Bboli.^n  this  response  also, 
Htku  we  iaotm[MC  propprlies  of  the  vagus  terminDtlons  seem  to  be  somewhut  more 
tabtut  th&D  the  chronotropic. 

WIkq  the  iiUact  vagus  i&  stimulated  in  ntropinlzed  mmnmals,  the  blood  prrs!iurr  may 
U  or  rise  by  stimulation  of  the  afferent  vasodilator  or  conBtnctor  fibers  which  run  in 
iliengus. 

la  ttropinized  frogs,  stimulation  of  the  vagus  trunk  quickens  the  heart,  since  this 
curies  the  accelerator  fibers,  which  arc  not  ancctcd  by  atropin. 

JUiia-T«ntricalar  Rhythm. — This  may  occur  in  man  from  (li>ses  of  i  mg.  Tt  9etn  tn 
■Jtlua  S  to  10  minutes,  and  soon  reaches  a  maximum,  and  then  disappean.  Wilson, 
iVl5,ia>umes  that  atropin  releases  the  A*V  tissue  from  vagus  control  somewhat  before 
il  iclBuat  the  sinus. 

kflmac*  of  Heart  Rate  on  tiie  Output  of  the  Heart. — The  output  of  the  hentt  for  a 

rn  tiioe  Is  the  product  of  the  amplitude  and  rate  of  its  excursions.  The  removal  of 
Bonnsl  ^'sgus  inhibition  greatly  increases  the  rate;  but  when  the  rale  exceeds  80 
po minute,  ihu  tends  to  lessen  the  amplitude  of  the  excursions;  for  a  faster  rate  does  not 
permit  time  for  the  complete  diastolic  tilling  of  the  heart.  The  output  is  therefore  not 
pnpartMiuU  to  the  rate,  if  this  exceeds  80  per  minute  (Y.  Henderson^  1909).  If  the 
■tnatA'^nilume  with  the  rate  of  (^  t>e  taken  as  too.  it  would  be  about  40  per  cent,  at 
tlktnte  of  30;  75  per  cent,  at  60  beiils;  120  lu  140  ix-r  cent,  between  no  to  240  brats; 
wd  100  per  cent,  at  300  beats.  The  approximate  mflucDCC  of  the  atropin  quickening 
•e  the  output,  and  through  it  on  the  blood-pressure  can  be  easily  deduced  from  this 
ti^btit  It  must  Qot  be  forgotten  tbut  atropin  also  has  other  actions  on  the  circulation. 

Thtnpeutic  Use  of  Vagus  Action. — The  paralysis  of  the  \'agus  endings 
iwfitttcs  atropin  (i  to  2  mg,,  }'^q  to  ^-30  gr.,  h'}T>odermically,  repeated 
u  Deeded)  in  conditions  of  excessive  vagus  stimulation,  such  as  cerebral 
pWBore;  the  reflex  vagus  inhibition  of  chloroform  anesthesia;  operations 
»bout  the  vagus  trunks,  etc.  Atropin  also  abolishes  such  cardiac  irregn- 
.hritiestts  arc  due  to  heightened  vagus  excitability  (pulsus  respiratorius), 
[udiiniay  be  used  to  diagnose  whether  a  cardiac  slowing  is  due  to  vagus 
■tinuiltlion.  (Tt  has  no  effect  in  complete  heart-block;  van  Egmond, 
t9lj). 

Mkw  fia  Cardiac  Hosde,— Atropin  ha-s  a  slight  direct  effect  on  the  cardiac  musde, 
*Sic^cu  be  observed  in  the  isolated  heart,  and  also  on  the  nervc-frce  heart  of  the  cmbry- 
•■idlick.  Small  doses  stimulate  the  musrle,  causing  an  inrrci&ed  Innus,  greater  ex- 
(■■Isv^  aikd  some  stoning.  An  exhausted  frog's  hc;irt  may  be  made  to  f>t>at  again. 
'■**9i  dMe»  dtminiah  (he  tonus  and  may  slow  or  quicken  the  rate.  Finally  the  heart  Is 
PWlyied,  but  only  after  the  vasomotor  center.  Indeed,  ihe  effects  on  the  heart  muscle 
Iff  ao(  of  any  importaacc  In  the  sytemic  action  of  the  drug,  being  overshadowed  by 
*e  Mhrr  effects. 

h  the  vuiied  mammiiii,iH  heart  (LangendorfT  method)  .uropin  provokes  rhythmic 
Esetractlooa  of  the  apex  after  the  base  is  clamped.  This  requires  larger  doses  than 
Mmded  for  paralyzing  Ihe  va^us.  These  large  doses  may  also  restore  the  beat  when 
B  hu  been  arrested  by  muscular  ptwsons  iLuchsiagcr.  1881). 

la  Atfod  «itimali,  atropin  increases  the  auricular,  but  decreases  the  \-entricu1ar 
■ftiimy  (W1nc«.  i9i6>. 

VtunolorCcilter. —  Sollmann  nnd  Pilcher,   1910.  have  shown  by  their  perfusion 
ll»t  this  is  moderately  stimulated.    The  stimulation  is  not  suthcicntly  marked 
:  a  rise  of  pressure  when  orditiar>'  doses  arc  injected  after  di\-iding  the  vagi. 
LMitfe  daaca  of  alropin  prevent  the  depressor  action  of  cholin  {g.t.). 
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Pulmonu;  Vessels. — Atro^in  has  no  effect  on  the  normal  vesscb.  but  nmovct  the 
con-striclion  of  pilocarpin  or  hislamin  (Berezin,  1Q14). 
Cerebral  Vessels. — These  arc  dilated  (Bcrcxin,  1916). 

Cutaneous  Circulation  and  Skin  Eruptions. — Alropin  produces  intense 
scarUl  jhishin^  of  the  skin^  particularly  of  the  face  and  chest,  occurring  as 
extensive  erythematous  spots,  or  as  a  continuous  ery/itema  (which  has  some- 
times been  mistaken  for  scarlatina).  This  effect  is  much  greater  in  some 
patients  than  in  others;  it  may  occur  with  therapeutic  doses.  It  is  due  to 
dilatation  of  the  cutaneous  vessels  (vasodilator  stimulation),  with  in- 
creased general  blood  pressure.  This  hyperemia  may  be  so  intense  as  to 
lead  to  desquamation. 

TEMPERATURE 

Atropin  suppresses  pcrspiralion,  and  thus  causes  a  rise  o(  Umpfrattire  with  mod<rait 
iosts,  notwithsunding  the  cutaneous  vasodilatation.  .'Vnimals  whicb  do  not  pf>sicu 
sweat  Rlunds  (doit)  do  not  show  this  rise.  Larger  dojrs  produce  a  full  of  trroperature 
from  .1  le<i.<.i-ned  hrat  production,  the  result  of  the  general  deprcsiion.  Tbc  oiial  con- 
vulsions may  again  cause  a  rise. 

GASEOUS  METABOLISM 

This  is  increased  by  therapeutic  doses  (i  nig.)  in  man  (Edsall  aDd  Means,  1914; 
Higgins  and  Mean;;,  1915}- 

ACTIONS  ON  THE  EYE 

Atropin  dilates  the  -pupil  (mydriasis)  and  renders  it  insensitive  to 
light.     It  also  paralyzes  accommodation  (cycluplcgia).  the  lens  being  ad- 


Pio.  to. — IimervBiion  of  irii  (&d«pli)<l  from  P.  Schulu):  Solid  tine  •>  «rti)p«tli>u<:  (dlUta*}; 
(lulled  line  •■  iiculomotor  Uunxmctar);  cottnt:  dotteil  ltn«  ~  trigMnitukl. 

justed  only  for  far  vision.  These  actions  are  entirely  peripheral  and  con- 
sist in  paralysis  of  the  oculomotor  endings.  The  intraocular  tension  in 
glaucoma  is  increased  through  the  mydriasis. 

The  atropin  effects  may  be  removed  by  drugs  which  stimulate  ihcoci 
motor  endings  (pilocarpin,  physostigmin,  muscarin);  and  vice  vtrsa. 

The  atropin  mydriasis  and  cycloplegia  are  ver>'  persistent;  the  mydria* 
sis  especially  may  persist  for  several  days.  The  ocular  actions  are  pro- 
duced to  a  varying  degree  by  all  the  atropinoid  alkaloids. 

Localization  of  Actions  oa  the  Pupil. — To  understand  the  pharmacoloKy  oJ  the 
intercKtin^  pupillary  reactions,  it  is  necessary  to  recall  the  anaiomical  rdationt  pf  tkt 
iris  methanism  (see  Fig.  10). 
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TI1C  iris  cootaios  two  ku  of  smooth  muscle  fibers,  the  sphincters  and  dilators. 
Hie  sphinctera  ire  innervated  by  fibers  contained  in  the  oculomotor,    "niese  ter- 
miute  around  the  cells  of  the  ciliary  ganglia.     From  here  the  fibers  pass  as  the  tWI 

Tm  nerve  fibers  for  the  dilators  run  in  the  eerviccl  sympathetic  and  terminate  in 
}iKnp9ii>r  etnical  tanglion.  The  fibers  which  arise  from  here  ro  directly  lo  the  dilator 
■ade  withuut  pacing  through  any  other  cvUs.  They  run  tu  the  Gasserian  ganRlion, 
vbcra  they  join  tlie  first  branch  of  the  trigeniinal,  and  go  £rom  here  as  the  tomg  ctltary 
ta  the  muscle. 

SlfBHiktioo  of  the  Sympathetic  Mechanism,  in  any  of  its  parts,  results  in  (sub- 
aimulj  dilation  of  the  pupil,  with  little  dbturbance  of  accommodation;  in  exopbthal- 
1101  uid  separation  of  the  eyelids;  and  in  constriction  of  the  ocular  vessels.  These  are 
iktflects  produced  by  the  drugs  which  stimulate  the  sympathetic  division;  typically 
broKdiii;  lcs&  typically  by  cpinepkrin,  for  this  can  produce  mydriasis  only  if  the  oculo- 
fltotor  tAnc  js  low,  or  if  the  sympathetic  endines  arc  hype rcxci table. 

Sdamlatioa  of  the  Oculomotn' Mechanism,  in  any  of  its  parts,  results  in  constrictioo 
oIUk  pupil  (miosis),  spasm  of  accommodation,  and  lowering  of  intraocular  pressure. 
These  ore  the  i>-pic.il  elTects  of  the  drugs  which  stiraulate  the  cramo-sacral  division — 
fitwfiit  vxilpkysosligmift,  etc. 

Vtalf^olthK  Ocutomotor  Mechanism  would  have  the  opposite  effect;  namely 
tk«  just  described  for  "'Atropin."  (The  asphyxicl  dilation  of  the  pupils  is 
pnUbTy  due  to  paralysis  of  the  oculomotor  center.) 

Ocokmotor  Tone. — The  iris  appears  to  be  normally  controlled  chiefly  by  variations 
b  the  oculomotor  tone,  the  sympathetic  playing  mainlj)*  the  part  of  a  rca^rocal  antago- 
Irat— tlat  b,  it  is  stimulated  when  the  oculomotor  is  inhibited,  and  vue  versii.  The 
|mm|  oculomotor  (constrictor)  tone  is  normally  held  in  check  by  a  great  variety  of 
iKmoTf  Bad  psjxhic  impulses.  When  these  inbihitury  impulses  are  abolishetl  (/.(.,  by 
riecLautotu,  and  in  a  specific  rnanner  by  morphin}.  the  pupils  arc  constricted  by  the 
UKBtcked  ocalamotor  tone.  On  the  other  hand,  wlien  the  inliibitor>'  impulses  are 
Kubnnl,  the  pupils  dilate.     This  occurs  in  excitement. 

Causes  erf  Mydriasis. — Mydriasis  can  be  due  to  anv  of  the  following 

Stimulation  of  the  synipathL'tic  mechanism  (coeain). 

P»ralysis  of  ihe  ociUomolor  mechanism,  peripheral  (atropin)  or  cen- 
inl(Kphyxia). 

Ificreawd  inhibition  of  the  oculomotor  center  (excitement). 

Causes  of  Miosis. — These  may  consist  in: 

Stisislaiion  of  the  oculomotor  mechanism,  peripheral  (pilocarpin, 
I^TMipiun),  or  central  (picrotoxinl. 

lessened  inhibition  of  the  oculomotor  center  (sleep,  narcosis,  mur- 
pbio'i. 

Pwalysis  of  the  sympnthetic  mechanism  (practically  unimportant.) 
Si^crenental  Localization  of  the  Atropin  Mydriasis. — Atropin  dilates 
U*  popil  on  local,  as  well  as  on  systemic  application.  The  mydriasis 
tatmta  conBned  to  the  eye,  and  even  to  that  side  of  the  eye,  to  which  it  is 
•PP*«d.  The  dilation  is  profluced  in  the  excised  eye  of  the  frog,  and  even 
io  the  ijulatcd  iris.'     Its  action  must  therefore  be  peripheral. 

The  constrictor  response  to  stimulation  of  the  oculomotor  nerve  is 
*W»Itol  by  atropin.  Stimulation  of  Ihe  postganglionic  filicr  (short 
fSary)  is  also  ineffective.  The  oculomotor  mechanism  is  therefore 
paralyztti  peripherally  to  its  ganglia.  The  iris,  however,  still  contracts 
10  'iirect  dectric  stimulation,  so  that  the  muscle  fibers  are  shown  to  be 
BBMHttied.  The  paralysis  must  therefore  he  located  in  the  oculomotor 
csdmn  or  in  the  receptive  substance.  This  is  as  far  as  the  analysis  can 
be  mMy  carried. 

TW  HihsTfaif  nf  Itif  Sympathetic  DQator  Mechanism.— There  has  been  considerable 
dbcvaloB  u  to  whether  itropin  in  addition  to  paralyzing  the  oculomotor,  al&o  stUnu- 

'Ipln  rfUeU  may  be  obtoicubi  fmm  atropin  nod  phjmatiimui  for  tbrM  or  four  boan  aft«r 
"iM  tWlwman  rr«  (Otoonow,  1910). 


384 


MANUAL  or  PHARMACOLOGY 


tales  the  sympathrtic  mccbanism.  The  queslion  may  cow  be  safely  answered  in  (be 
sense  that  there  is  nu  diret-t  iiympalheUc  stimulation  by  atroj>io;  for  stimuiatioD  of 
the  sjTi pathetic,  electrically  or  by  cocain  causes  a  further  dilation  of  the  pupil,  evea 
after  maximal  duscs  of  atropin.  The  alropinizcd  pupil  constricts  somewhat  when  the 
sympathetic  is  divided;  but  this  is  the  nntural  result  ui  culling  ofl  the  tonic  sympathetic 
impulses.  It  has  been  argued  that  the  atropin  dilation  ciui  not  be  a  passive  process, 
since  it  is  of  sulTicient  force  1»  tenr  firm  ndlicsions  of  the  iris.  7*his  merely  shows  that 
the  dilator  muscle*  contract  actively;  but  their  contrarlion  is  simply  the  result  of  ihe 
vrilhdraniil  of  the  conslriclor  tune,  and  need  not  involve  a  direct  stimulation  of  the 
symiwtln-'tic  mcchani-im.  It  Is  quite  probable,  however,  that  the  natural  sympatbetJc 
tone  is  heightened  when  the  constrictor  tone  n  wiUtdrann,  for  this  would  hannooize 
with  the  jifni-fiil  law  <if  nviprrxral  iiiiiir\atiiin. 

Direct  Actions  on  th«  Iris  Muscle  and  CiUary  Gaa(Ua.^The  statement  that  the 
muscular  dbcr«  arc  not  affected  by  alropin  must  be  limited  to  moderate  doses.  Id 
Kreater  conrentration  (according  to  most  obscrA-cr^)  it  al  lirst  stimulates  them,  produc- 
ing a  temporar>-  narrowinK  of  the  pupil;  later  it  paralvKM  them. 

Direct  application  of  very  strong  solutions  to  the  ciliaT>-  ganglion  abo  deprenes 
this  structure. 

The  iris  of  birds  is  not  dilated  by  atropin,  but  by  curare,  since  it  consists  of  Btripe<i 
muscle. 

Changes  in  Intraoctilar  Tension.— AU  mydriatics  tend  to  increase 
intraocular  tension  in  glaucoma,  althougit  not  in  the  same  degree.  Con- 
versely, the  tension  is  lowered  by  miotics.  Neither  has  much  effect  on 
the  normal  intraocular  tension  (Wessely,  1905;  Bollet  and  Curtil,  igti; 
Luebs,  1913;  Myashita,  1913). 

Mechanism  of  the  Change  in  Tension.—It  is  commonly  assumed  that  the  rise  of 
pressure  in  mydriasis  is  produced  mainly  by  lessened  filtralion  of  the  aqueoa<^  humor 
into  the  venous  sinuses  of  the  channel  of  Fontana  and  canal  of  Schlrmm.  These  Ue 
in  the  anRle  of  attachment  of  ibe  iris,  and  would  br  tompreiwed  by  the  contraction  of 
the  ciliary  muscle,  and  by  the  crowding  back  of  the  iris.  Miosis  would  have  iJie  oppodie 
effect  (especially  in  glaucoma;  in  the  normal  eye  miotics  arc  said  to  lower  the  preraure 
very  Utile).  The  intraocular  tension  ts  also  conlmlli-d  by  Ihe  blood  pressure  in  the 
vessels  ol  the  iris  (Leber),  and  would  be  Itiwered  whenever  these  arc  ischemic,  either 
through  fall  of  the  general  blood  pressure  {relatively  little  influence;  Kochmann  and 
Roemer.  1014);  or  through  local  vasoconstriclian.  The  vasoconslricun^  cocain,  there- 
fore, generally  lowers  intraocular  tension,  although  it  produces  mydriasis;  and  it  is 
claimed  that  alropin  also  tends  to  lower  the  pressure  in  the  Hormat  eye.  ExceptiooaUjTt 
however,  glaucoma  has  been  reported  after  cocain,  bolocain,  and  even  after  cpiDephnn 
(Gifford,  1916). 

GUucoma. — ^Thc  phenomena  of  this  very  serious  eye  disease  depend 
mainly  upon  excessive  intraocular  tension;  due,  presumably,  10  blocked 
drainage  (Schoenberg,  itji.s).  It  is  therefore  treated  by  miotics  (see 
physosligmin);  and  it  conlraindicates  the  employment  of  mydriatics. 
If  their  use  is  indispensable,  the  choice  should  fall  upon  cocain;  and  If 
cycloplcsia  is  necessary,  the  briefly  acting  horaatropin  would  be  preferred 
to  alropin. 

Practical  Application  of  Atropin  to  the  Eye. — The  effects  of  atropin 
are  utill/cd  mainly  for  paralyzing  the  ciliary  muscle  to  facilitate  ophlhail- 
moftcopic  examination;  and  in  the  trcatmcnl  of  iritis. 

For  diagnostic  work,  the  persistent  cycloplcgia  is  often  objectionable, 
but  in  other  cases  the  enforced  rest  of  the  eye  may  be  desirable.  The 
atropin  can  be  temporarily  antagonized  by  physosligmin;  but  if  a  short 
action  is  preferred  the  less  persistent  homatropin  may  be  substitated. 
This  is  also  much  less  liable  to  provoke  glaucoma.  However,  homatropin 
should  be  used  as  dilute  as  possible  (i  or  2  per  cent.),  and  follow-ed  by 
phv-sosliRmin,  0.2  per  cent.,  a  drop  three  times  daily  until  the  pupil  and 
accommodation  have  returned  to  normal  (Gifford,  1916). 

In  iritis,  the  atropin  mydriasis  is  used  to  secure  rest,  to  prevent  adhe- 
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fiouof  the  iris  to  the  lens,  or  break  them  if  already  formed;  and  to  effect 
KBomed  favorablf  changes  in  the  circulation  of  the  iris.  It  is  also  a  weak 
aaesthetic.  The  more  prolonged  action  of  atropin  causes  it  to  be  preferred 
for  thi*  purpose. 

Administration  to  Eye. — ^The  atropin  is  always  applied  locally,  by 
dropping  an  aqueous  solution  of  the  sulphate,  or  an  oily  solution  of  the 
ftee  alkaloid,  on  the  cornea;  or  by  placing  impregnated  gelatin  discs 
{lamdUB  Atropina,  B.P.,  J^.ooo  Bf.)  in  the  conjunctival  sac.  Watery 
totulions  tend  to  flow  into  the  lachrymal  duct,  thereby  lessening  the  local 
ftClioD,  and  tending  to  systemic  poisoning.  To  avoid  this,  but  a  single 
rfropirfa  I  percent,  solution  should  be  applied  at  a  time,  and  the  lachrymal 
su  should  be  compressed  with  the  finger.  Kor  continued  use,  in  iritis, 
^ter  dilutions  may  be  employed,  down  to  Vf  o  per  cent,  (even  i  :  100,000 
IS  somewhat  effective).      The  effect  is  increased  by  the  addition  of  cocain. 

Dwilioa  of  Action  of  Atropin. — With  a  single  drop  of  i  per  cent,  solution,  the 
ognliiasis  reaches  iu  maximuni  in  about  twcnty-dv-c  miauics.  the  cycloplcRia  in  about 
t>o  boon.  The  cydoplegia  dt^ppcars  in  two  or  three  day%  (seven  to  nine  Atyt  if 
thr  appliotioo  has  been  continuousl;  the  myHri.iAfs  cndurc<i  even  longer,  ten  to  twelve 

Sid*  Actions. — Besides  the  increase  of  tension,  atropin  causes  photo- 
pboln  (because  of  the  irresponsive  pupil);  and  micropia,  from  the  loss 
d  Bccommodation. 

Id  scn^tive  individuals,  atropin  produces  some  conjunctivitis,  and 
nrtly  edema  of  the  eyelids.  If  it  is  used  carelessly,  it  may  give  rise  to 
BjManic  poisoning,  headache,  dryness  of  the  mouth,  palpitation,  etc.  A 
Specks  oC  chronic  poisoning  may  occur  in  this  way  (Tyrrell,  1906). 

If  atropin  causes  the  local  irritation,  scopotamin  should  be  substi- 
tuted, since  this  may  he  used  in  one-fifth  the  concentration. 

Substitutes  for  Atropin. — These  fall  into  two  classes:  (i)  Those  which 
produce  mydriasis  without  cjxloplcgia  (Euphthalmin,  Ephcdrin);  and 
,  \i\  those  which  produce  both  mydriasis  and  c>'cloplegia  (Atropin,  Hyo- 
Kywnin.  Scopolamin,  Eumydrin,  and  Homatropin^in  the  order  of  the 
pcrsbtence  of  the  cydoplegia).  Of  these,  atropin  is  the  standard,  the 
oAen  being  osed  only  when  it  is  contralndicatcd. 

Thcactiaa  of  hyo«cy&niln  is^mitar  to  atropin,  but  it  is  effective  in  About  ODe-balf 
llttCtMcaitntion.     Scopolamin  is  effective  in  ooc-gfth  the  conccDtmtion. 

Qualitative  DM-aAuirmrnts  of  the  relative  cSicirncy  of  mydriatics  and  miotics, 
■(■t tsd  cofflbioed,  arc  f(iven  by  Jackson,  1895;  by  Cnibe,  Hjioy.  by  Horovitz,  191a; 
■sd  ^  jgadumoglu.  iQiS- 

IWk&ovuw  tatilc  ahom  tJie  streagtb  of  solutiona  usually  employed  for  opbthaimo- 
*wA *■  ■■■.■^Am—  •  mid  \\ut  ordinar>*  duration  nf  their  ar(iaR'>. 
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PREPARATIONS — S^-NTnETIC  MYDRIATICS 

*IIcmatropin<r  l{y4robromi4utn  (Homolrop.  Hydrobr.),  U.S.P.,  B.P.;  CitHnOr 
N.HBr. — Mandclic  ester  of  tropin.  Freely  sol.  in  water  (it  6);  sol.  in  ale.  (1:40) 
Instilled  as  I  to  3  per  cent,  solution.  Dose^  0.5  mg.,  ^30  K^'-i  U.S.P.;t  to  2  mg.,  ^^  to 
H2  K""-!  ^-P-     Maximum  dose,  2  mg„  Wg  gr. 

Systemic  actions  similar  to  atropin,  leas  toxic.  Ila  action  on  the  vagus  U  purely 
paraJyUc,  but  wi-akcr  than  utrupin  (Zulick,  1915). 

Lam.  /Iiymairop.,  B.P. — 0.65  mj;-,  Hofi  K'- 

Eumydrin,  X.N.R.  (Melliylatrojnn  NiLratc.)^Readily  sol.  in  water.  It  agrees 
ver>*  closely  willt  atropin  In  systemic  actions,  and  may  be  sub«tiluted  for  it,  in  ibt  same 
dosage;  in  eye,  j^  per  cent.  Its  tomity  is  about  one-fifLiclh,  and  its  mydriatic  strenfth 
ooe-tenth  intt  of  atropiii.  Coolxnucd  u&c  often  leads  to  tolerance  (Seifcrt,  Ncbenwirk., 
lyiS.  p.  66). 

BupkiHaitHtn  ItydrocUcrid,  N.N.R. — Closely  related  to  betacucain  in  composition. 
It  is  readily  soluble  in  water;  a  to  3  drops  of  5  to  lopcrcvnL  solution  are  instilled.  Side 
actions,  Scifcrt,  Ncbenwirk.,  1915,  p.  66. 


PARALYSIS  OF  SECRETIOHS 

Atropin  and  the  related  alkaloids  arrest  all  secretions  which  depend 
upon  central  innervation:  This  includes  the  sweat,  saliva,  tears,  mucus, 
gastric  juice  and  ordinary  pancreatic  secretion;  but  not  the  urine,  milk, 
bile  or  secretin  pancreatic  secretion.  The  action  is  localized  in  the  neni'e- 
endings  or  receptive  substance,  and  is  mutually  antagonistic  with  the 
pilocarpin  action. 

Suppression  of  Saliva  (Antasialogogue  Action). — ^Thc  submaxillary 
glands  furnish  a  classical  object  for  localizing  the  action  of  Atropin. 
This  suppresses  the  secretory  response  to  chorda- tympanic  stimulation, 
even  when  this  is  applied  at  the  hilus  of  the  gland,  i.«.,  to  the  postgangli- 
onic fibers.  The  paralysis  must  therefore  be  peripheral  to  these.  The  cells, 
however,  still  respond  to  sympathetic  stimulation,  so.  that  the  paral>'si5 
must  be  in  an  intermediary  substance,  in  the  nerve-endings. 

Thi?i  .-u-Kumcnt  involves  the  assum^ption  that  the  cTioriia  lympan!  and  the  sympa- 
thetic act  upon  the  same  cells  in  the  salivary  gland.  This  is  doubted  by  A.  P.  Mathews, 
and  bv  fln^keli,  igi6.  The  evidence  iSj  therefore,  not  as  conclusive  as  in  the  case  of 
smooth  .i.nd  cardiac  muscle,  where  the  excitability  of  the  contractile  subsunce  can  be 
confirmeil  by  direct  stimulation;  but  tlie  analogy  is  otherwiiie  so  complete,  that  the  con- 
clusion is  fairly  safe. 

Lan;e  do^es  of  atropin  inhibit  ul»o  the  response  to  sympathetic  stimulation  (Cannon 
and  Cattell,  IQ16);  perhaps  by  paralyzing  the  setrelory  cell.i  directly. 

In  man,  Ewing,  191 1,  found  that  o.;  to  i  mg.,  by  mouth,  caused  a  marked  decrease 
in  the  volume  of  saliva  secrcii^.  The  prrccntaRp  of  organic  scJids  was  somewhat 
diminishciJ;  the  percentage  of  inorRanic  solids  showed  only  a  trifling  decrease.  The 
percentaRe  of  ptyalin  fell  markedly,  but  recovered,  or  was  even  somewhat  increased, 
long  before  the  volume  or  ."iolids  had  relumed  to  normal. 

Vasodilator  Fibers  of  the  Chorda  lympaoi  Nerve. — These  are  not  affected,  so  that 
stimulation  of  the  atropinized  nerve  still  dilates  the  vessels  and  produce:^  an  increased 
venous  outflow  from  tnc  inland.  {The  cfTects  of  atropin  and  jnlocorpin  on  the  sub- 
maxillar\'  tirculalion  arc  discussed  by  Henderson  and  l,oewi,  1905.) 

ARtagonism. — Atropin  cotnplctcly  suppresses  the  nicuiin  salivation  (.unce  this 
stimulates  the  ganglion  cclU);  it  is  mutually  antagoai.tlic  with  pilocar[»n.  etc..  but  the 
atropin  action,  as  usual,  ten(U  to  be  the  stmnger.  ft  h  aUo  said  to  suppress  the  mer- 
curial salivation,  but  not  the  "paralytic  secretion"  which  sets  in  when  the  divided 
nerve  degenerates. 

Practical  Significance  of  the  Antislalogogue  Action. — ^This  is  mainly 

a  rather  uiipk-iiiitiil.  side  cfTcct  in  tht:  thcrapt-ulic  use  of  ihe  drug.  Small 
doses  (0.5  mg.)  may  be  employed  to  suppress  practically  any  form  of 
pytalism.  It  is  not  much  used,  since  the  benefits  scarcely  offset  the  in- 
conveniences attending  the  use  of  the  drug. 
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Soppression  of  Mucous  Secretion. — This  may  be  emploi'ed  in  the  hj-pcr- 
lon  of  cor>-za,  hronchorrhea,  ether  anesthesia,  etc.     Minimal  doses 
f-llropLn  are  used  to  abort  incipient  colds  (0.5  mg.,  H20  gT-  or  less,  in  a 
glass  of  water,  sipped  slowly  in  the  course  of  an  hour — Kohnstamm,  1906). 
The  cutaneous  vasodilation  may  play  a  part  in  this  abortive  action. 

Suppression  of  Sweat  (Anhydrotic  Action), —  This  is  one  of  the  earliest 
ftClioDS,  and  can  be  secured  with  small  doses  (0.3  to  i  mg.,  ^'^00  *"  ^^0 
p.,  hj'podcrmically).  It  is  the  most  effective  means  of  suppressing  the 
nightswcats  of  phthisis,  but  the  relief  is  only  symptomatic,  and  scarcely 
juitifies  the  inconveniences. 

Odier  Anhydrotics. — ^The  nightsweats  may  also  be  suppressed  by 

Etcepoiamin  or  eumydrin.  Agaric  add  also  causes  a  peripheral  paralysis 
of  Ibe  sweat  glands,  but  is  uncertain.  Camphork  acid  has  been  employed, 
Iwtit  docs  not  act  upon  the  sweat  glands.  If  it  has  any  effect  (which  is 
doubtful),  it  must  be  indirect,  through  improvement  of  the  respiration. 
Local  measures  are  often  preferred,  especially  for  local  hj'perhydrosis: 
Spon^g  with  cold  lotions  containing  alcohol,  dilute  acids,  tannin,  salicy- 
Be  iad,  formaldehyd,  etc.  Dusting- powders  are  likewise  useful  (talaun 
filh  5  per  cent,  of  salicylic  acid  or  10  per  cent-  of  boric  acid). 
Adimn  Agaricum,  N.X.K.,  and  the  impure  mixture  Agaricinum,  is  deriverl  from  a 
QjBRIof  the  Imrch  tree.  It  is  a.  white,  ouor)c»s  and  tasteless  crystalline  powder,  but 
■tiflOllf  loluble  ID  cold  Wilier  »nd  alcohol. 

IV  tnbydrotic  action  of  agaric  acid  is  peripheral,  and  probably  resembles  atropio, 
b*!*  Biucb  weaker.  The  cQect  appears  ia  a  few  buurs,  and  is  not  lasting.  It  does 
M  Kt  00  any  other  Rland.i,  and  has  none  of  the  other  actions  of  atroptn.  It  is  a 
Iwl  imi*nt  (and  ibcrcfon:  caonot  be  given  hypademucally).  Large  doses  produce 
*nnin^  diarrhea,  and  death  through  central  paralysis  (linfmcltter,  1AS8.1.  The 
■■anuun  single  dtfse  should  not  exceed  0.03  ("im.  (\i  gr.) ;  and  the  daily  dose  should  be 
"do«  0,1  Cm.  {i\i  gr.),  Aa  habituation  occurs,  it  is  Iwlter  to  start  with  0.5  mg. 
^^  'Hu  ST-).  ClinicaJ  oiunions  difTcr  as  to  its  value. 
^H  imiwm  TtliuraU  appears  to  act  .sinulorly,  but  b  objcctionat>le  on  account  of  the 
^H    ICQBlail  garlic  odor  which  it  gives  to  the  breath. 

H  Gtstric  Actions. — ^The  secretion  of  gastric  juice,  and  especially  of 
H  Mfochluric  acid,  is  diminished  or  suppressed,  through  paralysis  uf  the 
H  factory  vagus  emlings  (Chiari,  1015).  The  motor  activity  (pyloric 
r  ^*iiri,  etc)  is  also  depressed  by  the  vagus  paralysis  (Auer  and  Mdlzer, 
'  'P*).  Both  actions  make  atropin  useful  in  h>-perchlorhydria,  gastric 
*'Jctr,  tumors,  etc    It  is  especially  indicated  (0.5  to  i  mg.,  J-^jo  to  J-^o 

?'-.  before  meals)  m  acute  conditions  with  severe  pain  and  vomiting 
Miihieu  and  Girard,  1013;  A.  Schmidt,  1914).  It  has  been  used  in 
*««ti(4iM«  (atropin,  0.5  mg.;  strychnin,  i  mg.,  h\*poderraically — Girard, 
*jc6).  The  sojourn  of  meat  in  the  stomach  is  delayed  by  Large  doses 
^  Uropin  (Tysebaert,  1912). 

^atifloaisn)  to  Emeticft. — Kggleslon,  iqi6,  finds  that  very  snuill  doses  ol  atropin 

'  ni.  ycT  kilui(ratnl  prevent  the  emetic  action  of  pilocarpia  and  nicotin,  but  not  of 

-^otptun,  mnrpliiii,  uuaUiin  »r  enielln.     The  ant-emetic  duse  bring  smaller  than  IS 

'*^Nna  against  peripheral  actions  of   pilocarfdn,  suggests  that  atropin  depresses  aa 

•^^tcraier. 

^^Brrwratic  Jaica. — Atropin  siinpre^<ies  the  increa-ie  of  pancreatic  sccrcticHi  which 
^^*uily  (dUows  stimulation  of  the  vagus  or  the  administration  of  pilocarpin.  cholin, 
^  Urgt  down,  however,  provoke  a  pancreatic  flow  in  the  dog  (Popielski,  1896; 
'^"st"*^.  i9«36);  the  mechanism  of  this  peculiar  action  is  not  understood;  it  may 
^■"  -ted  with  lUf  actions  on  the  liver. 

^  rtn  dow,  atroptn  has  no  direct  effect  (Chiari,  1915),  but  since  it  dimin- 

^  liir  ^r^^c^l'l^  of  acid  in  the  stomach,  it  probably  lessens  the  production  of  secretin 
"^tttly,  and  hence  interferes  nith  the  ph>'sto[ogic  pancreatic  secretion. 
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The  pancrcatk  stimulants  which  art  aalagonized  by  alropin  >'icld  active  Juice, 
wbcrenft  Ihase  whiih  arc  not  affected  by  stropin  require  the  addition  of  erepsio  (Camui 
and  Oley.  1Q05). 

Uiic  Acid.—Atroptn  i»  said  to  prevent  the  increase  of  uric  add  thst  nomully 
foltom  the  ingestion  of  food;  presumably  by  preventing  the  secretion  of  the  diRe^tive 
Juices  (Mendel  and  Stchlt,  1915].     It  also  prevents  the  atophan  increase  (Abl,  iqi  i). 

Lactea]  Secredan. — Ott  and  Scott.  1911,  contirm  Roehrig,  that  this  U  somewDat 
(liminL^hed  by  atropin. 

GLYCOGENOLYSIS 

The  old  statement  that  atropin  prevenis  the  tnuuformation  of  the  hepatic  fiycofta 
into  sugar,  appears  to  be  erroncoui.  It  originated  with  Moral,  iS&i,  who  concluded 
that  pilocarpin  stimuUtcs,  and  atropin  inhibits,  the  conversion  of  gl>xogcn  into  suj;ar. 
Cavazzani  and  Soldaini,  iSqti,  also  staled  that  atropin  paralyzes  f;1ycoaecretory  ncHi'cs 
in  the  liver.  The  evidence,  however,  was  unsalisfactorj'  and  has  been  disproven  bj-  the 
results  of  Moscnthal,  IQ13,  &tii\  of  Miicleod.  igoS.  The  latter  showed  that  splonchic 
stimulation  produces  the  fame  hyperglycemia  after  atropin  as  normally.  McGuif:&a. 
1916,  also  finds  no  direct  effect  of  atropin  ur  pilocan>in.  Lar^  doses  of  atropin  may 
increase  the  blood  sugar  (also  observed  oy  Pinoi,  i9ciiS}.  This  is  due  simply  to  the  ex- 
citement. 

ATROPm  IK  DIABETES 

It  has  been  asserted  that  atropin  increases  the  tolerance  for  carbohydrates  (Rut 
Forchheimcr);  but  the  statement  needs  confirmation  (Mosentha),  1912), 

HEPATIC  ACTIONS  AND  COAGULABIUTY  OF  BLOOD 

The  secretion  of  biU  is  sometinies  slightly  diminished  by  atropin  (Okada,  1915). 
The  injection  of  large  doses  of  atropin  into  the  portal  vein  lowers  the  eoagulahilUy 
ofUood,  first  that  of  the  hepatic  vein.  This  effect  cannot  be  produced  by  injection  into 
the  jugular  vein,  nur  by  addition  of  atropin  to  shed  blood  (Ooyon  and  Kareff,  1004  and 
1906),  and  is  due  to  an  action  on  the  liver.  The  anlicouKulant  substance  is  abo  pio- 
duccd  by  the  perfusion  of  atropinized  blood  through  an  excised  liver  (Doyon.  1910). 

The  UucKytfj  are  not  changed  by  ordinary  doses.  Tojcic  doses,  especially  when 
often  repeated,  diminish  the  easinophiles.  The  action  is  probably  indirert  fHcrrick, 
1014;  Port  and  Brunow,  1914)-  The  emigration  of  leucocytes  in  exposed  mesentery  is 
nnl  inhibited  by  atropin  or  scopolumin  (Ikcda,  i<>i()). 

ACTION  OF  ATROPIN  ON  PERISTALSIS 

These  vary  according  to  the  dose  and  conditions:  Minimal  doses 
quiet  exccsstvt:  peristalsis  provoked  by  loxic  peripheral  vagtis  stimulation, 
as  by  pilocarpin,  cholin,  pbysosligmin,  etc.  These  doses  do  not  affect  nor- 
mal peristalsis. 

Ordinary  therapeutic  doses  relax  the  intestines  in  man  and  rabbits 
(Katsch,  19x3;  Hirz,  iqx.^).  In  cats,  they  may  increase  peristalsis 
(Magnus).  It  is  conceivable  that  this  also  occttrs  in  man  in  some 
conditions. 

Excessive  doses,  such  as  can  be  brouj;ht  into  play  Only  by  local  applica- 
tion, paralyze  the  intestine.  A!!  these  actions  are  peripheral,  but  affect 
different  structures  in  the  intestine.    The  details  are  described  on  pages 

269,  ^75- 

Therapeutic  Use  of  the  Peristaltic  Actions. — The  inhibitor.*  action  of 
atropin  i?  utilized  aKainsi  toxic  spasms  of  the  intestine,  which  presumaWy 
depend  upon  peripheral  vujjus  stimulation:  the  colic  pains  of  indigestion, 
lead  colic,  pioniain  diarrhea,  etc.     The  dose  for  this  purpose  is  usually 

I  mg-  (Ho  gr.). 

It  also  lessens,  in  this  way,  the  *' griping"  effect  of  purgatives,  at  the 
same  time  enhancing  their  laxative  effect  by  its  own  stimulant  action. 
The  galenic  preparations  would  be  preferred,  to  prolong  the  local  actiiMi: 
For  pills,  Exlractuni  Belladonna-,  15  mg.  or  I'i  gr.;  for  liquids,  Tr.  Bella- 
donna, 0.5  c.c.  or  10  minims. 
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BILIARY  AND  REKAL  COLIC 

Atropin  paralyzes  the  innervation  of  the  smooth  muscle  of  the  bile 
Jucti  and  ureters,  and  therefore  relaxes  the  painful  and  obstructive  spasm 
whkh  results  from  ihe  passage  of  calculi  through  these  tubes.  The  vagus 
p&ral>'sis  is  also  useful  in  this  connection  by  preventing  the  dangerous 
ordtac  reflex  which  sometimes  occurs.  The  atropin,  i  mg.,  ^^o  gr., 
H  given  hN-podermically,  usually  combined  with  morphin,  15  mg.,  l^  gr. 
V»  foil-biaddcr  is  also  relaxed  (Lieb  and  McWliorter,  1915). 

Eaitri  L'rdrr.— Small  doses  of  atropin  may  atiirulutc  the  tone  and  [lemtallic 
wmrarotK  Stronger  soluttoru  ( t :  to,ooo)  inhibit  them,  as  also  the  stimulant  effects 
•fpflocupin,  physostigmin  and  cbolin  (Macht,  1016). 

URUfARY  BLADDER  AJfTD  INCONTmENCE  OF  URINE 

Atropin  is  empioyed  Iii  relieve  incontinence  of  the  urine,  due  to  overaction  o(  the 
muscle;  and  relcniion  of  urine  from  overactivity  of  ibe  vesical  sphincter.    The 
of  dosaRe  are  described  by  Ruhraeh,  .\m.  J.  Med.  Sc.,  February.  1913.     A. 
i*^i  ujvises  for  children  )j  gr.  of  Extract  at  night,  increasing  if  necessary,  to  flush 

Drine  flow. — Discordant  results  have  been  described  by  different  in\-cstigators. 
Tfey  »tf  summarized  by  Cow,  igia  and  1913.  He  finds  that  atropin  has  n«  effect 
U  (k  urine  is  collected  directly  from  the  pelvis  of  the  Lidney;  but  that  it  merely  modifies 
tWilvw  through  the  ureter,  by  lessening  it»  tone. 

UTERUS 

Tlwcflectsof  atropin  correspond  to  it^  actions  on  the  intestine:  Small  doses  increase, 
lu|l  iImcs  abolish,  the  uterine  movements  (Kehrer,  iqoH).  Minimal  doses  abolish 
ikt  (flocarpin  and  physostigmin  spasms.  Kven  large  doses  n(  physostigmin  are  in- 
aimive  after  alropm. 

Atnpn  in  DysmenorrtiM. — This  wa-t  introduced  by  Drcnkbam,  igio,  and  is  advo- 
cated by  Novalf,  1915:  especially  in  the  spasmodic,  colic  type.  The  administration 
isMttted  two  dtiys  before  the  e.xperte«l  mense-«,  and  continued  for  two  or  three  da)-s 
^jD(i(g  acmtruation:  u.tually  in  ooses  of  0,6  mg.  (Hoc  sr.)  by  mouth,  three  or  more 
littidaflv.  If  dry  thruut,  itching  sktn  or  disturbed  accommodation  develop,  the  dosage 
iindnced. 

CURARE  ACTION 

la  (rogs,  large  doses  of  atropin  paral>'zc  the  motor  endings  of  striped  muede  and 
*b*lah  the  physostigmin  twicthin^ts,  after  the  manner  of  curare.  This  effect  would 
W  occur  with  duces  which  can  be  um-i1  in  tnitnnnaU. 

AHODYIIE  ACTION 

The  local  application  of  atropin  dulls,  rather  than  paralyzes,  sensory 
It  h  therefore  applied  in  the  form  of  bellaaonna  liniment  or 
r,  for  the  relief  of  pain,  especially  neuralgic  and  rheumatic.     Bella- 
suppositories  (extract,  0.1  Gm.,  t}-^  gr.)  are  also  used  in  painful 
IxiDonhotds. 

BartutUic  Table. — The  foUowin^  (Schmiedeberg)  maybe  useful  in  the  therapeutic 
^  tt  atfopin : 

Ma.  Gr.  Symptom!) 

a^$  to  I      ^20  to  Ho  Dryness  ia  mouth,  often  «-ilh  thirst. 

J  t^o  PupQ  dilated,  not  quite  immobtk.    Increase  of 

pulse  rate. 
3  to  5       ^)q  to  }^j  Headache.     D>'5phagia.     Alteration    of    vt^ce. 
Muscular  weakness.     Restlessness. 
7  Ko  Consi<lerabJe  dilatation  of  pupils.     Disturbance 

o(  vision, 
S  >t  Kxrilement  and  mu!u:titar  incuOrdinalifin  more 

marked. 
10  yi  Apathy.     Hallucinations  or  delirium.     Uncoo* 

sctousneas. 
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Atropin  is  very  readily  absorbed,  somewhat  even  from  the  int 
akin,  so  that  toxic  symptoms  have  been  obsen*ed  (though  rarely)  after  the 
use  of  belladonna  plasters  (Doland,  1906).  They  occur  rather  commonly 
in  ophthalmic  use,  through  the  lachrymal  ducts.  Where  the  plant  grows 
wild,  the  berries  are  often  eaten  by  children.  ^H 

Symptoms. — These  set  in  promptly,  but  usually  run  a  long  cours^^ 
lasting  five  to  fifteen  hours,  or  even  several  days  in  fatal  cases.  The  first 
to  be  noticed  are  those  arising;  from  dryness  of  the  mouth  and  throat: 
difficulty  of  deglutition  and  articulation,  great  thirst,  a  sense  of  burning 
and  constriction  in  the  throat.  On  the  eves,  the  dilatation  of  the  pupils, 
impaired  vision,  absence  of  reaction  to  light  will  be  noticed.  There  is 
often  ttausea  and  sometimes  vomiting.  Excitemcnl,  passing  into  delirium, 
is  a  prominent  feature.  The  delirium  may  be  pleasing,  with  spectral 
illusions,  or  anxious  or  furious  (a  graphic  dei»cription  of  the  psychic 
experiences  is  given  by  L.  L.  Jcpson,  iqoj).  The  onset  of  the  paralytic 
symptoms  is  ushered  in  by  giddiness,  numbness  of  the  Umbs,  and  stagger- 
ing gait,  and  passes  into  drowsiness  and  stupor.  The  pulsf  Is  quick 
(to  170)  and  small.  The  respiration  is  stertorous,  fast  or  slowed.  The 
face  is  flushed  scarlet.  In/ataJ  casis  death  is  preceded  by  coldness  of  the 
extremities,  rapid  and  intermittent  pulse,  and  deep  coma.  Convulsions 
are  rare.  Glycosuria  is  sometimes  seen  and  may  be  attributed  to  tl^B 
asphyxia.     The  postmorlrm  findings  arc  those  of  asphyxia.  ^H 

A  fatal  ending  is,  however,  quite  rare  (12  per  cent.).    The  fatal  dose 
of  atropin  is  probably  0.1  Gm.  or  more  for  adults;  o.oi  Gm.  for  children^-- 
Therapeutically,  children  bear  proportionately  larger  doses  than  adult^Hl 
and  this  holds  also  for  young  animals.  ^^ 

Recoveiy  starts  within  two  days,  the  respiration,  pulse  and  pupils 
returning  gradually  to  normal.  Sometimes  violent  delirious  symptoms 
may  last  for  days,  and  it  has  happened  that  patients  have  been  consigned 
to  the  insane  asylum  on  a  mistaken  diagnosis.  I 

A  psychic  "  slowness,"  clUiurbince  of  vision,  iind  ftome  other  symptoms,  may  petibt      ' 
for  wei-ks. 

Chronic  Atropin  Poisoning  has  been  reported,  especially  from  ophthalmic  ute  (Tyr- 
rell, 1906).  However,  the  contiuucd  Mse  of  small  doH»  establishes  partial  Toltranct 
to  the  toxic  action,  but  not  to  the  effects  on  the  vagus  or  oculomotor  (Aorcp  and  Ross- 
bach,  1880;  Cloctta,  1911'!. 

Treatment  of  Atropin  Poisoning. — This  is  usually  effective  since 
prolonged  course  gives  ample  time  for  interference.     It  resolves  i 
into  chemic  neutralization,  prompt  removal,  and  meeting  the  sympto 
The  delirium  is  best  treated  by  the  ice-cap,  the  general  symptoms  by  pilo- 
carpin  (10  mg.,  3^  gr.  hypodermically,  rc}>calcd  until  mouth  is  motbtV 
Morphin  (10  mg.)  is  also  indicated  in  the  early  stages,  but  not  after  de- 
pression has  set  in.    The  latter  is  combated  by  the  usual  medullary 
stimulants  (coffee,  etc.)     Artificial  respiration  should  be  kept  uppersist- 
ently,  if  necessary. 

The  effects  on  the  eye  may  be  abolished  by  the  local  application 
phystwligmin. 

Excretion. — The  greater  part  of  the  atropin  disappears  rapidly  i 
the  blood  (Cloctta,  looS).  It  is  e.xcreted  mostly  unchanged,  entirely 
the  urine,  mainly  within  thirty-six  hours. 

The  application  of  a  drop  of  tins  fluid  to  the  eye  of  a  cat  is  the  most 
convenient  test  for  poisoning.     Mydriasis  occurs  with  a  single  drop  of 
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1:150,000  solution,  equivalent  to  0.000245  mg.  of  atropin.  Of  scopo- 
bmin,  the  minimal  mydriatic  dose  is  0.0000x855  mg.  Qoachimoglu, 
1015).  The  human  pupil  is  about  equally  sensitive  (Metzner,  1012). 
The  excretion  is  not  complete,  more  or  less  of  the  atropin  being  destroyed 
in  iJie  body. 

A  part  is  excreted  as  tropin  and  as  another  base  (Fickewirth  and 
Hcfftfr,  1912).  The  variations  in  this  deatrucUon  and  in  the  rapidity  of 
excretion  explain  the  racial  and  individual  idiosyncrasies  and  acquired 
loleraacc. 

Atrapin  resists  btUrrfaeJion  for  a  long  time,  and  may  be  found  in  the  cadaver  even 
noaUu  after  burial.    Confuaion  with  ptomatropin  (a  putrefactive  alkaloid)  must    be 
_piaU  igaimt. 

RACIAL  AND  ACQUIRED  TOLERANCE 

Sodcnts  and  marsupiads  arc  very  tolerant,  as  also,  to  a  less  e.xlcnt, 
tbcgoai,  dog,  birds,  and  some  other  animals.  (The  dosage  for  different 
Mimils  has  been  determined  by  Wilberg,  1914.)  The  immunity  is  in 
wcatt  complete.  It  is  perhaps  greatest  in  the  case  of  rabbits,  and  can 
beiocreased  by  habituation.  In  rabbits,  it  is  due  mainly  to  destruction  of 
Uk  atropin  by  the  scrum  and  organs. 

Harhrl.  1875.  found  that  rabbits  and  guinea  pigs  did  not  only  thrive  for  weeks  on  an 
odnA'c  diet  ill  atropin-cornaining  plants  (Schmfi,  1852),  but  that  Ihii  exclu-sivc  diet 
<ivld  he  mntinuc^l  for  several  generations.  A  further  degree  of  immunity  was  thus 
W^red,  »o  thai  the  mydriatic  effect  was  smaller  and  the  fatal  dusc  fhypoiiermitally) 
lipw.  The  flesh  of  these  animals  contained  relatively  little  alropin,  although  the  meat 
"vifiruiry  rahhits  poisoned  with  atropin  is  toxic  to  other  animals  and  man  (Koppe, 
il«;Lewin,  18^). 

Ctase  of  the  Tolennce. — This  has  been  investigated  chiefly  in  rabbits.  It  is  not 
y  to  defective  aliKir^ttion  or  superior  excrclion,  for  the  tolerance  exists  also  for 
P?«Jnmic  injection,  and  after  ligation  of  the  renal  ve£«elfi  (llennann,  i}>74).  The 
teocvUc  ihrriry  of  Cidmettc,  i8og,  need  not  be  further  considered  ^ince  it  was  dl*- 

tpi**nl  by  ElUnger.  1901.     The  ayrrtct  cxplanatiou  was  furnishoj  by  Fleischmann,  1910 
H^  i<>u.     He  found  that  digestion  of  atropin  with  rabbit's  serum  gradually  weakened 
I^Wivity;  1  c.c  of  the  scrum  may  thus  (J«lroy  o.i  mg.  in  twenty  to  thirty  minutes. 
T»Mnna  of  man,  dogs,  cats  and  rats  does  not  have  this  action  (except  some  cases  of 
■MU  gollcr;  Doeblin  and  F1ci«chmann,  1913).     These  obscr\'ations  have  been  fully 
'*<VQnl  by  independent  workers.     Cloctta.  iQTt.  and  Clark,  191:,  hnd  that  the  dc- 
ywiocia  also  cllecicd  by  pmutsioDs  of  rabbit*s  liver.     In  froKS,  the  heart  anil  kidneys 
•ohivc  ihfa  effect.     The  blood  corpuscles  are  not  concerned  in  the  reaction.     Since 
•  pnpeny  is  d»tmyed  by  be.-itinir  to  55°  to  (ro'C,  it  is  prolwhly  due  to  a  ferment, 
.  ^nwui  the  liver  (Metzner,  1913;  Clark).     Doeblin  and  rieischmann,  1913,  tind  that 
|Ku»  the  rharai'tcrs  of  the  ulbumtn  fraction.     Metzner  believes  that  there  is  a  cleav> 
T^of  tropcic  acid  and  tropin,  n-hich  may   recombine  on  vtry  prolonged  standing. 
<  BoButnipm  and  seopolamin  arc  also  destroyed  (Doeblin  and  Fieiachmann),     Kleisch- 
1^  found  that  the  destructive  power  varies  greatly  in  different  rabbits,  being  prac> 
i™Dyth»eot  in  wme;  he  attributed  this  to  goiter.     Metzner  and  Hedinger,  1912, coo- 
liiaiij  t^  variation,  but  sboned  that  it  bears  no  relation  to  the  thyroid;  nor  does  the 
'^F*''*^  thyroid  confera  destructive  power  for  alropin  when  this  is  deficient,     Heffter 
■jO  fickewirth.  191 2  find  that  the  tolerance  of  rabbits  to  rapid  intravenous  injection  is 
,  ^'(I'vtljr  small,  since  this  does  not  permit  time  for  the  deslfuction.     The  rapid  passajie 
«itt«fXB  out  of  the  blood  indicates  that  its  destruction  must  take  place  mainly  in  the 
**>B(Bver). 

Cnwol  H>bitttatica;Eicretioa  in  Animals. — Cloctta,  1911,  found  that  non-habit- 

.tudtabhtts  escrele  i^  to  10  per  cent,  iif  the  atropin,  the  excretion  lieing  completed 

'ttVQ  to  three  days.     (Fickewirth  and  Heffter  fmd  that  tlic  total  excretion  of  all  bases 

'  *hNt  so  per  cent,  of  the  administered  quantity.)     Ahrr  immunt£alion,  the  cxtrt- 

aahanpMte  In  one  day:  and  as  little  or  none  can  be  found  in  the  tissues,  it  appean 

"U  Iht  rapidity  of  destruction  and  excretion  has  been  iiiun-aMrd.     The  cicstruclivc 

Vt  of  the  serum,  however,  is  not  raised  (Doeblin  and  Mcisehmann).     Normal  cata 

'  veiy  Uttle  of  the  atropin;  but  by  habituation,  the  excretion  i»  markedly  raised, 
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whil:i(  the  c«{>acity  for  dcstrucUon  is  not  increased.     With  these  therefore  the  toler- 
oncr  ifi  due  mainly  to  the  acquired  speed  of  excretion.     I>og»  excrete  about  onc-lt 
of  the  atropin,  within  two  days  (Wlcchowiski,  1901), 


HYOSCYAMIN 

Actions  and  Uses. — This  is  the  levo-isomer  of  the  racemic  atropinr 
Cushny,  1903,  compared  these  two  alkaloids  and  the  dextro-isomer.  He 
finds  that  the  peripheral  actions  on  the  iris,  cardiac  vagus  and  j^lands  are 
12  to  18  times  as  strong  with  the  1. -isomer  (ordinary  hyoscyarain)  than  with 
the  d.-;  and  about  twice  as  strong  as  with  atropin.  Hyoscyamiii,  therefore, 
has  some  advantage  when  the  peripheral  effects  arc  desired,  especially 
in  ophthalmic  work.  Internally,  it  has  no  advantage.  All  the  isomers 
act  practically  alike  on  the  central  nervous  system  of  mammals.  The 
d.-  has  a  greater  stimulant  effect  on  the  spinal  cord  of  frogs. 
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This  has  been  invesligated  by  Marshall,  iqio.  It  paralyzes  the  vagus  ending,  but 
is  ]e5A  jKiwcrfu!  than  niropin  or  cv-en  homauopin.  It  produces  a  curare  cSect  on  striped 
muscle  and  a  tcm[»«trary  central  paralysis  of  respiration.  There  is  also  aa  tndcpcoaent 
gradual  fall  of  blood  pressure. 

paEPAKATIONS — ATROPIN   CROtTP 

Alropina,  U.S.P.,  B.P.;  CuHmN'O,.— The  alkaloid  obtained  from  Belladonna  aod 
other  plants  of  the  SoUnace*  fanuly.  S%btly  sol.  ia  water  (1  :455);  fredy  sol- 
in  flic  (1  :  2);  sol.  in  fat  solvents  and  0II&.  Dose,  0.5  mg.,  Jr^tO  E'-i  tT.S.P.;  a.j  to 
0.6  mg.,  }iao  to  Koo  P".,  D.P. 

•Alropinoi  Suip/ua  (AUop.  Sulph.).  U.S.P.,  B.P.  (CijHhN'Oi),.H,SO*  +  Hrf).— 
White  cr>'9LalUne  powder;  odorlcsit.  \ery  sol.  in  water  (1:0.4);  freely  »oL  in  ale 
(1:5)  or  glyc.  (i;3.5).  tntompatibie  wn'lh  alkalies,  tannin  and  mercuric  imit*. 
Atropin  s^Jutions  deteriorate  rather  rapidly;  a  1:1.000  solution  losing  coiuiderabiy 
in  acliWty  within  three  days  (1.  Stmun.  1915).  Sterilized  solutions  in  ampoules,  how- 
ever, preserve  their  full  activity  at  least  four  weeks  (Joachimoglu,  igis).  /)««,  0,5 
ni|I-.  !iso  KT'i  U.S.P.;  0.3  to  o.b  mg.,  .^qo  to  }-iuu  gr.,  B.P.    Maximum  dose,  t  mg.. 

Ho  8'- 

Lam  Atrop.,  B.P. — 0.01J  mg.,  HFoao  gi'-r  0-P- 

Liq  Alrffp.  Sujpb.,  B.P. — 1  per  cent.     Dose,  0.03  to  0,06  cc,  }i  to  i  minim,  B.P. 

Ung.  Atrop.,  B.P. — i  per  cent. 

Uyoscyamin.  ilydrobr.,  U.S. P.;  CjjHjjN'Oj.HBr. — Strongly  levorotau-y.  Very  sol. 
in  water;  freely  sol.  in  ale     (i  :  2.5).     Dosf,  0.3  mR.,  3^oo  fT* 

liyoscyamin.  Sulpk.,  B.P.;  (CiiHMNOi)j.H,SOi  +  ^H,0.— Vcr)*  *«»l.  in  water 
(1  :o.5).     Dose,  0.3  to  0.6  mg.,  ^00  W  Hoo  gr.,  U.P. 

Belladonna  Folia,  U.S.P.,  B.P.;  BelUidonrid  Leaves  (Deadly  Nightshade).-- The 
dried  leaves  and  tops  of  Atropa  Belladonna,  yielding  not  le&s  than  0.3  per  cent,  uf 
mydriatic  alkaloids.     Doie,  0.06  Gm.,  1  gr.,  U.S.P.     Maximum  dose,  0.1  Gm.,  %  gr. 

Bdiad(»iHX  Radix,  U.S. P..  H.P.;  Belladonna  Root.— The  dried  root  of  Atropa  Bella- 
donmi,  vielding  not  les.<i  than  0.45  per  cent,  of  mydri^itic  alkaloids.  Doie,  0.045  ^^  ■ 
H  gr.,  U.S.P. 

'Emp.  RrSl'td.,  U.S,P.;  Belladonna  Plaster.— 30  per  cent,  of  Ext.  BclUd.  Fol.;  0.38 
per  cent,  of  alkaloids. 

*Emp.  Bellad.,  B. P.— Prepared  from  L3q.  Ext.  BcUad.  Root.  0.25  per  coiL  of 
alkaloids. 

*Exi.  Bellad.  Fol.,  U.S.P. — t  Om.  represents  4  Gm.  of  leaves.  1.2$  per  cent,  of  alka* 
loids.  Occurs  in  both  pilular  and  powdered  form.  Dt>3t,  15  mg.,  ^  gr.,  U^.P.  Mfta> 
mum  dose.  50  mg.,  ?i  gr. 

'Ext.  HeUud.  Fol.,  B.P.— i  per  cent,  of  alkaloids  of  leaf.  Date,  t6  to  60  nx.,  K  to 
»  gr.,  B.P. 
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fUeMt.  Briiad.  Rod.,  U.S.P. — 0.4$  per  cent,  of  alkaloids.  Dose,  0.05  ex.,  t  miniin, 
VS.,?, 

Eti.  BeiUtd,  Liq.,  B. P.— 0.75  per  cent,  of  lUkoloids  ol  tbe  rooL. 
Ua.  BdUid,  U.S.r.— Fldcxt.  BeiUd.FoI.,  with  5  per  cent,  of  Camphor. 
tin.  Bdiad.,  B.P.^50  per  ccnl.  of  Uq.  Exl.  Bcllad.  (root);  5  per  rent,  of  Camphor. 
Tr.  Beilad,  Fol.,  U.S.P. — 10  per  cent,  of  the  lenvw,  0.03  per  ccnL  of  alkdutcls. 
Oi«,o.75  ex.,  ij  minims,  U.S.P.     Marimura  dose,  i  cc,  is  minims. 

Tr.  Bttlad.,  B.P. — 10  per  cent,  of  leuves,  0.035  per  cent,  alkaloids.     Dosf,  0.3  to 
[  ex,  5  to  IS  minims,  B.P. 
Sufp.  BtUiid.,  B.P. —  t  tDK.  of  the  alkaloids  of  the  root. 

•rii|.  fl«aarf.,  U.S.P.— lopcr  cent,  of  Ext  Beilad.  Fol.,  0.135  pc'  "^"t-  »'  »!>« 
tlbkidft. 

*(ffi(.  BtUad.,  B.P. — 0.6  per  cent,  of  the  alkaloids  of  the  root. 
OWnrc  PoOot  B.P. — The  dried  leaves  of  Datura  fasluwa  and  Melel. 
Oiliir.  5fm.,  B.P. — The  seeds  of  Datura  faetuosa. 

Tr.  D^tur,  S«w.,  B.P. — 15  per  cent.     Dotr,  0.5  to  1  ex.,  5  to  15  minims,  B.P. 
Byattyamus,  U.S.P.;  Hyotcy.  Pol.,  B.P. — The  dried  leaves  and  tops  of  flyoRc>'amuK 
"i^ff .  yiefding  not  leas  than  0x165  P"  ^^^i-  of  alkaloids,  chiefly  h>'DM:yamin,  with  some 
UHpla  aod  Kopolamin.     Dosf,  0.1$  Cittt.,  4  gr.,  U.S.P.     Maximum  dose,  0.4  Gm., 
ip. 

£d.  Byoscy.,  U.S.P. — A  pilular  extract,  t  Gm.  repre^triitint;  4  Gm.  of  drug,  0.35 
percent,  of  alkaltuds.    Pcu<:,o.o6  Gm.,  i  pr.,  U.S.P.    Maximum  dose,  0.3  Gm.,  3  gr. 

£ri,  Hyosty..  B.P. — \  dry  eitraci,  with  aj  per  cent,  of  alltaloidis.  Dose,  o.ia  to 
a.}  Cn.,  1  to  S  gr. 

f^int.  Hyoscy.,  TJ.S.P. — About  0.06$  per  cent,  of  alkaloids.  Dose,  0.3  cc,  3  nnn* 
na.  I'  S.P. 

*7\Kii*ra  Uyoscyami  (Tr.  Hyoscy.),  U.S.P.,  B.P.— lo  per  cent.  Miscibic  with 
■ataor  ale.  Dose,  2  cc,  30  minims,  U.S.P.;  3  to  4  e.c,  ^  to  1  dram,  B.P.  Afaxi* 
*m  dox.  4  cc.  I  dram. 

*Smm«mttm,  U.S.P.;  Slramon.  Fol.,  B.P.;  Stramonium  (Jamestown  Weed,  jim- 
«•  Weed).— The  dried  leaves  of  Datura  Stramonium  (also  Datura  Tatuia.  U.S.P.). 
CwttiiB  not  less  than  o.^i;  p«?r  tent,  of  alkaloids,  chiefly  hyoscyamin,  with  some  atro- 
|iiiuduiqM>l«miiL    />ojc,o.o6  Gm,,  i  gr.,  U.S.P.     .Manmura  dose,  0.3  Cm.,  sgr. 

Em.S^amtm.,  U.S.P. — A  {ulular  or  powdered  extract,  i  Gm.  lepreMliting  4  Gm.  of 
VOL  I  per  rent,  of  alkaloids.     Dose.  10  mj$.,  V^  at.,  U.S.P. 

''  Sir.tmon.,  U.S.P.  —  lo  per  cent.     Df>ie.  0.5  cc,  8  minim>^,  U.S.P. 

T'  Slramon.,  B.P. — 20  per  cent.     D»fe.  0.3  to  t  cc,  5  to  15  minims,  B.P. 

f^H  SlranufH,  U.S.P. — 10  per  cent,  of  the  extract. 


SCOPOtAMIN  OR  HYOSCIN 

GttMnl  Statement. — The  commercial  samples  of  scopolamin  (also 
'•fcdliyoscin)  are  usually  indefinite,  and  often  rather  impure  mixtures  of 
iifoiiQnjcric  alkaloids  (tropeic  esters  of  oscin,  see  p.  377):  scopolamin 
P'opw  (levorotary,  25.75**).  and  alroscin  (optically  inactive).  They 
^^  in  the  various  atropin-conlainlng  plants,  but  are  now  prepared 
■>*'ily  from  Scopola.  The  U.S.P.  now  specifies  the  optically  active 
*'^cl,  i.c,  scopolamin  proper. 

Ibe  peiqiheral  actions  uf  scopolamin  a^ree  qualitatively  with  those  of 
*^^o;  I»ut  there  are  qualitative  differences;  for  instance,  the  actions 
*  ikc  oculomotor  and  secretions  are  stronger,  whilst  the  vagus  action  is 
''^vHy  wt^k. 

^  central  actions  differ  qualitatively;  scopolamin  being  mainly 

^Ul'vc,  in  all  doses;  whilst  moderate  doses  of  atropin  arc  excitant. 

^■ever,  there  are  great  individual  variations  in  ihc  response  to  scopola- 

■in,iind,lherefore,inits  toxiticy.    The  variable  toxicity  is  due  mainly  to 

.  "fiosyncrasy,  for  it  occurs  with  the  purest  samples;  although  the  uncertain 

<n^ositioa  of  the  commercial  samples  probably  plays  a  part. 
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Chemic  Blfiereaces  in.  ScopoLamin. — It  is  often  stated  that  there 
are  specific  dinereaccs  in  the  effects  according  to  the  origin  of  the 
alkaloids;  and  that  "  hyoscin "  derived  from  hyoscyanius  is  thera- 
peutically superior  to  the  "^  scopolamin "  of  Scopola.  No  such  difference 
can  exist  if  the  pure  alkaloids  are  employed;  for  these  are  Identical,  what- 
ever their  source  (E.  Schmidt,  1892  and  1894).  Impure  mixtures  doubt- 
less produce  different  effects,  but  impurities  are  quite  as  likely  to  be  pres- 
ent if  the  alkaloid  is  prepared  from  hyoscyamus.  A  purified  "  scopolamin" 
is  much  more  reliable  than  an  impure  ''hyoscin."  Moreover,  there  is  no 
way  of  determining  from  which  plant  the  alkaloid  has  been  prepared. 
J.A.M.A.,  1907,  49:  2105).  It  is,  therefore,  useless  to  make  this  distinc- 
tion between  "scopolamin"  and  "hyosclu." 

Apoatropin  (CitHhNOi,  ilUo  railed  Ixilliidonnin  or  a(ro|>amin)  vras  demonstrated  In 
a  comnicrci:U  sample  by  Kobcrt,  1905,  oiift  has  been  held  rcspotuibte  for  the  occasioul 
toxic  effects.  TliU  isimiirobablc.-.  It  isa  rtirv  impurity  (Kioaka,  too8)  andits  presence 
is  easily  shown,  by  reduction  (brown  color)  on  adding  a  few  dr*^  of  permanganate  sotu- 
tion  (Kcsscl,  190O).  It  cxisis  prcfornifii  10  the  plants  and  may  l>c  dcrivc<Lchcraii:aHy 
from  atropin  by  the  abstraction  of  one  molecule  of  water.  It  oiuscs,  in  rabbits,  a  me 
of  blood  pressure,  paralysb  of  cardiac  vaxus  ending,  central  cxcitution.  and  death  trilh 
rel.itivcly  smiiU  dose*,  by  paralysis  of  respiration.  The  oculomotor  and  secretory 
ending  iirc  not  paralyzed  (Marcacci,  1S85;  Kobert,  1005). 

Deterioration  of  Solutions. — Tliis  has  been  suggirste*!  us  a  cause  for  idiosyncrasy  {f.i., 
by  Gau&s,  190;;  Langcr,  igis  and  Sachs,  1911);  but  according  to  the  »comingly  more 
reliable  c^tpcrimcnts  of  Kionka.  tqoS;  Willstatter  and  Hug,  iQii;  and  Beck,  igi^:  titt 
so1ution<i  kc«p  Linrhanccd  imlctinitcly,  at  least  in  sealed  ampoules. 

Pbaimacologic  Differences  between  Scopolamin  and  Atrosdn.— 
Thcsi;  play  an  important  part  in  the  peripheral  actions,  but  npt  in  the 
more  important  central  effects.  Cushny  and  Peebles,  1905,  found  that 
the  I.-  andi.-  alkaloid^;  act  alike  on  the  central  nervous  system  in  mammals 
and  on  the  motor  endings;  but  that  the  left-alkaloid  (scopolamin)  is  twice 
as  active  on  the  salivary  and  vagus  endings  as  tlte  racemic  atroscin. 

This  has  been  ronfirmcd.  also  for  (be  pu[>il,  by  Hug,  tgta.  KAiugsdarfer,  iBq6, 
claims  that  tlicre  is  no  di6fcrence  in  the  pupil  action.  Ctoetta,  1913,  contends  ttist 
the  roi^cmic  h  le^vs  toxic  than  the  I-.  in  mnn,  hut  withoulgood  evidence  (Cusbny,  1911). 
Scnith,  J915,  found  the  fatal  dose  the  same  for  mice. 

Psychic  Actions. — Jn  man,  doses  of  i  to  3  mg.  (J^o  to  Ho  F-)  S^' 
erally  produce  within  ten  or  fifteen  minutes,  fatigue,  drowsiness,  and  a 
natural,  dreamless  sleep,  lasting  several  hours.  The  response,  however, 
is  variable.  In  some  the  sleep  is  preceded  by  hallucinations,  which  may 
be  rather  pleasant  vnxh  small  doses,  but  which  become  \-ioIent  if  the  dosage 
is  increased.  Animals  are  also  affected  differently  by  scopolamin  (Kocb- 
mann,  1913). 

Da^i  react  similarly  to  man:  very  small  doses  produce  Kleep  and  hoUndiudaots 
larger  doses  cause  morcmarkcd  hallucinations  and  restJewness,  aUuda,  and  often  oncib-r 
The  exdtability  of  the  motor  areas  Is  said  to  be  lowered  (Sobrt,  1S86;  Ramin,  1893)- 
Narcosis  is  practicjilly  absent  in  rabhiti.  Frogs  show  a  central  aboliUoo  of  reflutEfli 
(Wood,  1SS3),  preceded  by  more  extensive  spreading  of  the  reflexes  (tCocbmans). 

Therapeutic  Use  of  Sedative  and  Hypnotic  Action. — Scopolamin  is 
employed  especially  in  acute  maniacal  excitement,  delirium  tremens  antS 
tetanus.  It  has  advantages  over  morphin,  by  quieting  the  reffcxcs  anJ 
by  avoiding  habit  formations;  and  over  chloral,  in  that  it  does  notusuall)' 
depress  the  medulla.  On  the  other  hand,  it  produces  the  unpleasant  siJs 
effects  of  mydriasis,  cycloplegia,  and  excessive  dr>*ncss;  sometimes  muscular 
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tremors;  and  occasionally  serious  delirium  (Lhc  laiicr  is  said  to  be  promplly 

cxvntrolled  by  soiall  doses  of  morphinj.     The  therapeutic  dose  uc^  much 

below  Uic  ordinary  fatai  dose;  but  small  doses  (0.2  to  0.75  mg.;  3^oo  l'^ 

S  gr.)  have  produced  serious  |x>i:>>oning,  with  cardiac  and  respiratory 

Uspsc.    On  the  other  hand,  J^o  a^"*'  even  ■^;,  gr.  (6.5  and  50  mg.)  have 

be«n  taken  without  ill  effects.     Insane  patients  generally  seem  to  be 

tolerant,  so  that  the  effective  doses  (i  to  3  mg.;  J'cq  to  j-io  gr.)  may  be 

^■ven;  with  ordinary  individuals  it  is  not  safe  to  exceed  0.5  mg.  (H20  Sr')t 

lepcating  this  smaller  dose  ever>'  six  to  eight  hours,  if  necessary;  and  it 

irould  be  safer  to  use  this  dosage  also  for  the  insane.    Smaller  doses  (0.2 

ro|?-t  ^300  gr-)  may  be  used  to  enhance  the  h^-jmotic  effect  of  morphin. 

The  use  in  drug  additions  has  been  described  under  "Morphin." 

Respiratioa  and  Circulation. — Thcra[)eulic  doses  ordinarily  do  not 
produce  any  Important  effects  (KiKhmanu,  1903).  The  respiration  is 
praciiaiUy  unchanged.  The  pulse  may  be  unchanged  or  considerably 
stoned  (central  vagus  stimulation).  The  blood  pressure  shows  no  change, 
or  with  somewhat  larger  doses,  a  moderate  rise  (stimulation  of  vasomotor 
oenier).  Toxic  doses  depress  the  respiration,  the  heart,  and  the  blood 
pressure.    With  fatal  doses,  the  respiration  stops  before  the  heart. 

The  Eye. — The  effects  of  scopolamin  correspond  qualitatively  with 
il»iB<  of  atropin.  They  are  produced  more  quickly  and  by  doses  only 
me-fifth  or  one-tenth  as  large  {Joachimoglu,  1915),  but  are  not  quite 
*s  tasting.  The  intraocular  pressure  is  less  affected  (Bollet  and  Curtil, 
J911I.  It  is  less  irritant  than  atropin,  and  patients  who  have  an  idiosyn- 
Crtsy  against  atrupin  can  often  tolerate  scopolamin.  It  is  used  like  atropin 
firitis,  etc.,  o.i  per  cent.;  cycloplegic,  0.2  per  cent.). 

The  secretion  of  saliva,  sweat,  mticus,  etc.,  is  paralyzed  by  therapeutic 
"iMwof  scopolamin,  more  actively  than  by  atropin. 

The  effects  on  the  intestine  correspond  to  those  of  atropin.  The 
*Kl>cd  uterus  is  stimulated  (Kehrer,  1907;  Barbour  and  Copenhaver, 

"Mi  I. 

Scopotaznin  Poisoning. — The  symptoms  resemble  those  of  atropin 
poisuiiing,  except  for  the  early  tendency  to  sleep,  coma,  collapse,  and 
U*  lesser  effect  on  the  pulse  rate  (Details,  Seifert,  Nebenwirk.,  1915,  p. 
h^  The  treatment  would  be  as  for  atropin.  The  excretion  occurs  by 
'Wurioe. 

Scopolamin-morphin  Narcosis. — ^The  combination  of  the  two  alka- 
''i^fn  results  in  a  <lccper  narcosis  than  would  correspond  to  the  ^mple 
^' I'l.ii  of  the  effects  of  the  individual  alkaloid  (" potentiated  syner- 
P*oi;'  .Madelung,  1910;  Buergi,  iqio;  Kochmann.  1913).  Complete 
•"f^  anesthesia  may  thus  be  obtained,  permitting  of  major  operations 
^^iilerlin.  1900;  Korff,  1901  to  1902;  Bios,  1902).  Smaller  doses  pro- 
^Wipariial  anesthesia  ("Seminarcosis,"  "twilight  sleep"  or  "Dammer- 
"^iW.''  Gauss,  1Q06  and  1907)  which  has  been  used  in  obstetrics.  Still 
"]«5«"  doses  quiet  the  patient,  and  may  be  em])loyed  to  faciUlate  the 
''I'aiiustration  of  the  ordinary  inhalation  anesthetics. 

.  ^^04pt«iHta  aXane  u  not  narcotic  (for  rabbiu  or  nuce^  even  in  large  doses;  nor  docs 
*WM»fh  the  Ciiaccntralion  of  ether  or  chlorolorra  requiti-'d  for  light  anMlhwia;  but 
"'«W[«crnui  a  deep  anesthe&ia  witli  relatively  lower  concentratioa's.  It  also  deepens 
^  Biofjihin  narcosis.  The  two  oUtaioids  used  logelhcr  produce  a  deeper  anesthesia 
•^pvrq  concentration  of  inhalnUon  noesthcUc  (I-udcwiK,  igi^).  Fuehner,  lyl3, 
*^ti  Hut  the  potentiation  may  be  due  to  suppression  oi  the  glandular  secretU)n 
''■■(pbiB,  Uus  insuring  a  longer  retention. 
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The  advantages  of  exclusive  scopolamiii-niorphin  anesthesia,  as  com- 
pared with  ether  ur  gas,  are  raliier  minor,  while  the  disadvantages  are 
very  serious  (see  Hatcher,  J.A.M.A.,  igio,  liv,  p.  446;  H.  C.  Wood,  Jr., 
J.A.M.A.,  1906,  xii,  p.  546;  Bevan,  ib.,  igi5,  65 :  1418;  M.  Kochmaon, 
IQ03;  A.  Alayor,  igoS).  The  combination  increases  not  only  the  narcotic 
action,  but  also  llie  depression  of  respiration  and  circulation;  and  this  in  a 
very  irregular  degree.  The  susceptibility  varies  so  much  that  Uie  surgical 
anesthesia  is  often  incomplete  and  must  be  supplemented  by  ether;  and 
on  the  other  hand,  serious  accidents  and  fatalities  are  alarmingly  frequent. 
The  anesthesia  can  not  be  modi&ed  to  suit  the  needs  of  the  momeDt. 
Delirium,  sometimes  serious,  is  not  uncommon.  The  obstetric  anesthesia 
is  especially  dangerous  to  the  child,  owing  to  the  great  susceptibility  to 
morphin.  In  non-fatal  cases,  the  child  may  show  somnolence  and  defi- 
cient respiration  for  days  after  delivery  (Jung,  igx4).  The  use  of  scnpo- 
lumin-morphin  anesthesia  is  justified  (if  at  ail)  only  in  specially  equipped 
institutions,  and  not  in  private  practice,  or  even  in  ordinary  hospitals. 

The  smaller  doses  used  preliminary  to  anesthesia  would  alone  appear 
justifiable;  and  even  these  may  cause  marked  fall  of  blood  pressure  (A. 
Mayor,  igoS).  Chloroform  is  especially  dangerous  (W.  Straub,  XQ13). 
Bevan,  igiif,  believes  that  the  use  of  the  alkaloids  in  ordinary  doses 
(morphin,  j-4  gr.;  scopolamin,  Ho  gj"-)  ^ds  distinctly  to  the  risks  of 
chloroform,  ether  or  gas  or  local  or  spinal  anesthesia,  more  than  morphin 
alone;  and  that  it  has  been  responsible  for  many  deaths,  especially  by 
masking  the  danger  signals.  It  also  increases  the  percentage  of  vomiting 
and  of  bladder  paresis,  and  reduces  immunity. 

Scopolamin -morphin  Synergism. — Quantiutive  experiments  were  made  by 
M.  I.  Smith,  iqi5.  In  frops  scopularain  is  directly  deprcisanl,  bul  increaies  the 
excitant  an<I  convulsant  effects  of  morpbm;  while  morphin  docs  not  greatly  increase 
the  paralytic  effect  of  scopolamin.  The  fatal  effett  on  frogs  and  mice  is  simple 
summ&tion  with  morphin  and  I.-  Kcopolamin;  stiKht  potentiation  with  i.-  sco{>oIuiuil. 
Tlie  perfused  froij;  heart  Rives  polcnlialion  of  the  depressant  action. 

uosace  for  SurgicaJ  Anesthesia. — .\&  a  preliminary  to  inhalation  anesthesia^ 
KorfT  injects  hv(:>odcrmic»Uy  a  mixture  of  0.4  m^.,  V{ao  Sr-.  of  scopoliimin  hydrobromid, 
and  10  mg.,  Vg  |;t.,  of  morphin  h>-drochiorid,  one  and  one-naif  hours  before  the 
operation,  and  repeals  the  same  quantity  an  hour  later.  It  the  scopolamin-morpbin 
is  10  be  the  chief  anesthetic,  lo  be  merely  supplrmented  by  ether  if  nece&Mry,  he 
precedes  these  injections  by  another,  of  the  same  size,  two  and  ooe-half  houn  before 
the  operation.     T]^<■.  total  dowiK^  would  therefore  be  1.2  mg.,  ^^o  gr.,  Kopolamin; 
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30  mg.,  "-^  gr.,  morphin. 

Results  of  Scopolamin-morphin  Seminarcosis  io  Obstetrics.-'Tlie  inlnxluctioii' 
the  "  twilight  sleep,"  intended  to  deprive  labor  of  its  terrors,  has  led  to  much  discussion 
iind  diversity  of  opinion.  Its  udvocalirs  do  not  claim  that  it  abolishes  pain,  but  ihey 
assert  that  it  successfully  removes  ihe  memory  of  the  experience,  in  the  majority  of 
cases,  and  with  practically  no  danger  to  mother  or  child;  provided  it  is  u»cd  by  experi- 
enced operators,  under  exactly  prescribcfl  cunditions.  and  with  pn>pcr  dosaKe.  The 
espericDcv  of  independent  observcRt  has  l>r(.'n  contnidictor}*.  but  by  no  means  as  favor- 
able. The  early  failures  may  be  attributable  lo  excessive  doses  of  morphin  or  other 
faults  of  tcchnic;  hut  riii-^  critii.i*m  can  nnt  apply  to  the  later  complications.  The 
serious  objections  are:  prolonged  labor  l.avcraging  three  to  four  hours);  froqucnth' 
delayed  resfflralion  of  child,  sometimes  requiniig  vigorous  measures;  largt^'  number  of 
fetal  asphyxias;  excessive  thir>t  and  intend  headaches;  difficult  control  of  pjitients 
with  chance  of  infection;  more  frequent  postpartum  hemorrhage;  bturrrd  \Tsion; 
ghastly  deliriums  persisting  for  lone  time;  dt^cult  recognition  of  onset  of  second  stage; 
masking  of  early  symptoms  of  .^cddenls;  failure  of  narcosis  in  one-seventh  to  ooe-thinl 
of  the  cases  ami  uncrrlainly  of  the  whole  treatment  (Baer,  1915;  Libby,  igis). 

Effects  OQ  Uterus. —Morphin  and  Kopolamin  slightly  increase  the  tone  of  the  ex- 
cised uterus,  without  synen^ism  or  ant»i;uni^m  (Bnrlmur  and  Copcnhavcr,  1015)- 
In  anesthetized  animals,  there  is  little  effect  of  any  kind  (ilarbour,  1915). 
delay  uf  labor  is  therefore  probably  cerebral  (narcotic). 


PILOCARPIN* 


397 


Douce  for  TVilicht  Sleep.— The  minutely  dcdneil  tcchnic  can  not  be  de&crJberi  here 
irilii  julSvicot  tlcliii!  lo  be  useful.  The  reader  is  referred  to  the  orijfiniil  arucles,  or 
Uxi-bo^  of  obstetrics.  They  involve  painstakiog  excluttion  of  iiuisc,  light  and  all 
ntitut  foctont — apparently  the  coJlperation  of  augg^^<^t>  i^  essential.  The  drugs 
ut  not  ttarlcd  until  the  regular  pains  occur,  perhaps  ever>-  four  to  five  minutes  and 
;LlU  a  minute.  The  &r«t  injection  is  of  o.ooS  to  0.015  "^S-  ^^  morphin  and  0.45 
Blarain  hydrobrom.  The  Freiburg  school  prefers  narct^hin,  30  mg.,  to  the 
t  this  is  immalcrial.  The  morphin  or  narcophin  must  nol  be  repealed.  The 
,  however,  is  repeated;  drst  in  three -quarters  of  an  hour  with  0.45  mg..  then 
tmyoBe  and  one-half  hours  with  0.3  m^.,  until  unainnesia  (loss  ol  memor>')  is  suffi- 
'  ■  Advanced.  This  is  tested  every  hiilf  hour.  When  successful,  the  pains  arc  fully 
It  prumptly  forgotten.  The  piilic-nt  is  rather  drowsy;  the  heart  slightly  quidt- 
(tKesimpliticd  technic  is  described  by  Sicgel,  1914). 

PREPvUtATlONS — SCOPOLAMIN 

*S(sfaUmi>ur  Hydrohrtfm'tdum  (Scopolamin.  Hydrobrom.),  U.S.P.;  Hyosein. 
Sy^vkm^  B.P.;  Ci7lIs(N'04.iIBr  -f  3K.O. — An  alkaloid  obtained  from  various  plants 
ol ihe SolanaccK-  The  t'.S.P.  specifics  the  Icvorotary  isomer  {12"  to  37.5°).  Coiorlew 
tnitik  Freely  sol.  in  water  (1:1.3);  sol.  in  ale.  (i:jo).  Dote,  0.3  mg.,  I^oo  gr., 
(^^•io^  to  0.6  mg.,  Hoo  to  Hoo  S^M  t^-P-    Ma^muci  doK,  0.6  mg.,  Hoo  sr* 
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Geaeral  Statement — Pilocaq^in,  ihe  prinripai  alkaloid  of  jaborandi 
InvK  (Pilocarpus),  stimulates  those  peripheral  structures  which  are 
pwlyicd  by  atropin.  It  therefore  increases  the  secretions,  augments 
^gaslro-xntcstinal  movements,  constricts  the  pupils,  etc.  The  slimula- 
UoB  oi  these  functions  persists  even  with  large  doses.  The  vagus,  how- 
wr,  jj  first  «t)mulate<l,  tlien  depressed.  All  of  these  aulunomic  actions 
ire  purely  peripheral  (on  the  myoneural  junction).  The  central  effects 
t^pilocarpin  arc  unimportant. 

Pilocarpin  is  used  as  a  miotic,  but  especially  as  a  diaphoretic;  in  this 
Inspect  it  surpas.scs  all  other  drugs.  Pulmonary  disease  enjoins  caution  in 
'Un»,  to  guard  against  fatal  pulmonary  edema. 

The  stimulant  eflects  of  pilocarpin  are  easily  inhibited  by  alropin. 
Cwirtrscly,  pilocarpin  removes  the  depressant  effects  of  small  doses  of 
■tnjpin^  but  is  ineffective  against  larger  doses. 

^^tr  Taborudi  AUuloidi. — Pilocarpus  contains  two  other  alkaloids:  viz.,  tsopllo* 
2|Wunl[ii|iHari"'lin.  riiesc  differ  merely  in  the  strength  of  their  action,  pilocarpin 
~|^  l^  far  the  strnngest,  and  pil(>car)iidiQ  the  weakest.  It  was  formeriy  believed 
y^pfoMpm  (.-unluined  anulhcr  a1k:doid,  jaborin,  with  atn.ipin  actions.  This  view 
"•"■Bjlfcown  to  be  erroneous  (Juwcit,  ii>oo  and  iqo^;  Marshall,  1904). 

r'tttiin,  the  alkaloid  ut  .\reca  or  Betel  out.  is  closely  related  to  pilocarpin  in  its 
^^^  jMarro^.  1880,  I.eepin,  i.S()i).  It  stimulates  peristalsis  (PaeU,  1910)  and 
**7y*  narked  bronchial  constriction  by  peripheral  action,  but  is  overcome  by  alropin 
•"(■Oqibrin  (D.  K.  Jackson,  1914). 

^wuU. — Pilocarpin  produces  an  increase  in  the  secretion  of  saliva, 
'*'>';  lears,  mucus,  and  of  the  gastric,  pancreatic,  and  possibly  of  the 
■Mtrtin^l  juice  and  of  the  milk,  not  of  the  urine  or  bile.  A  gallon  of 
"^Biay  be  removed  by  these  secretions,  after  a  single  injection. 

m.=r,.; ;. 
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■  •^■f''^  nfirr  det^eneratian  of  ihr  nervr^.  hut  is  easily  inhibited  by 
'  re  located  in  the  myoneural  junction. 
•irrrni  through  the  glaadi-  occurs  as  a  secondary  cllect  of 
'oueucd  action.     A  coinmon  effect  of  pilocarpin,  a  hyprrrmin  of  the  skin  (resulting 
^<*CMaK  of  its  temperature),  may  pus»ib]y  be  due  to  ibc  increased  activity  of  the 
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The  iiicrca*«d  circulaliyn  of  the  skin  h  said  to  increase  ihe  growth  of  hair,  nod  to 
darken  iUt  color.     'I'hc  statement  may  be  doubted. 

Gastric  Secretioa. — The  quantity  and  the  fenneat  coateot  of  the  gastric  juice  are 
incrciised  (Chiari,  191,5). 

Pancreatic  Secretion. — Lannoy,  1905,  cl&imcd  that  this  is  not  increased  if  the  pylorus 
Is  Ugutet).  He  UuTcfnrc  believed  that  the  ordinary  increase  is  indirect,  due  to  the  in- 
creased accretion  of  add  in  the  stomach,  and  therefore  increased  production  of  secretin. 
Camns  and  CAcy,  itjij,  fin'l,  however,  that  it  is  eflct  tive  even  wiien  the  small  inlestioe 
has  been  removed,  sa  that  it  must  act  directly  on  the  pancreafl. 

Lacteal  Secretion. ^Ot t  and  Scott,  tgti,  coniirm  Roehrif  that  this  i^  somewhat 
increased,  tlie  elTect  bring  aboli.sbcrd  by  atropin. 

Urine  and  Bile. — Pilucarpin  has  no  direct  action  00  glycogenolysis  (McGutgan, 
19161.  Kepeatcd  injection  of  Urge  dose*  produces  diuresis  and  glycosuria,  which 
Waterman,  191 1,  attributes  to  increased  nermeabitity  of  the  kidncj-s.  Ordinarily,  tbeic 
is  nn  direct  action  on  the  urine  or  bile  (MacCollum,  190O;  however,  the  great  loss  of 
fluid  by  other  ch-rnnels  usuiilly  diminj-^iies  the  water  nnn  chlorid  of  the  urine  (Ashcr, 
ij»os;  Cow,  1911),  Cow,  and  Macht,  igi6,  also  describe  stimulant  effect  on  the  Nrtttr. 
This  h  paraly/.ed  by  Iiij^li  conLenlriilions, 

Drugs  on  Bile  Duct.—Valer's  papilla  is  closed  by  intravenous  injection  of  morphin. 
epincphrin,  liislnmin,  caflcin.  larRc  doses  of  alropir,  and  especially  by  pilocaritin.  It 
is  relaxed  by  papaverin.  yohimbin  and  nitrites  (Reach,  H>i4). 

Cere bro -spinal  Fluid. — This  is  Increased  by  the  rcspirutor>'  embarrassment  ^Dixon 
and  Ifalliburton,  cgi^t). 

Sialagogue  Action  in  Man. — Five  to  10  mg.  of  ptlocarpln,  b^  mouth.  Increases  the 
volume  of  .<uliva  considerably.  The  percentage  of  irturganic  Milids  is  unchanged;  that 
of  oiganic  soUda  shows  an  insignificant  increase.  The  proportion  of  ptyatin  is  markedly 
diminished,  but  its  tutul  ijuanlity  is  con^idirrably  iticrea^d  (Ewing,  lyii).  The  com- 
position of  ptlorarpin  saliva  is  not  changed  by  the  injection  of  sodium  phosphates. 
sulphate  or  cnrbonate.  or  of  rIucosc,  unU-ss  toxic  doses  arc  given  (Aslier,  too8).  The 
subijiaxillary  gland,  when  perfused  u'itli  Locke's  solution,  can  be  provoked  to  secretion 
by  pilocarpin,  but  not  by  chorda  slimulaiion  (Ucmoor,  1912). 

Therapeutic  Use. — The  siaiagoguc  action  is  employed  (10  nig.,  J^ 
gr.,  by  mouth,  three  or  four  times  a  day)  again.st  poisons  which  suppress 
this  secretion  (atropin,  mcat-poison3,  etc.).  The  increased  secretion  of 
muuis  may  be  used  in  dry  cough.  This  also  results  in  looscninR  croupous 
membranes.  The  Increase  in  biliary  mucus  is  said  to  facilitate  the  passage 
of  ^all-iionrs.     Its  utility  is  doubtful. 

Diaphoretic  Action. — To  jiroduce  this  effect,  pilocarpin  should  be 
injected  hypodcrmically  {5  mR.,  i'j  2  g^Ot  Lhe  patient  being  kept  warm. 
This  dose  may  be  repealed  in  half  an  hour  if  necessary.  Several  liters  of 
alkaline  sweat  may  be  excreted.  There  may  be  considerable  nausea  and 
depression,  and  with  larger  doses  even  serious  collapse,  especially  in  chil- 
dren. As  has  been  said,  pilocarpin  should  be  avoided  in  pulmonar>' 
disease,  since  the  increase  of  mucus  and  the  action  on  the  circulation  may 
result  in  dangerous  pulmonary  edema.^ 

The  diaphoretic  action  is  used  especially  in  nephritis^  to  idlieve  the 
kidneys  and  to  remove  the  to.^c  metaboliies. 

In  paralyses  of  the  cortical  psychomotor  region,  the  corresponding  parts  of  the  skin 
are  said  (o  perspire  especially  strongly  In  response  to  pilocarpin  i^Dikelcs  and  Gerstmaon, 
1915)- 

Other  Diaphoretics  (Sudorifics  or  Hydrotics). — The  secretion  of  sweat 

may  be  increased  (i)  by  stimulating  the  secretory  structures,,  (d)  per- 
ipherally (pilocarpin)  or  (b)  lite  sweating  center  tcamphor,  ammonium 
Bcetate);  or  (2)  by  increasing  the  cutaneous  circulation,  (ti)  locally  (mus- 
tard; external  heat)  or  (b)  through  the  vasomotor  center  (internal  heal; 
alcohol,  salicylates,  acetanilld,  nauseants,  etc.). 

'  The  edrmn  prodttced  by  the  druo*  of  thii  urne%  cotuiMJi  rather  In  the  upitaiion  of  the  hron- 
ctu>i  eniuian.  ttun  In  1  true  tcfous  efiuxion.  Injury  to  the  wbUs  of  the  capillaries  if  •  neccMarr 
foclur  fur  Ibe  lAttci. 
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OUndren  sweat  more,  old  people  less  easily,  than  adulu.     Amongst  animals,  horses 
kt  moat  proftuely;  pigs  aod  beef,  not  very  readily;  dogs,  rabbits,  and  sheep  not  at 
t«ll;  cats  only  on  the  paws. 

Indicniiotts  jor  DiaphorctUs. — The    various   sudorific   measures  spe- 
[o&Uy  adapted  lo  ihe  differenl  ladicaiions,  are  as  follows: 

1.  For  the  Absorption  oj  Edemas  and  Exudates. — A  powerful  action  is 
needed:  pflocarpin  combined  with  external  heat  (hot  baths  or  packs). 

7.  To  Rdiere  Inflamed  and  Overtaxed  Kidneys. — The  large  amount  of 
luid  and  excrementitious  material  rcmo\xd  by  a  thorough  sweating 
«curR  functional  rest  to  the  kidnexii  and  lowers  blood  preisure.  Here, 
alu,  pilocarpin  and  hot  baths  are  preferred. 

OrdinKty  sweat  (Hoelscher,  1904}  contaiiu  0.22  lu  o.^i  per  cent,  of  ash,  and  0.043 
toM&4  per  cent,  of  nitrogen,  mainly  in  the  form  of  urira.  (0.385  per  cent,  of  NaCl 
Urfo.Jt  per  crnt.  of  urea;  Kovesi).  The  daily  cutaneous  excretion  of  nitrogen  b  from 
ft]  to  I.M  Gm.  (Benedict,  t(>o^;  Schwenkcnbacher  and  Spitts,  1907).  The  »w-eat 
notttd  under  the  influence  of  pilocaipin  cunlaiiis  in  normal  individuals  0.051  to  0.0&S 
pirttDL  of  nitnigen,  and  o.jrs  to  o.ji  (ler  cent,  of  a<.h.  Three  liters  of  sweat — a  not 
naaii  quantity  after  pilocarpin — would  therefore  remove  about  3.5  Gm.  of  nitroRcn. 
laafphntts,  the  nitrogen  content  may  be  much  higher,  to  0.288  per  cent.;  so  that  the 
)  Uteri  could  remove  to  8  Gm.  of  nitroften.  This  indicates  how  efficiently  the  kidne>'5 
■)}'  be  relieved  by  diaphoresis.  This  is  also  shon-n  by  the  examination  of  the  blood; 
tbc  ibnormally  great  depression  of  the  freezing  point  of  the  bUxid  of  uremic  patients 
mf  be  reduced  to  normal  by  diaphoresis  (Bcnaix,  1904).  The  freezing  point  of  the 
mdof  normal  aniraaU  k  not  affixted.  Alimentary  glycosuria  could  ills**  be  prevented 
h  (m  diuresis,  the  excess  of  sugar  being  excreted  by  the  skin.  Iloivcvcr,  .Austin  and 
»illrr,  1VI4.  could  find  no  evidence  that  sweat  baths  materially  dimim'sb  the  nitrogen 
trtcatioa  in  nephritis. 

>■  For  Ike  removal  of  poisom.  especially  in  chronic  intoxication  by  the  metals.     The 

(«acy  u  rather  doubtful.    Hot  baths  aod  drinks  would  be  used. 

4.  To  reestablish  disturbed  circulation  in  the  skin,  and  thereby  to  reitew 
t^Htjtion  of  internal  organs:  Oiis  determines  their  use  incolds,  rheumatism, 
(tc-.  in  cold  skin  from  whatever  cause;  in  inflammations  of  the  lungs, 
plwra,  etc.  Relatively  mild  diaphoretics  suffice  for  this  purpose:  Exlcr- 
ulheat;  hot  drinks  (teas,  tcmooade  or  alcohol);  Sweet  Spirits  of  Niter; 
Dover's  powder;  salicylate,  etc. 

%•  IV  (ncreaMrd  vascularil)'  of  the  nkia  is  also  used  to  hasten  Ihe  outbreak  otfeMIt 
"»irtr«a|j,  ta  pramote  the  abiorptton  of  salves,  etc.  Further,  in  certain  Jiseaxet  of  Ike 
••■•Wrc  lis  nutrit'on  is  defective. 

ft.  In  nbtiity,  wilhhnliiinK  carbohydrates  at  the  same  time,  to  oblige  the  body  to 
w»tl»c  water  which  it  rcfjuircs.  by  the  combustion  of  its  adipose  tissue. 

7.  To  incraue  thr  aJb.Uinilf  of  /Ac  tixtufs,  in  goul,  oxybulyric  acid  coma  (diabetes), 
*fc  Dnm  which  ^tlimulate  the  glandular  activity  directly,  such  as  piltvarfnn,  must  be 
•P"*)r<d  nere,  since  the  sweat  b  acid  only  when  produced  in  this  manner.  This  rc- 
""^ of  add  is  so  marked  that  the  urine  of  healthy  individuals  may  be  made  markedly 
y^ly  l)y  an  injection  of  pilocarpin.     The  acidity  of  the  gastric  juice  may  also  be 

^y  la vpkiuUmotogy,  diaphoresis  has  been  found  us^^ful  in  congestive  and  exudative 
**|Maf  the  uveal  tract,  in  retinal  detachment  and  in  toxic  blindness;  It  Is  useless  ia 
**I*fcaiid  cicatricial  legions. 

PQocarpln  oa  Unstriped  Muscle. — The  stimulation  of  the  myoneural 
itBCtkin  of  the  cranio-sacral  autonomic  ner\'es  results  in  contraction  of 
**t  imsiripcd  muscles  (not  of  the  blood  vessels).  The  intestines  arc 
*^«iafly  stimulated,  with  diarrhea  and  colic.  The  stimulation  extends 
•"loiiie  muscles  of  the  bronchi,  uterus,  ureter,  bladder,  spleen,  stomach, 
***•  However,  the  nausea  and  etnetir  action  are  essentially  central 
^^lioum  and  Hatcher,  iqis).  The/  are  antagonized  by  ati^pio 
iWston,  1916). 
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The  location  of  the  intestiiial  action  wub  doiribcd  on  p.  369;  ifac  action  oa  ihc 
Utenu  on  p.  170.  The  uterine  stimulation  h  rather  weak  ant)  inconstant  [Gunn  uul 
Gunn,  I9I4J-  Ncukircb,  1913,  nnds  that  tlic  action  on  the  cxdsed  inlutine  i*  purely 
stimulant,  even  with  5,cx)o  times  the  effective  du&e.  The  action  can  be  rcmo^td  l^ 
washing;  but  during  the  passage  or  the  piloc^irpin  out  of  the  celk,  there  seems  to  be  a 
supplementiiry  stimulation,  the  reverse  of  Straub's  muscarin  phenomenon  (tee  p.  37J). 
The  bronchial  muscle  constricts  (Dixon  and  Brodic),  even  nuuidc  of  the  body  {Tren- 
delenburg, 1913);  see  p.  275.  Leucocytosis  results  from  the  contraction  of  the  spleen 
and  lymphs  {Harvey,  1906).  The  gail-hlatlder  is  stimulated  (Lieb  and  MtWhoricr, 
19151- 

De7«lofnneot  of  Ot«l — Sullmann,  1904,  has  described  the  phenomena  of  ant 
with  atropin. 

Eye -Effects.— The  applicatian  of  pUocarpin  produces  miosis  and  s( 
of  accommodation,  by  peripheral  siimulatiun  of  the  oculomotor 
268).  The  intraocular  tension  is  affected  as  with  physostjgmin,  first 
raised,  followed  by  more  persistent  fall.  Pilocarpin  hydrochlorid  in  3-^ 
to  4  per  cent,  solution  is  applied  as  a  milder  substitute  for  pbysostjgmin 
in  glaucoma,  corneal  ulcer,  etc. 

The  miosis  bepins  in  fifteen  minutes  (independently  of  the  concenlralion):  reacha 
its  maximum  la  thirty  to  tifty  minutes,  and  disappears  in  twenty  to  twenty-four  hours. 
The  spai^m  of  accommodation  also  begins  in  fifteen  minutes,  and  lasts  about  two  and 
one- ha  If  h<»ufs. 

Suprarenal  Stimulatioa. — Dale  and  Laidlaw,  1912,  describe  evidences  of  oculo- 
mntcirAtiniuliiiiiin  vvtn  if  the  cervical  ganglia  have  been  excised,  but  nnl  if  ihesuprarroaJ 
has  t>ecu  removed.  They  ascribe  this  to  stimulation  of  the  suprarcnula  to  iacreaacd 
production  af  eptnophrtn.  There  i«  a  similiir  condilion  as  regards  the  uterus.  Jackson^ 
1913,  accepts  the  &ame  explanation  for  a  dilator  cCcct  on  broochiAl  mu&cle. 

Circulation. — Pilocarpin  first  stimulates,  and  then  paralyzes  the  vagi 
peripherally,  and  therefore  produces  Mowing  un  frogs,  diastolic  stand- 
still, Harnack  and  H.  Meyer,  1880),  followed  by  quickening  of  the  heart 
rate.  In  mammals,  the  stage  of  stimulation  and  slowing  is  very  short; 
it  may  be  entirely  absent  in  dogs,  and  often  in  man.  In  these  the  blood 
pressure  rises,  partly  from  the  faster  heart,  and  perhaps  partly  ihioi 
stimulation  of  the  vasomotor  center. 
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Perfused  blood  vessels  are  dilated  (fro|:8,  Froelich  and  ?ick,  1913;  lung.  Baehr 
Piclt.  1913).     Bertzin,  1914,  claims  constriction  of  the  lung  vessels. 

pVog's  Heart. — The  slowing  occurs  after  nkotin  (Gaisboeck,  191 1)  and  Is  therefore 
probably  poslgangliunic.  The  vagus  excit;ibility  is  increased.  Combinations  with 
muscarin  give  additive  effect*:  physosiigmin  does  not  (I.oewi,  191  a).  In  the  Bccoodar>- 
vagus  depression,  stimuUtion  vi  the  sinus  produces  but  little  !Jowing,  showing  that  this 
action  !!>  also  hirgely  [loslgangi ionic.  Itign  concentrations  paralyze  the  cardiac  ixiU5Cle. 
Small  doses  of  chloral  by  depressing  the  cardiac  muscle,  delay  the  escape  from  vagus 
inhibition,  whether  by  pilocarpin,  musrarin,  or  electric  stimulation  t1.oeni,  1917), 

Exch^  Mammalian  Heart  (liedbom-].angendor1!). — The  effects  arc  similar  to  the 
frog  heart,  buC  the  stage  of  vugus  btimulution  is  short:  the  rate  is  suddenly  slowed:  this 
lasts  but  a  sliort  time,  then  there  [s  marked  quickening  with  incre.i^d  tonus  (pori[theraJ 
paralysis  of  vagus).  If  the  auriculo-venlritular  bundle  b  divided.  ptltKarpin  or  mus- 
earin  does  not  produce  inhibition  (CuUi?  and  Tribe.  1913);  nor  do  they  inhibit  isolated 
ventricular  strips  (Leetham,  tgij).  Their  action  must  therefore  be  on  the  auricular 
vagus  terminations.     Large  dowrs  paralyw;  the  muscle. 

Central  Nervous  Sjrstem.— The  actiun  is  weak  and  appe-ini  Lite,  so  that  it  is  cnlinJjr 
overshadowed  by  the  peripheral  actions.  The  effects  arc  inainly  Jfprtising.  Vasomaler' 
paralysis  is  a  ratlicr  early  and  prominent  symptom;  it  leads  to  dyspnra.  Later,  the- 
respiratory  center  is  also  depressed.  The  motor  centers,  especially  those  of  the  ootd* 
show  some  stimulation  [increased  reflexes,  tremors,  con\-uIsions)  and  later  pcrmlynu 
Thc  emetic  center  is  stimulated. 

AtetiiMism. — Pilocarpin  somewhat  increases  COt  production  and  tcndt  to  raiie 
the  temtierature.  even  in  curari/.ed  animals.,  i.e.,  by  direct  siimutationof  theglattdsand 
un»triped  muscle.  Mendel  and  Stchle,  1915,  claim  that  pilocarpin  and 
lants  of  digestive  glands  increase  the  excretion  of  uric  acid. 


PHYSOSTIGMIN 


SOI 


Fits  and  Ezcretioa. — A  largr  part  is  pxcre(«d  unchanged,  but  in  combination,  by 

lia  urine  (Curd  I. 

Symptoms  of  Poisoning.^The  loxicology  of  pUocarptu  is  not  very  important.  The 
ij'nptonu,  which  apply  alw  to  mujcarin,  he^in  with  a  f;rcatly  increaiien  secretion  of 
Mlira,  sweat,  and  tcan;  then  nau»ea,  profuse  vomiting,  and  painful  diarrhea;  pupillary 
ronlnkction  and  spasm  of  accommnciatron;  pulse  variable  in  rale,  lease,  andarylhmic; 
pUpiution;  di-spnea  niih  rile*;  sometimes  confu*ion  of  ideas,  vertigo,  tremors,  and 
'aiiie  aiD\'uUiuns.  Death  occun  either  by  parBl>*sis  of  the  heart  or  edema  of  the  lungs. 
Vnlofpard  effetts  from  the  alimentary  canal  are  seen  most  frequently  if  the  drug  is 
pvn  by  aioutn.  but  occur  sI»o  on  h>-podermic  adminiftration.  They  consist  in  very 
ptolongcd  and  drprrssin^  nausea  ami  vomitinj;,  sometimes  leading  tocoUapse.  The 
diMirfaaacc  of  accommodation  causes  misty  vi&inn.  A  burnine  sensatJoEi  in  the  urc- 
;ViLh  iudden  and  irresistible  desire  to  urinate,  is  often  obscrxxd. 

iL — Atropin  is  a  physiologic  .intidotc.     Otherwise,  the  the  general  trtat- 
ilkaloidal  poisoning  vrould  be  employed. 
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*htMdfp.  nyJrocht.,  U.SJ.;  CiiH,|N,Oi.HCI.— Very  »ol.  in  water  (1:0.3). 
tuets  the  Nitrate. 

'KotarptHir  Mtras  fPilocarp.  Kit.),  U.S.P.,  B.P.;  CuHifKiOt-HNOi. — Colorless, 
^""  bitter  crj-stals.     Freely  sol.  in  water  (1:4).     Dose,  10  mg..  H  S'-t  ^V  moulh; 
irmic.  5  mg..  Ha  gr.,  U.S.P.;  j  to  12  mg.,  Ho  to  ^4  gr.,  B.P.     Maximumduse. 
■  Hsr. 

■.vput,  U.S.P.  (Jaborandi). — The  dried  leaflets  of  Pilocarpus  species,  yielding 
MW  than  O.A  per  cent,  of  alkaloids. 
/Unrf.  Piiocarp.,  L'.S.P. — About  0.6  per  cent,  of  alkaloids.     Dose,  2  c.c,  jo  minimi. 
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Gtnerai  Statement.— Physostigm in  (also  called  Esertn),  the  alkaloid 
bI  Physostigma  or  "Calabar  bean,'  stimulates  the  peripheral  structures 
*Uch  are  paralyzed  by  alropin.  It3  moat  imjMrlant  actions  consist  in 
powerful  contraction  of  the  smooth  muscle  of  the  eye  (miosis)  and  intes- 
line.  It  is  employed  in  eye  diseases  {glaucoma,  etc.)  and  in  intestinal 
P«ws.  The  glandular  stimulation  is  less  marked  than  with  pilocarpin. 
ll  ibo  causes  fascicular  tuitching  of  striped  muscle  and  is  mutually 
UUgonisiic  with  curare  and  substances  having  a  curare  action.  On  the 
Wital  nervous  sytem,  the  effects  are  mainly  paralyzing.  They  have  a 
*«itolopc  importance  and  limit  its  internal  use. 

Actions  on  the  Eye. — Physostigmin  causes  constriction  of  the  pupils 
l&oivcrcd  by  Fraser  of  Edinburgh,  1863);  spasm  of  accommodation 
W  vision");  twitching  of  the  eyelid  and  lowering  of  the  intraocular 
Wsure.  These  actions  are  due  mainly  to  increased  excitability  of  the 
'tuloinotor  endings  or  myoneural  junction.  The  effects  of  phN'Sostigmin 
^  b(  removed  by  the  application  of  atropin,  and  vice  versa;  but  this 
^^vti  much  larger  doses  than  does  a  normal  eye. 

iVtction  oa  the  pupil  api>cars  somewhat  earlier,  and  lasts  somewhat  longer,  than 
^«iKtommodalion;  on  local  apj^icalion  of  a  i  per  cent,  solution,  the  mitnif  begins 
■Jw within  ten  minutes,  reaches  iLs  matimum  in  thirty  to  fifty  minutes,  sta>*8  maxima) 
"•J^  or  four  hours,  and  then  disappears  gradually  in  three  or  four  da>'s.  The 
W^tignun  conlfaction  is  greater  than  can  be  produced  by  the  strongest  light, all  hough 
■*'P''T*>'tignun  pupil  contracts  further  even  to  weak  light.  With  the  maximal  con- 
^^'w,  Ihe  pupil  is  generally  irregular  in  shape.     Physostigmin  u  much  more  effective 

*™telcling  the  mydriasis  of  cocain  ihnn  that  of  utropin. 
^^ tPvm of  <tccommodiiJiitit  begins  in  .ilhiut  twenty  minutes,  and  passes  oQ  in  about 
**  MO  ooe-|j*If  hours,  leaving  the  extilabiiity  somewhat  incriMsed.     Through  the 
^lywW  of  the  ciliary  muscle,  the  lense  becomes  more  spherical,  and  objects  appear 
■"■W^and  more  distjiat. 
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Localizaiion  of  Action. — Paralysis  of  the  sympatlietic  may  be  excluded, 
for  stimulation  of  this  nerve  dilates  the  pupH  somewhat,  even  when  the 
physosLigmin  eSect  is  complete.  The  muscle  may  also  be  excluded,  for 
no  miosis  occurs  if  the  oculomotor  endings  have  degenerated  (after  section 
of  the  short  ciliary).  The  action  is  therefore  a  stimulation  or  increased 
excitability  of  the  oculomotor;  and  since  it  occurs  on  the  excised,  eye,  the 
effect  must  be  on  the  endings.  The  antagonism  with  atropin,  etc., 
discussed  on  p.  26S. 


a 
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U  the  experiment  h  Arrannred  so  that  the  s>inpatl)ctic  is  left  intact,  while  the  ibort 
ciliary  Ls  divided,  physti^tigmin  will  not  constrirt  ihe  pupils,  (even  if  the  oculomotor 
endings  arc  intact),  because  the  ph^'sogUgmin  stimulation  is  evidently  unable  to  over* 
come  Llie  sympathetic  tone.  Since  the  physoslij-nun  easily  overcomt-s  the  sympslbetk 
tone  if  Ihe  oculomotor  tone  is  intact,  it  has  been  argued  that  the  ph>-so(tigmin  action 
dues  not  consist  in  direct  stimulation,  but  in  increase  of  excitability  to  the  normal 
oculomotor  impulses  (Meyer  and  Gottlieb).  It  is  possible  that  this  pbeaomcnoQ  is 
related  to  synergism  (Dixnn  and  Ran.som,  tQi3}. 

Intraocitlar  Tension.~ln  Ihe  normal  eye,  phi-sostigmin  produces  a  slight  fall  (5 
to  3  mm.)  lusting  some  twelve  hours  (Lucbs,  1913;  bfyui^hila,  1913).  The  fall  is  moit 
marked  in  iiUucoma  (Hollct  nnd  (!urtil,  igii). 

Therapeutic  the  of  OadomoUtr  Actions. — Physostigmin  may  be  used 
counteract  the  effects  of  atropin;  to  break  up  adhesions  of  the  iris  and  lens 
(in  alternation  with  atropin);  in  the  treatment  of  peripheral  corneal  u! 
and   to  lower  the  intraocular  pressure  in  f;!aiieoma  (see  p.  2S4). 
continued  use  of  ph>-sosligmin  or  pilocarpin  produces  distinct  amelion| 
tion  of  the  glaucoma  symptoms,  often  more  than  iridectomy;  but  they      _ 
of  course,  not  curative  (Posey,  1914).    The  mechanism  of  its  action  in 
ulcer  is  not  understood;  it  is  perhaps  explained  by  contraction  of  the  iris 
vessels. 

,•1  ppUcaiion. — Ph>'soatigmin  is  always  used  locally,  in  }^o  to  '  P^  cent, 
solution  of  the  sulphate  or  salicylate  (in  glaucoma  o.i  to  o^  per  cenL, 
two  to  six  times  a  day).  Solutions  of  0.5  per  cent,  and  higher  sometimps 
cause  considerable  irritation  and  pain.  This  is  lessened  by  employing 
an  oily  solution  of  the  free  alkaloid.  Casey  Wood  advises  the  addition  of 
of  I-5  per  cent,  of  cocain  to  ?-f  q  P^i"  cent,  of  physostigmin;  or  pilocarpin  or 
arecnlin  may  be  substituted. 

Intestine. — Physostigmin  greatly  increases  the  gastric  and  intestinal 
movL-mcnts,  acting  dircclly  on  the  nerve  endings  (sec  p.  375).  With 
therapeutic  doses  the  pcristallic  movcmcnta  are  more  active.  Toxic 
doses  produce  tetanic  contraction  of  the  gut.  The  action  is  utilized  in 
intestinal  paresis  (postoperative  ileus,  etc.),  2  mg.  O^o  gr.)  hypodermically 
(larger  doses  would  be  dangerous).  Cannon  and  Murphy,  1907,  have 
shown  that  it  has  a  marked  effect,  lasting,  however,  only  a  few  hotxrs^ 

Other  unstriped  muscles  crtntracted  by  phy&ostigmin  are  those  of  the  bladder,  tpleea, 
ureter,  uterus,  arterioles,  and  bruncluut  muscles. 

Glandular  SecretioDB.— Physu[tti>;min  stimulates  the  ume  {(lands  as  pilocain^ 
(except  milk;  Ott  and  Scott,  1912);  but  the  increa»e  of  Mnrelion  is  much  less  ntajkcd, 
being  counteracted  by  the  vasoconstriction.  Like  other  intestinal  BlimuUntt, 
physoMisniin  increases  the  elimination  of  uric  acid  (.\bl,  1913). 

Striped  Muscle. — The  fascicular  twitching,  and  tbe  antagonism  with  curare,  were 
discuucd  on  p.  368.  A  similar  antagonitmi  exists  between  phy«osti;;min  and  tnagnJesiiUi 
salts  (MelUter  and  Aucr,  1906;  Joseph,  1908;  Joseph  and  Mcllzer,  1009). 

OjTulation.— In  mammals,  ordinary  doses  slow  the  heart  by  vagus  stimulation,  and 
raise  the  blonxl  pressure  by  \-asocons  trie  tion.  Large  doses  produce  further  alowinii  and 
fall  of  pressure.  In  man,  howc^'cr,  serious  dizziness  and  faintness  occur  before  tbe 
heart  rate  is  affected  (Robinson,  tgif).     In  frogs,  tlie  heart  muscle  is  stimulated  ctirvctljr. 
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VtUlit  contracU  more  strongly,  and  can  not  be  stoj^Dcd  by  va^us  stimulation.  The 
vtioA  of  csnluu:  dqirc^Mints  b  atjtagonUcd.  (This  stimulaol  action  is  not  noted  in 
BiinniM*-.) 

TIN  slowiitg  in  mammals  b  due  to  peripheral  vagus  stimulation,  sufiidently  power- 
W  to  counteract  even  atrapin  (Wintcrhcrg,  1907). 

Tkt  rij<  0/  pruture  must  be  vascular,  since  the  cardiac  output  Is  not  increased. 
Il  oetur*  o/ler  destruction  of  the  spinal  cord  and  must  therefore  be  peripheral,  ll  ia 
dKpirtly  to  the  contraction  of  the  intestines,  and  partly  to  direct  stimulation  of  the 
irtrrial  nin-i*e-eDdiDg¥.  It  docs  not  occur  after  apocodun  (Dixon,  1903).  The  Jail  c/ 
fmmrf  h  due  to  central  vasomotor  paralysis  and  to  cardiac  dcprcsHion. 

Ceaiial  Effects. — The  action  on  the  ccntraJ  nervous  system  is  first  tetanizing 
inmibaer,  1905);  then  rapidly  paralyzing,  beginning,  at  least  in  mun  in  the  t^nitr  pot- 
■mix,  10  ihal  amsci6itsncx%  is  prtirrvtd  tu  the  end.  The  rrspiraiicn  is  at  fir^t  increased; 
tfuiidue  larnly  to  stimulation  of  the  afferent  endings  of  the  vagi;  for  the  quickening 
iiMiefa  less  after  the  vagi  have  been  cut. 

Tien  are  also  other  evidences  of  stimulation — excitement,  etc. — but  the^e  have 
ken  cocnderctl  secondary  to  rtspiralory  paralytt!,  the  central  actions  of  Ihe  alkaloid 
Waifc  Dainly  depressing.  Dyspnea  is.  a  marked  fymptom,  due  to  paralvMs  of  the 
lopottory  center  and  snosm  of  the  bronchial  muscles.  Asphyxia  fonns  tlie  cause  of 
tefe(Baroack  and  Witkonski,  1S7C). 

Itc  depressant  action  of  ph>-so3tigintn  has  ted  to  its  therapeutic  trial  in  epilepsy, 
dtom,  tetjiaus,  etc.,  without  much  i^Lccess. 

Ffaddit  or  Jamaica  dogwood  is  a  similarly  acting  drug  which  was  introduced  aa 
lUrcuUc  but  isciitirrly  ust-ic^s  for  this  puqiosc  (Tyrodc  and  Nelson,  1505). 

Pfe^lMllgmln  Poisoninff. — The  sympiems  consist  in  restlessness,  weaknefu,  nausea, 
veainac.  sotnclimes  purging;  epigastric  pain;  rarely  mio^^is;  salivation,  lachrymaticn 
udnnating,  palpitation  with  slowed  pulse;  dyspnea;  muscular  tnitchings;  convuluotut. 
Dntli  occun  by  paralysis  of  respiration,  unaer  general  coUupsc,  with  the  reflexes 
pnervfri  to  the  end.     The  fatal  dose  is  not  known. 

The  locauoD  of  the  cfn^ic  octian  has  not  been  definitely  determined,  because  of  the 
diSmlty  of  fuing  the  emetic  dose  (Eggleston  and  Hatcher,  kjis). 

Tkt  Treatment  of  Physosligmin Poisoning. — This  consists  in  evacuation, 
stinuknts  and  atropin  {}4  to  i  mg.). 

Fnuer  found  that  snial!  doses  of  atropin  saved  animals  from  three  times  the  fatal 
dsacuf  physojtigniin;  but  that  larger  doses  arc  syncrgbtic;  Curare  and  Magnesium  are 
i&clive  in  ibe  latinratory,  but  arc  lixi  dangerous  far  man. 

Fite. — Physosttgtnin  is  not  destroyed  by  Frog's  liver  (Clark,  1919). 

PEEPARATIONS PHYSOSTIGMIN 

'PkyTctjligmiint  .Satkyhs  {Physosligmin.  Sal.),  U.S.P.  (Eserin  Salicylate);  CuHti- 
N|0>r»II(Ot. — Colorless  or  faintjy  yellow  crystals;  of  dightJy  bitter  laste.  Soluble  :n 
water  (1:751  ^"^  >°  ^'^-  I>os€,  1  mg.,  }^q  gr.,  U.S.P.  Alaximum  du^e,  i  mg.,  fig  gr. 
Watery  *aIutions  of  Phystjsligmin  salts  Inot  ihc  dr>-  sails)  osridizc  under  the  influence 
of  &ht.  air,  and  the  alkali  of  gloss  vessels,  acquiring  a  pink  color  (due  to  "  rubrrsrrin." 
Wooffia,  lOij)-  Such  colored  solutions  *ihnii1ii  twt  l)c  employed;  IIalhiucr,i899, 
■Caici  that  they  are  more  irritant,  although  the  miotic  action  is  not  impaired.  The  dc- 
coanposttJan  b  retarded  by  the  addition  of  a  little  boric  arid. 

rkjitlig.  Sulpk.,  B.P. — More  freely  soluble,  but  less  stable.     Dott,  1  to  3  nag., 

Ltim.  Fkysoslig.,  H. P.— 0.065  mg.,  'i.tmo  gr* 

Pkyt^^lwM,  U.S.P.  (Calabar  Bean). — The  dried  ripe  weds  of  Physosltgma  veneno- 
MOa,  yiddiag  not  \tAf.  than  o.i.<;  per  cent,  of  alkaloids:  mainly  phy!>o«tigmin;  also  small 
^Botitics  (s  the  related  cseridin,  and  of  rscramin.  (('alabarin,  u  »tryuhniti-likc 
dfcaloid,  was  formerly  stated  aa  a  constituent,  but  has  not  been  confirmed.)  Tbc  drug 
was  iaUoilu(.e<l  into  rlngland  about  1840.     Dose,  0.1  Gm.,  i>^  gr.,  U.S.P. 

EM.  J'kysoilisnatif.  L'.S.P, — A  powdered  extract,  i  Om.  representing  tj  Cm.  of 
dntt.  r  per  cent,  tif  alkaloids.     Dost,  &  mg..  ,^  gr,  U.S.P. 
^    j"r.  Pkysauig.,  U.S.P. — 10  per  cent-     Dose,  t  cc,  15  minims,  U.S.P. 


MUSCARm 


Mtiscarin,  an  organic  ammonium  base,  found  \n  a  mushroom,  and  a 

*jasc,  prepared  sv-nthetically  from  choUn,  produce  effects  closely 

ibling  those  of  pilocarpin;   namely,  typical  peripheral  stimulation 
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of  the  parasympathetic  system,  i.e.,  all  the  effects  of  pQocarpin;  and  also 
a  nicotin  and  curan'  acrtlon. 

The  most  characicristic  action  of  muscarin  is  a  vagus  standstill  of  the 
frog's  heart.  Its  interest  is  mainly  sci'i:ntific,  and  to  some  extent  toxi- 
cologic, since  it  occurs  in  the  most  poisonous  fly-mushroom. 

ConstitudoD. — Muscarin,  a%  Isolated  by  Schmt^debcrg  and  Kopp«.  i86q.  from  iht 
flvaguic  (o.ot6  per  cent,  in  the  frcsb  fungus;  Harm^cn,  1903),  b  a  substituted  anuno- 
nium  baae: 

<CH,CH(OH), 
OH 
It  it  closely  related  to  cholin  {trimcthyl-oxyethvl-ammooium  hydroxid: 

/CH,.CH,OH 

\0H 


d 


Synthetic  Muscarin. — "Synthetic  Muscarin"  is  prepared  artificially  by  the  oxida> 
tion  of  cholin  ("  cholin-muscariD "}  and  was  supposed  lo  have  the  same  compositioD: 
later  investigation,  however,  showed  that  it  is  the  nitrous  ester  of  cholin  ( Dale  and  Ewins. 
1914),  Its  actions  aj^rL*r  uuulitatively  with  thu5c  of  tbe  natural,  but  exhibit  quantitative 
differences;  the  natural  being  ten  times  stronger  on  the  heart,  whilst  the  s>-iithetic 
produces  more  pronounced  nicotin  and  curare  actiuns  (Schmiedcberg  and  Harnack, 
1876;  Bochm,  t8fis;  II.  Meyer,  189,1;  Honda,  igii).  The  antagousm  to  atropin  is  also 
less  complete  with  the  synthetic  bssc. 

Muscarin  Action  on  Frog's  Heart— Muwrarin  cAUses  slowing,  with  lessened  systolic 
and  incrcuH'd  diastolic  excursions,  and  finally  slofipagc  in  diastolf.  These  effects  re- 
semble thu^e  of  electric  vagus  stimulation  (iilso  the  elect rocirdiogram;  Samojloff,  1Q13}; 
and  the  results  of  subraaximal  vagus  stimulation  and  muscarin  are  strictly  additive,  bi 
frogs  (Honda;  O.  Locwi),  in  turtles  (Flcbthhaucr,  1911)  and  in  mammals  (Scbott, 
191 1).  Muscftrin  also  produces  additive  results  with  pUocarpin.  Large  doses  of  both 
paralyze  the  vagus  (Loewi)  and  the  ganglia  (Schott).  The  muscarin  effect  is  more  per- 
sistent than  trlcctrlc  vagus  »timulalton,  and  occurs  even  in  calcium-poor  hearts,  In  which 
ordinary  va,gufi  slimuK-Ltion  \i  ineffective  [Loewl,  191J). 

The  refractory  p^^riod  of  the  heart  to  artificial  stimulation  is  shortened  by  weak 
muscjirin,  as  by  vagiis  stimulation  (RoaHaub,  1914).     The  effects  of  muscarin  on  the 
electric  response  of  the  heart  was  investigated  by  Alines,  igt4. 

Perfusion  of  the  cxd^d  frog  heart  with  very  dilute  muscarin  in  Ringer's  solution 
produces  Mmuttancous  weakening  and  slowing.  H  it  is  jjcrfuscd  in  blood,  it  may  also 
slow  without  weakening;  whilst  prrftisinn  of  muscarin  blood  through  the  isolated  ven- 
tricle may  give  weakening  without  slowing  (Ka&Qaub,  1914). 

Location  of  Actinn. — In  mammaliun  hearts,  muscarin  causes  no  inhibition  if  the 
auriculo-vcntticukr  bundle  is  cut  (Cullis  and  Tribe,  1913),  or  in  ventricular  strip! 
CLcelbam,  1913);  but  in  frogs,  the  muscarin  standstill  occurs  also  in  the  isolated  apex, 
showing  that  the  stimulation  is  (icriphcral  to  the  ganglia;  and  since  it  can  be  abolished 
by  stropia  (Schmicdcbcrg  and  Koppc),  the  action  can  not  be  on  the  muscle.  It  il 
ihercfore  assumed  that  It  stimulates  those  endings  which  atropin  paralyzes.  If  mtis- 
rarin  and  atropin  are  exhibited  at  the  s.-imc  time  or  successively,  their  respective  quiui- 
Lides  will  determioe  which  predominates,  but  atropin  is  much  the  stronger.  Dru^i 
which  act  upon  the  ganglia — e.g.,  nicotin —  will  be  ineffectual;  but  the  standstill  may 
Ik;  raised  by  substances  cllccting  a  direct  sliraulalion  of  the  muscle  fibers — <.<..  ph>-9o«- 
;igmin,  vcratrin.  digitalin,  atiilln,  camphor,  guanidin.  It  should  be  added,  however, 
that  the  type  of  contractionK  under  muscarin  differs  in  some  respects  from  those  of 
vagus  stimulation  (Khodius  and  Straub,  190O.  This  may  possibly  be  due  to  the  action 
of  muscarin  being  exerted  on  the  myoneural  jundirtn,  rather  th^n  on  the  vagus  nerve 
mechanism  proper.  It  is  interesting  that  muM:arin  causes  an  acceleration  of  the  crab's 
henri,  althuugn  a  well-drlined  inhibitory  mi^chanisn)  exists  in  these  animals.  The 
expUnation  undoubtedly  lies  in  some  structural  peculiarity. 

The  observations  of  Siraub  on  the  penetration  of  miucarin  were  discussed  on  p.  ayj; 

action  on.  the  tntesiines  on  p.  275;  on  the  ureter,  p.  371;  on  the  broitckial  mutcle,  p. 
In  guinea  pigs,  it  may  cause  bronchial  spasm,  similar  to  that  of  anaphylaxis 

odrskewjiki,  ttfu).     It  b.a8  no  effect  on  lacteai  ifcretiatt  (Ott  and  Scott,  1912). 

Bxcr€lion. — In  toads,  this  occurs  quantitatively  by  the  urine  (fuehner,  190S  and 
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Active   Constituents. — Many  fungi  contain  poisonous  constituents, 

var>Tng  in  the  ditterent  species.     Ford,  1911,  1913,  has  studied  a  large 

miitiber  of  species,  and  finds  that  the  principles  toxic  to  man  belong 

taaxr&y  to  three  classes:  (i)  muscarin,  which  is  confined  practically  to  the 

"fly-mushroom,"  Amanita  rauscaria;  (2)  substances  producing  degenera- 

Itjve  changes  in  internal  organs  (especially  Amanita  phalloides);  (3)  sub- 

I  stances  producing  gastroenteritis. 

■       Ghicoudal  hcmoh'sins  are  al»o  present  in  Amanita  phalloides  and  several  related 

^L  nrittiei,  opcciall}'  m  Helvetia  csculcnu  (Ford.  1913!.     They  are  easily  decomposed 

^■t^hcil  ana  digestion,  and  are  therefore  not  concernetl  in  pcMSonous  eflects.     Agglu- 

^rlnMU.  perhaps  glucosidol,  are  also  widely  distributed;  some  of  thcK  are  not  destroyed 

(^hoflinif.  biit  they  arc  probably  not  palhogeoic  (Ford  and  Rwckwood,  1913).     Prac- 

tnlly  all  spedcs  o(  Amanita  slow  or  stop  the  fro|  heart  on  direct  application.     In  the 

OM  of  A.  phalloides,  this  is  not  due  to  muscunn,'  but  to  inorganic  .»alts  (Ford  and 

imb,  1914). 

From  Amanita  phalloides,  two  interesting  principles  were  isolated  in  pure  form,  one 

•  liciiKil):sin,  the  other  a  toxin.  Roth  are  antifien.<),  a  hiKh-valenci;  serum  being  obtaia- 
■bklfainal  the  hemolysin,  a  much  weaker  one  against  the  toxin.  Nevertheless,  the 
krulyiin  ts  a  typical  glucmid  (AIm-1  and  Ford,  1907),  identical  with  the  "plmliin"  of 
Kobtrt,  which  waa  formerly  considered  a  toxalbumin.  It  is  readily  destroyed  by  cook- 
iOt  The  toxin  (which  whs  considered  an  alkaloid  by  Kuberl>  is  ;iluni;  rvsjionsililr  fur 
tlx  tymptonu  of  poisoning  (widespread  fatty  degenerations  of  important  organs; 
Fad,  loot)  and  1909;  Alid  and  Ford,  1908].  Rabe,  1911,  claims  to  have  abobolatcd  an 
ilklUclof  muscarin  action. 

flpnphaiift  of  HtuhTOoni  PoisontnK. — These  mu<>t  vary  with  the  specie;!.  More  or 
1m  caautton  features  are:  AbdominiJ  pain,  naiiAc-t,  vamiling,  and  vinlcnt  dLtrrhea; 
nijthle  pulae;  Labored  respiration;  consciousness  unaflected.  or  delirium;  coma  or  con- 
nMoas.  Some  cau!«  fatty  degrnrrntioa  of  the  Uver  and  kidneyii.  Afany  mushrooms 
pmhltt  abdominal  s.ynip(oms  simply  by  being  indigestible. 

The  treatment,  would  \x  by  evacuation,  and  svmptomatic.  The  chance  of  poisoning 
tef  be  somewhat  dinrun!she<l  hy  prolonged  bttilint;,  jls  some  of  these  substances  are 
dunipased  in  this  manner,  but  reliance  on  this  would  be  dangerous.  Drying  does  not 
faiittli  the  toxicity.  Verrill,  191.1,  reports  symptoms  of  inebriation  (not  dangerous) 
Ixtttitlng  Puieoius  papllionacens  (Maine). 

*f"rt1"f'*  of  AnutnJta  Phalloides  Poisomnc. — The»e  set  in  after  a  lateol  period  of 
^  (0  mteen  hour?;  sadden  abdominal  p;dD,  with  vomiting  and  diarrhea,  containing 
Ihod  and  mucits;  rapid  \ois  of  strength;  cyanmi^;  death  in  two  or  three  days.  Histo- 
^tumination  shows  citcn-Mvt  neuro<i^  and  fatly  degeneration  of  visceral  organs 
pttil.  1913).  Uremia,  from  ercatly  impaired  kidney  function,  may  be  responsible 
HTput  of  the  symptoms  (Clark,  >far<ihall  and  Rnwnlree,  1915). 
.  BdB>Ie  Mtuhnnms. — ^The  food  value  of  mushrooms  is  populariy  supposed  to  lie 
"  »  Urj:e  percentage  of  assimilable  nitrogen.  This  U  not  borne  nut  oy  analyses;  they 
■iBauiB 0-1  per  cent,  in  the  fresh  condition,  or  o.\  to  1.6  when  dried;  i.c„  no  more  than 
WUoes,  and  only  onc-lenlh  as  miali  as  wlie;it  brvad,  nr  one  thirtieth  of  thai  in  lean 
■Ml.   As  the  fiber  of  mushrooms  h  also  quite  indigestible,  their  main  dietary  value  is 

*  *  (cKsfa  rather  than  as  food. 


CHOLIN 

Gfloeral  Statements.— Cholin  (trimcthyl-oxyethyl-ammonium) '  occurs 
v«coD5iituent  of  lecithin  probably  in  all  animal  and  vegetable  tissues, 
lithoogh  often  merely  in  traces.  It  is  probably  never  free  in  the  living 
tu«oes,  in  detectable  quantity,  but  may  be  liberated  by  putrefaction  or 
uiiciyai,  not  by  pepsin  or  tr>-psin  (Coriat,  1Q04).  It  therefore  occurs 
Ja  ofgan  extracts,  in  many  vegetables  ^Schulze  and  Trier,  1912)  and  in 
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certain  drugs  (especially  ergot).  It  may  be  liberated  in  intestinal  putre- 
faction and  thus  contribute  to  the  systemic  phenomena  of  constipation; 
but  it  is  readily  destroyed  by  the  intestinal  bacteria  and  is  less  toxic  than 
the  analogous  n'burin  and  various  amins  which  are  also  found  in  put 
faction.     Cholin  is  also  but  slightly  toxic  on  hypodermic  injection. 

The  peripheral  actions  comprise  two  independent  elements:  a  mus 
effect  (stimulation  of  parasympathetic  endings,  similar  to  ph}*sostigmin); 
and  a  nicoltn  effect  (stimulation  and  paralysis  of  autonomic  ganglia;  curare 
action  tin  muscle).  These  two  sets  of  actions  arc  produced,  in  varying 
degree,  by  alt  quaternary  ammonium  bases  (Dale,   1914). 

The  most  marked  efTects  of  cholin  are  on  the  blood  pressure,  which  it 
usually  lowers,  often  with  a  secondary  rise.     After  atropin,  it  producea 
a  rise  instead  of  fall.     This  curious  phenomenon  has  received  no  ss 
factory  explanation. 


aati^ 


Action  on  Blood  Pressure. — ChoUn  livneraUy  produces  a  marked  fall  of  blood  pressure 
(Mott  auil  HaUiburlun,  iS^y);  liut  sometimes  there  is  inslfttd  a  rise  of  pressure.  In 
cals,  the  rise  generally  fnHows  Ihc  fall  (Pal,  1131 1).  The  variable  response  does  not  de- 
peaci  upon  impurities  (Kcnshaw.  Underbill  and  Mendel,  loi;).  The  result  is  influenced 
by  the  dofte,  anesthetic,  and  other  ronditioriK  (AhderhaMen  and  Mueller,  ii>it).  The 
fall  predominates  if  the  blood  pressure  has  been  high  {BcocUl,  1Q14);  in  protracted  ether 
naroMis,  aad  after  some  sorts  of  curare.     It  counteracts  the  epinephrin  rise  (Gualrelet, 

n).  The  pressor  e^eci  is  more  prominent  in  light  anesthesia,  or  after  section  of  the 
dia  (Pal,  ipii). 

.-Vfter  large  uosea  of  atrcpirt,  cholin  gives  only  a  rise;  and  it  also  constricts  the  vessdi 
of  excised  and  perfused  org.in.';,  after  atropin  (Mueller,  1910).  Nicolin  does  ootact 
like  atropin  (Hunt  and  Tavcau,  iqii). 

Methinlsm  of  Circiiialorv  .1  rf Jpns.^Thcse  peculiar  effects  ha\*c  not  been  sufiidentljr 
analyzed.  Pilcher  and  Solfmann,  IQ15,  showed  that  cholin  produces  a  marked  direct 
deuression  u[  the  vasomotor  center,  which  seems  to  play  an  important  part  iu  the  faU 
of  blood  pressure,  and  which  is  abolished  by  atropin.  However,  other  causes  contribute 
to  the  fall;  and  when  these  predominate  they  may  overcome  the  vasomotor  depression, 
and  may  even  stimulate  the  center  by  anemia. 

Mueller  attributirs  the  fall  Co  cardiac  £ta.-iis,  and  to  vasodilation  in  the  extremities, 
intestines,  kidnv>'s  and  brain.  The  atrnpin  reversal  he  interprets  as  an  atropin  paralysis 
of  ihe  ditutnr  elements.  The  vessels  of  frnns  arc  iwrijihcraily  dilated  by  choUn  (IJan- 
dov^ky  and  Pick,  1913).  UaJc.  IQ14,  claimed  a  dilator  effect  on  perfused  vessels,  but 
this  is  dcnieil  by  Hunt,  1915.  Pal  found  the  effects  on  the  heart  and  vagus  incort^tanL 
Palta  and  Varisco,  1915,  refer  the  main  effect  to  vapis  stimulation,  both  central  and 
ptfrtpheral,  fiolowinski,  1914,  claims  stimulation  of  intracardiac  vagus  and  accclcralor, 
en  mammal.'*.  Hunt  finds  the  heart  generally  slowed — the  slovrinff  bcins  sometimes  re- 
Eteved  by  vngotnniy,  but  not  alw.iys.  Ifc  inrlincs  to  consider  botn  the  lall  ami  the  ivK 
a.s  mainly  cardiac.  Lausana,  1913,  finds  that  it  slows  and  strcn^cns  the  heart  of  cJh* 
tiirtU'.  witik-  ihiit  of  the  frog  i^  slowed  and  weakened,  and  its  irritability  to  electric 
slimuLitton  h  diminished. 

Organ  Extracts. — The  fall  of  blood  pressure  produced  by  the  extracts  of  many  organs 
and  of  nerve  ti^ue  may  be  due  partly  to  their  cholin  content;  but  some  chamctcnstic 
differences  have  been  described  (Oaborne  and  Vincent,  igoo;  Busquet  and  Puibon, 
1910). 

Cbolin  Derivaiiws. — Hunt  and  Tavcau,  190&,  1909, 1911;  Hunt,  1915,  and  Dale,  1914. 
have  investigated  the  relative  toxicity  and  circulatory  effects  of  a  large  scries  of  chotim 
drriviUivrs,  with  very  interestinfr  results.  For  instance,  the  substitution  of  OH  in 
cholin,  in  almost  any  manner,  generally  Increases  its  activity,  often  very  grvatly  (Dale]. 
The  intcoduction  of  the  acetyl  radical  increases  the  depressor  effect  100,000  linies,  tlie 
toxicity  only  three  times  (Hunt).  Ewina,  1914,  has  found  acetyl-choUn  in  etgot,  and 
considers  it  responsible  for  the  curdiac  inhibition. 

OthtT  Peripheral  ActioOK. — The  effects  on  intestine  and  other  s$Hootk  mttsd*  agree 
with  physosUgffiin.  The  ^crrtiun  uf  saliva  ami  tears  is  tncrca&cd.  CaHri(  trcrtHtm 
is  diminished.  Pancrcalic  secretion  is  diminished  by  small  doses  through  inbibilofv 
vagus  stimulation;  increa5ed  by  large  doses  tlirough  peripheral  stimulation  (.Chiarl, 
1015)-    The  output  of  uric  acid  Is  incrcaMd  (Ahl,  ifjij). 

Sterility. — Werner  and  Lichtcaberg,  1906,  claim  tliat  cholin  injo^tions,  in 


sterility  ot  lessened  fertility,  onaiogoun  to  the  effects  of  X-rays  or  thorium  X. 
rencr  uid  Asher,  1913,  find  similar  blood  and  sldn  changes. 

DtoftrntkilL — Normal  acrum  contains  about  i  purt  oi  cholin  in  400,000;  about  the 

sBjxic  coQCcntration  exists  in  amniotic  fluidi  somewliat  more  in  the  urine,  and  in  cardiac 

um)  skeletal  muscle:  mucli  Ic^  iu  cerebru-^pioal  Huid  and  saUva.     Tht;  proportion  in  the 

blood  or  ccrebro-spinal  fluid  ha«  not  been  found  increaiicd  in  any  pnthologiir  curditions 

erajwined  10  mac.     It  has  been  reported  increased  by  removal  of  the  suprarcnalb,  but 

the  evidence  is  not  decisive  and  dt)e*  not  prove  any  cuuS'Uttve  connection  (Hunt,  rois). 

PitB.— ChoUn  U  largely  destroyed  in  the  body  (v.  Iloesslin,  190*^));  a  part  of  tn« 

methjr]  being  probably  oxidized  to  formic  acid,  the  remainder  to  CO(  and  water.     After 

i»ai  utminiAtration,  only  3  per  rrnl,  of  the  rholin  can  bv  recovered  from  the  tissues; 

«itfa  iatravcDOUS,  about  50  per  cent.,  the  greater  proportion  from  the  &k!n  (ElUnger, 

1914}.   It  dinqipeua  rapidly  from  the  blood  strtram  {Hunt,  1915). 


NEXJRIN 

<Cii  f  ij 
OH       '  ^'*y  ^  formed  from  cholin  by 

butota.    Its  actions  are  similar  to  chnltn.  but  much  stronger  (Pal.  ipit);  and  it  is 
iuBwrctotic  (Lobmann,  ivii)> 


BETAIN 
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i»  nearly  inactive   by   mouth;    hypodermically,   it   sets 


ndUdy  to  cholin.  It  is  quite  non-toxic  (Velich,  1Q14);  even  3.4  Gm.  per  kilogram  by 
voa,  rat,  arc  harmless.  It  is  excreted  unchanKcri,  and  is  therefore  not  a  food  (Andrlick. 
Vdkh  and  Slanek,  loos)-  The  preparation  .-ind  properties  of  its  salts  are  described 
by  Itabcftberg,  igi4- 

Bctaia  Hydrocblorid  dissociates  in  solution,  and  has  been  utilized  as  a  means  of 
■lunmcring  loosely-bound  hyilrnthloric  acid.  The  dose,  0.5  gm.,  8  gr.,  corresponds 
<**bcrut  1.1  c.c.  of  Acid  Hydrochloric  Dilute. 


QUATERNARY  AMMONIUM  BASES 

General  Statement — The  organic  derivatives  of  ammonium  have  a 

Jtribng  similarity  in  their  action.     They  produce  a  curare  eflecl,  i.e., 

pnlysisof  the  nerve  endings  of  striped  muscle  (Brown  and  Frascr,  1869); 

wmc  abo  muscular  tremors  in  frogs;  and  those  possessing  three  or  four 

laethyl  groups  cause  a  muscarin  effect,  i.e.,  peripheral  stimulation  of  the 

ardiiic  vagus;  and  a  nicotin  action,  i.f.,  paralysis  of  sympathetic  ganglia. 

The  curare  effect  evidently  depends  on  5-valenl  nitrogen;  or  rather,  on 

the  ^tcreochcmic  configuration;  for  the  same  characteristic  is  shown  by 

the  corroponding  phosphorus,  arsenic  and  antimony  compounds.     The 

variuus  ai'lions  differ  in  degree  with  the  various  derivatives — i.r.,  the 

aclbyl  and  ethvl  ammoniums- — in  ways  which  are  not  easily  explainable 

by  tbdr  constitution  (Burn  and  Dale,  1915). 


TETRA-METHYL  AMMONIUM  CHLORID 


^hsImb  occvr  in  mammojs.  but  not  in  frogs,  bcinj:  prrvcnird  in  the  tatter  by  (he  more 

^f  ptmmtui  curare  paralysL<^    The  cirf.ultitian  Khows  a  fall  of  blood  prcs.<%urc,  generally 

wiah  ikming  of  the  heart,  by  peripheral  vagus  stimulation  and  peripheral  vasomotor 

dtpW.»rfon.     The   rnpifitlioH   is   tcni(>orBrily    paralyzed   by   intravt-fious   injeiliuo;    in 

dannfanud  anhnils,  this  is  preceded  by  respiratory  stimulation.    The  paralysis  is 
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flue  1(1  a  curare  ciTpct  on  the  phrenic  nerves  (Marshall,  1913).     Loevenhaii,  1914,  how- 
ever, believes  that  the  rcspirator>*  uction  is  entirely  ceulnl;  i.e.,  primaiy  sUtnalatiaa, 
aod  later  depression  of  the  medullary  center*.  "" 

TETRA-ETHTL  AMMONIUM  CHLORID 

In  frogs,  this  produces  irregular  rnusrular  conlraclioas  and  tremors;  fin.1  fibrillary, 
then  tonic.  With  larRcr  tjosis,  these  arc  succeeded  by  paral>"sis.  Both  actiou  Me 
seated  in  the  tnu^cLc-Dcrvc  endings.  Mammnls  »lso  show  increased  excitability  and 
depression  of  ihc  endings.  Rabbits  exhibit  dyspnea,  tremors,  con^TiIftions.  and  arresi 
of  respiration.  In  distinction  to  tttra-mclhyl  ammonium,  there  is  no  direct  ocdod  00 
the  circulation;  the  respiratory  effects  are  al&o  smaller  (Marhsall,  1914).  Bum  M  ' 
Dole,  1915.  found  no  curare  or  muscarin  action,  but  a  good  nicotin  effect. 

METHYL-ETHYL  ABIMONIUM  COMPOUNDS 

The  actions  of  these  arc,  on  the  whnle.  intermcdialc;  but  without  definite 
the  ftlkyl  radicals  (Marshall,  iQt^;  Bum  and  Dale,  1Q15). 


Nicoxm 

General  Statement. — Nicotin,  the  chief  alkaloid  of  tobacco  has  no 
therapeutic  importance,  but  considerable  scientific  anrt  toxicologic  inter- 
est.    Both  the  centra!  and  peripheral  actions  are  imiwrtant;  both  consist 
ID   short   stimulation,   followed   by  depression  or  paralysis.     Centrally, 
small  doses  cause  chiefly  a  respiratory  stimulation;  larger  doses  produce 
convulsion  of  the  medullary  type.     The  action  is  enormously  rapid,  ap- 
proaching hydrocyanic  acid.     Peripherally,  nicotin  paralyzes  all  auto- 
nomic ganglia,  parasympathetic  as  well  as  sympathetic    The  {)aralysl%- 
may  be  preceded  hy  stimulation.    The  most  important  effects  arc  on  the 
circulatory  and  gastro-intestinal  systems.     It  has  also  a  curare  actioik. 
on  muscle-nerve  endings. 

The  effects  of  tobacco  are  due  practically  solely  to  its  nicotin.  Limited^ 
tolerance  to  the  acute  toxic  cfTccts  is  soon  acquired,  after  which  it  act9 
chiefly  as  a  central  sedative.  Overindulgence  produces  chronic  nicotiiB> 
poisoning,  with  digestive  disturbances,  functional  arythmlas.  optic  changes^ 
etc.  The  differences  in  the  various  forms  of  tobacco  habit  are  probably 
explainable  by  differences  in  absorption. 

Related  Drugs. — Very  similar  in  their  actions  to  nicotin  are  pihtrin,  the  alkaloid  of 
Duboisia  Hupnuodii,  which  Is  chewed  by  the  natives  of  Australia  as  a  sutntitute  for 
tobacco;  andcylisin  (Dale  and  Laidlaw,  igii),  the  alkaloid  of  the  ornamental  Laburnuci 
tree  (Cylisus  Laburnum).    Canlopkyllum  also  contains  mctbylcytisin,  with  similar 
action<i;  besides  volatile  oil,  a  saponin  (Lloyd's  I.eontin),  and  caufopDyltosapooio  (Power 
and  Salway,  1915).     Ijibelia  is  less  perfectly  related. 

Central  Actions  of  Nicotin. — These  consist  in  stimulation,  followed  by 
depression,  of  the  whole  ccrebro-spinal  axis,  from  above  downward.  The 
symptoms  from  large  doses  resemble  those  of  asphjiia  or  hydrocyanic  acid. 

The  stimulation  may  be  entirely  absent,  especially  in  large  doses,  SO  that  the  animal 
may  drop  dead  almost  instantaneously,  without  any  other  symptom.  But  this  isaot 
common, 

The  effects  of  small  doses,  such  as  are  noticed  in  the  first  attempt  at  smoking,  will 
be  discussed  later. 

In  niaRYmals,  moderate  doses  act  mainly  on  the  kemisphfres,  producing  traDMlotr 
encitement.  followed  by  tasting  depres&ion,  with  violent  headache.  (In  frogs.  tJie  action 
on  the  cerebral  ccnten  seems  to  be  very  small,  for  the  effects  arc  the  uune,  whether  th« 
hemispheres  are  intact  or  removed.) 
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MtduUary  Centers. — The  action  on  these  is  marked  and  violent. 
tpiraluin  is  at  first  increaserl,  and  then  markedly  depressed;  paral- 
IS  of  the  respiratory  center  being  the  cause  of  death.  The  vagus  and 
vasomotor  centers  are  also  fir^t  stimulated,  and  then  paralyzed.  The 
salivation  and  vomiting,  which  are  so  prominent  with  moderate  nicotin 
intoxication  arc  probably  also  due  to  medullary  stimulation  (Egglcston 
and  Hatcher,  1015).  The  emetic  action  is  antagonized  by  atropin 
(Eggleston,  iQib). 

Bronckiiii  Musdc. — ^Thla  is  coiutricted  in  Ibe  surviving  lungs  (Bachr  and  Hck, 

1913)- 

Spinal  Cord. — -The  motor  cdls  arc  strongly  3timiilalcd.  resulting  in  cottvuisions, 
pistage  of  feces  and  urine,  etc.  If  the  nicolin  la  applied  to  one  part  of  tne  cord,  (he  ton- 
vulsoQs  remiiin  confined  to  the  muscles  iimerrvated  from  this  ilfcji  (difiercnce  from 
^trytliDin,  which  acts  on  the  scn&ory  celLs),  The  ^timuUtjun  i^  fulluwvil  by  paralysis. 
The  nicotin  convDlsiorw  are  not  seated  exclusively  in  the  spinal  cord,  but  involve  the 
Und-braiQ  and  medulla  us  well.     They  are  much  weaketied  bv  anesthesia. 

VxcuiaHojus  rrflesfi  of  froRs  are  depressed.  Partial  tolerance  to  (his  action  is 
iR|iiired  by  repeated  administraiinn  (Howat,  1016). 

Tlie  spinal  ganglia  (posterior  roots)  are  not  affected,  even  when  u  1  per  cent,  solutioa 
ofsicotia  is  applied  directly  to  them. 


he,  II. — Nicotin  Carotid  prcutirv.  do«.  Thi  o6kI  begins  at  X  .  The  beat*  Eint  bccania 
MW,  then  v«fy  Uow  and  HCrunu  (vimcus  itimulstJun),  with  pravieaaive  rue  of  blood  pmaure 
tWiKiliMUiLlui'  ■timuUtitin).  StiiTilenly  tticy  Sccomc  very  rapid  and  conoequently  ifnalleT.  The 
— ^*rf  tha  beui  i»  uachanKKt  uikI  coa*et|ucatly  the  preMure  renuLina  hish;  but  the  vuo- 
•muklun  tMComiRg  paralywd.  Uw  preocure  soon  (oil*.  Later  the  hc«rt-rouac1c  nlao  becoiDM 
— fciiuLJ.  0*  sbuwn  by  Ihc  small  bcata. 

Location  of  Peripheral  Actions.— The  imfmrunt  work  of  Langley, 
[S90,  on  the  kicalizaliuii  of  oicutin  in  the  autonomic  ganglia  was  men- 
liooed  on  p.  264. 

If  the  pregaufdionic  fibers  have  degenerated  {seven  to  twenty-six  days  after  section 
of  the  nerve), nicotin  is  slill  active, so  thai  it  niu>lact  upon  the  ganglion  cells  themselves. 
The  effect!  are  more  complex  in  the  inte^ttincs  (p.  376}.  Dogs  are  relatively  inaus- 
ceptible  to  the  peripherul  uctiuns. 

Aaticoaisms.— From  the  situation  of  the  nicotin  actions,  it  follow?  that  they  can 
be  removed  by  atropin  or  muscarin,  hut  that  the  iiitler  are  quite  unaffected  by  nicotin. 
Xibe  antigoabiQs  for  striped  muscle  arc  described  on  p.  3C8. 

CimlatMa. — The  cflrcls  an-  shown  in  fig,  it,  and  espliiined  in  Fig.  13.  They  are 
cotnpfex.  involving  stimulation  and  paralj-sis  of  the  heart-muscle,  vagu»  and  vessels, 
cenlr^ly  and  peripherally.     The  tulal  cflecLs,  arc  fairiy  constant  and  Lharacterislic. 

tniiiat  E^uls, — The  Heart  is  first  f;reacTy  slowni.  From  central  and  ganglionic  vagiu 
rtnnulatioiL  At  the  same  lime  the  bJood  pressure  begins  to  rise,  from  i^trong  stlmula- 
KkM  of  tbe  vasomotor  center  (PUchcr  and  Sollmunn.  1915).  and  ganglia  flloskins  and 
^Saacon,  1915];  the  ccnir.il  nnd  peripheral  siimul.ition  p1a>ing  about  an  equal  rdle. 

The  blood  pressure  may  be  raised  by  nicotin  (and  anagyrin)  even  in  the  abscnire  of 
the  vasomotor  center,  but  aot  if  the  suprarcnals  are  aUo  cxciii^cd  (Oley,  1014).  A  part 
of  the  blood-prc&surc  rise  seems  therefore  attributable  to  increased  output  of  cpinephrin. 
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Snoliins  of  lobtira>  increases  the  coronary  pressure  (Bond,  191 1).  In  noWcw,  there 
i£  generally  a  rise,  then  fall  of  s>'stcmic  blood  pressure  (Lee,  t(>o8).  John,  1913,  found 
in  typical  cases,  after  smukiag  eight  to  ten  cigarettes  ot  two  mvtlium  cigars,  that  the 
dia^stoHc  pressure  rises,  and  often  rrniains  high  for  two  hours.  The  effect  U  proportion- 
ate to  the  nicotiu  coDteot,  luid  is  perhaps  due  to  the  nausea.  The  effects  on  tne  pul<w 
rale  were  vuriabie. 

Carotid  Ri^fiix. — ^The  reficx  fall  of  piesaure  wliich  ordinarily  results  from  iractioti 
of  the  cephalic  end  of  the  carotid  artciy,  U  ubuli^hcd  by  ulcotin  (SoUmann  and  Brown, 
100). 

Arylhmia. — With  larger  experimental  doses,  the  slow  heart  beat  b  retraced  quite 
RiJiidrnly  by  great  qnickenin)^  Itirnugh  paral>'si3  of  the  vagus  gunglin.  The  nicolinlxed 
heart  may  therefore  be  slowed  by  inuscarin,or  stimulation  of  the  sinus,  but  not  by 
stimulation  of  Uic  vagus  trunk.  According  to  Kosc,  1005,  the  secondary  acceleration 
also  Invglvcs  a  ganglionic  accelerator  stimulation,  which  pa-t^tes  linally  into  paral^nus. 
Eiecirocaniiogro7iu  (nog)  often  show  a  nodal  rhythm  (synchnmous  action  of  auncles 
and  ventricles),  interrupted  by  extrasystoles;  and  other  irregularities  identical  with 
those  of  stinmlaliun  of  the  vugi  and  accelerators,  separately  or  lo)(tlher  (Poxzi  and 
Clcrc,  191J;  Bull,  Clercand  l*«uci,  igr4X 
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Fic.  13.— DLagmm  af  tbe«ctioaao(  ntcotin. 

meo&  Prasure  in  Toxic  Jjjgr.— This  may  be  very  high  and  the  central  vasomot 
stimulation  persist  into  death  {Pilchrr  uml  SivUmann,  191  j>,  but  as  the  peripheral  vaso- 
motor mechanism  becomes  more  and  more  dt^ptcssed,  the  vessels  become  dilated  and 
the  pressure  faih.  Tlic  dilation  cun  be  plitinly  seen  in  the  Intestinal  vessels  or  the 
rabbit's  car.  The  vasomotor  paralysis  is  rarely  complete,  so  that  direct  or  reflex 
stimulation,  or  a  second  injection  of  iiicotin,  ii]piin  causes  a  short  coiatrictJoa.  The  heart* 
mu&cle  eventually  wears  out,  mainly  because  of  the  lowered  coronary  pressure. 

Corcnary  CircultUian. — This  is  slowed  by  llic  constriction  of  llie  coronary  vesseb, 
notwithstanding  the  raised  b!ood  pressure  (Morawilz  and  Zahn,  ioi4). 

Pitlmottary  end  Hepatic  Vessels. — These  are  constricted  (Bcrezin,  I9i4)- 

Excised  \f  iimnnili'tn  Hrark — When  perfused  with  nicnlin,  this  shows  typical  va^us 
efTects;  Jirst,  rJiastutic  st;indstill;  then  gradually  rer^umption  and  finally  acreleraUoa 
above  normal,  with  increased  amplitude.  The  primary  standstill  is  abolished  by 
atrupin.  The  secondary  acceleration  is  probably  due  to  accelerator  stimulation  (Clerc 
and  Pozxi,  tgi3). 

Peripheral  Actions  on  Frogs'  Vessels. — By  perfusion  through  decerebrated  frogs, 
nicotin  produces  immediate  v.ucK:on!itriction  and  muscular  fibnllation.  These  effecu 
disappear  in  a  few  minutes,  during  the  perfusion,  and  can  not  be  restored  by  further 
nicotm.  Kpinc^phrin  is  sliJl  efTcctive.  Tyramin  suppresses  the  nicotin  constriction 
almost  completely  (Handuvsky  and  Pick,  1913}. 

fr4tg  Ifr-irl.  —  riie  application  of  nicotin  pnjduces  a  brief  diastolic  standstill,  (sim- 
ulation of  v-agus  ganglia).  The  heart  then  resumes  its  beat,  and  stimulation  of  the 
vagus  trunk  becomes  ineffective,  whereas  sinus- stimulation  or  musearin  slows  or  acrc&tS 
the  heart.    The  nicotin  has  therefore  paralysed  the  vagus  ganglia. 
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ffrai  and  Xici)tii  on  Frog  Hfitrl. — The  typical  cffccu  of  heat  arc  opposite  to  those 
niOTlia;  ncvertbcless,  a  Deated  heart  responds  more  readily  to  tlie  drug  (Zanda, 
«J)- 

Intestinal  Actions. — Nicotin  provokes  violent  contractions,  due  mainly 
lo  stimulation  of  the  Auerbach  cells,  but  also  involving  other  structures 
(acr«  p.  276).  These  peripheral  actions  explain  the  diarrhea,  and  are 
perhaps  also  concerned  in  the  nausea  and  vomiting;  but  these  are  essen- 
tially central. 

I        Piipila.—Thcse  show  both  contraction  and  diUtation  at  different  time^,  nicotin 

r  ictiiif  upon  the  ganglia  of  both  the  oculomotor  and  sympatbcUc  bbcrs.     There  may 

(VCD  he  4  dirrct  action  upon  thi:  iris  masctc.    Thi:  effect  is  different  in  different  animals: 

Tbc  dog  and  cat  usually  show  dilatation;  therahbit  fir^it  constriction  and  ihen  dil.it.i lion. 

The  eSects  od  the  bronchial  miuda  have  been  described  on  p.  370;  those  on  the 

iriiTur  on  {1.  370.     Excised  rireter  shows  primary  stimulation  and  seconoary  deiiression 

(Maclit,  1916). 

EffKis  on  Glands. — Secretion  is  generally  stimulated  through  the  ganglia.  This  is 
pwticulari^  prominent  with  the  saliva.  Ismail  doses,  however,  change  the  response 
tsUiiQulatkio  of  the  chorda  nerve,  so  that  this  diminishes  secretion  (Dale  and  Laidlaw, 
)(ii).    Lacteat  secretion  u  not  increased  (Ott  and  Scott,  1012). 

ClyovrarM. — Xicotin  prvstnts  the  glycosuria  which  ordinarily  follows  the  injection 
<tfaSda  and  epinephrin;  or  on  piqure  (Macleod  and  DoJlcy,  igosJ.  This  could  be  due 
Ufiuul)-sis  of  the  ganglia,  or  to  the  lowered  blood  pressure. 

iKTfUtii  Secretion  of  EptHtphrin. — Cannon,  Aub  and  Binger,  191*,  believe  that 
ikotin  has  this  effect  in  cats;  and  Jackson,  iqtj,  invokes  it  to  explain  the  peculiarities 
it  the  nsfUttse  of  bronchial  muscle. 

Cmhro-spinal  Fluid.-^Thc  pressure  simply  follows  the  circulatory  changes  (Dixon 
lOd  IUl]ihurl<in,  i<}i4). 

6kelettl  Mtucles. — In  frogs,  injections  of  nicotin  produce  fJbrillary  twitchints. 
^Ikh  ctisappear  after  the  section  of  the  nerves,  but  arc  started  again  by  short  stiraula- 
•iwof  the  acrvc  or  muscle.  They  are  abolished  by  curare;  and  conversely  .nicotin 
wntenctl  the  curare  paralj'sts.  The  stimulant  efTttt  must  therefore  be  on  the  same 
'^■ctum,  namely,  the  nervc-cndings.  AlammaLs  also  show  fibrillar  contractions,  but 
wxireof  central  origin.  The  peculiar  muscular  phenomena  in  fowls  (t'Ongley)  wure 
"■cwed  on  p.  368. 

Cmvi  Aaion. — Nicotin  also  has  a  curare-Ulte  effect,  which  becomes  prominent 
*^  III  the  milder  stages  this  is  shown  by  an  equally  strong,  or  stronger,  current 
^i^tequired  to  obtain  contruclion  when  the  stimulus  i:s  applied  to  the  nerve  than  when 
^itfilsoed  on  tlic  muscle.  In  the  normal  preparation  the  opposite  is  the  case.  The 
■idlifaiEty  and  irritability  of  the  muscle  celb  i:^  also  diminished  by  oiootin  on  direct 
Wutiofl. 

.  load  Actions. — Free  nicotin  is  caustic  by  its  alkalinity.    Strong  solu- 
'^ooi  piaralyze  the  ner\'e  fibers. 

\imwt  OrMuU«n». — Nicotin  !s  one  of  the  most  efhcient  insecticides  fMcClintock, 
j^allaQ  and  Lowe,  1911).  Tobacco  juice  and  smoke  are  distinctly  antiseplic,  anil 
'■hrtija,  1913,  claims  that  they  tend  to  preserve  the  teeth. 

Fue. — Nicotin  is  absorbed  extremely  rapidly  from  mucous  membranes, 
'  t>pedally  from  the  lungs;  more  slowly  from  h\podermic  injections 
frnrn  the  intact  skin.    It  is  excreted  only  in  small  part,  mainly  by 
'vltidneys,  but  also  by  the  lungs  and  sweat. 

^iioa  and  Lee,  igt2,  confirm  the  older  statement  that  It  is  partly  destroyed  in 
tfiver.  ud  cUim  that  this  destruction  is  increased  by  habituation;  but  Clark,  1913, 
1  Oft  dntruclion  by  frog's  liver. 

ACUTE  NXCOTIN  OR  TOBACCO  POISONING 

Mow  cases  of  poisoning — outside  of  the  slight  ones  from  first  attempts 
It  Httdting— have  been  produced  by  its  medical  application,  especially 
by  the  Uily;  and  since  this  has  been  largely  abandoned,  serious  acule 
akctio  poisoniog  has  become  rare. 


312 


3CANUAL  OF  PHAKUACOLOGY 


Tbc  application  of  lobacco  lo  wounds  or  bruises  i!>  not  witbout  danger.  E.  G.  Gu- 
vin,  tgij,  W  reported  the  death  of  a  girl  of  six  and  one-half  years,  forty-five  minutes 
after  the  adminiiitration  uf  less  than  1.5  Gm.  uf  Lobscco  by  enema,  against  pinwomo. 
In  other  cuseSj  the  tinn:  of  iiea!h  ha*  varied  from  three  minutes  to  seven  hours.  Prompt 
death  has  .il^o  occurred  from  swallowing  nicotin  plant  spray  (FcH,  1916). 

Toxicity. — Nicotin  is  one  of  the  most  fatal  and  rapid  of  poisons;  tbe  vapor  arising 
from  a  glass  rod  moistened  with  it  and  brought  near  the  beak  of  a  smctll  bird  causes  it 
to  drop  dead  at  once,  and  2  drops  jikced  on  the  gums  of  a  dog  may  cause  a  similar  rcsulL 
The  fatal  dose  for  a  man  is  about  60  mg.;  uf  tobacco,  about  2  Cm.  It  acts  with  a  swift- 
tiesa  eoualed  only  by  hydrocyanir  arid.  In  view  of  the  high  nicotin  content  of  to- 
bacco ^one  cigar  contains  a  quantity  of  nicotin  which  would  prove  fatal  to  two  pcrMns, 
if  directly  injected  into  the  circulation),  also  because  of  its  popular  diiitribution,  it 
appears  aatoni^hing  that  fatal  nicotin  poisoning  is  not  more  common;  but  just  this 
wide  diatiibutiuQ  and  knowledge  of  the  drug  form  tbe  safeguard,  as  also  ibe  nurked 
taste. 


Pio.  tj  ^Xicotln.       SucceMivc  podltoiu  of  frog  poiaoood  with  13  n>l<  aicotia. 

Symptoms. — In  lighter  cases,  such  as  commonly  occur  in  smoking,  the 
peripheral  and  nauseant  actions  predominate.  There  is  first  an  increased 
flow  of  saliva,  partly  reflexly  through  the  mechanical  irritation  of  smoke, 
but  inainly  by  direct  stimulation  of  the  ganglia  through  the  nicotin. 
Nausea,  vomiting,  and  diarrhea  soon  appear.  The  sweat  glands  are  also 
affected  in  a  peculiar  manner:  There  is  a  sensation  of  oncoming  sweat, 
which  does  not  actually  break  out.  ,^  sensation  of  exhaustion  appears 
very  early — partly  a3  the  result  of  nausea,  but  mainly  as  the  first  indica- 
tion of  central  collapse  action.    Palpitation  is  also  noted. 

Severe  cases  show  immediate  faintness,  prostration  and  muscular  weak* 
ness;  severe  nausea,  vomiting  and  diarrhea;  followed  qiuckly  by  convul- 
sions and  collapse  (Garvin). 

The  effects  of  poisoning  with  pure  nicotin,  which  have  been  very  carefully  atndied 
erperiraentatly  on  itutn,  bear  the  greatest  rri.cinblarcc  to  the  above.  After  1  to  4  not. 
there  were  burning  in  tiic  mouth,  a  itcratching  sensation  in  the  pharynx,  incr«a5c>d  sali- 
vation, a  sensation  of  heat  spreading  from  tjbe  region  of  the  stomach  over  the  whole 
body;  exdtement  with  headache  now  appeared,  then  vertigo,  confusion,  disturbed 
N-Jsion  and  hearing,  photophobuv,  drv-nens  in  mouth,  cold  rxiremitirs,  nauitea.  vomiting, 
and  diarrhea.  Respiration  quickened,  but  difficult  I*ul5C  at  first  increased,  then 
irregular.  After  fort)'fJive  minutes  (here  ka^  syncope,  with  clonk  spasms.  Recovery 
occurred,  but  a  general  depression  persisted  for  three  days. 
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The  treabneDt,  aside  from  the  chemic,  consists  of  coffee  and  other 
stimulants  and  in  meeting  the  symptums.     Emetics  vriW  usually  not  be 

i»KC8sar\-. 

TIk  postmortem  appearances  are  not  characteristic,  although  larce  doses  catue,  m 
utnob,  anemia  of  the  mrninKcs  and  peculiar  anatomic  changes  in  the  cortical  nerv«- 
odb.  When  tuken  by  the  muuth.  tberu  may  be  gastric  and  inu-sLinal  h>'pcrcmia,  since 
akotia  b  Mifficiently  alkaline  to  be  somewhat  caustic.  The  odor  may  fumi»h  a  vaJu- 
■Ue  indication. 

Tke  froofoi  the  poison  after  iL«i  Rcp.iration  may  be  had  by  its  odor  am!  by  obminlng 
iu pkyMologic  actions  on  frogs.  The  muscular  tremors  and  the  (xisition  which  a  frog 
■nmrs  after  nicotin  arc  highly  ciiaracicri^Lic  (Fig.  ij).  \  control  animal  should,  of 
cMtrv,  be  used. 

Tk  chemic  testa  arc  of  no  practical  importance,  since  very  siruIat  reactions  arc 
^ven  by  conitn  and  by  a  plumnin. 

Nicolin  is  \*er>-  rrsisiant  to  putrcfaciien,  and  has  liecn  isolated  from  ibedecumpoud 
Mn  of  animals  three  months  after  death. 


HABITUAL  USE  OF  TOBACCO 

The  question  of  the  effects  of  smoking  has  been  largely  discussed  with 
»rather  unscientific  extremeness,  some  contending  that  it  is  entirely  harm- 
fas  when  moderately  used;  whereas,  on  the  other  hand,  an  enthusiastic 
French  writer  has  gone  so  far  as  to  attribute  the  defeat  of  his  nation  in 
Iheirarof  1870  to  the  prevalence  of  cigarette  smoking.  Of  the  two  views, 
thelonner  would  seem  to  come  nearest  the  truth  if  the  stress  is  laid  upon 
tbe  word  "moderate." 

Since,  next  to  caffeln,  nicotin  is  the  alkaloid  most  widdy  used,  an  im- 
ptrtial  discussion  of  this  question  is  important. 

Coo^sition  of  Tobacco  Smoke. — The  effects  of  the  smoke  are  due 
pnctically  entirely  to  the  nicotin  contained  in  it.  There  arc  other  toxic 
owBlitucnts,  but  their  quantity  is  too  smalt  to  be  practically  important. 
This  ha.s  been  proved  both  by  chemical  considerations  and  by  animal 
operiments  OLee,  1908;  K.  B.  I-ehmann). 

Kiulm  exists  in  tubucco  mainly  in  the  form  of  salts  of  organic  acids  (Garner,  190S). 
Bjrtbtbeat  of  smokioK,  these  are  largely  dissuciatetl,  a  part  of  the  nicotin  beinf:  burned, 
ni  ■  put  passing  into  the  smoke  as  free  nicotin  (Lchmann,  1909).  The  drier  the 
Mhoco  and  the  gieater  the  heat,  the  Ie:is  nicotin  will  escape  deslruch'un.  Moist 
'Bbwcu,  especially  cigars,  therefore,  produce  severer  effects.  This  is  more  important 
fcathe  nicotin  conleul  of  Ihe  original  tobacco  (Lee,  1908).  In  expt-riments,  between 
II  lad  90  per  cent,  of  the  nicotin  pre&enl  in  the  tobacco  are  recovered  from  the  smoke; 
Mspcater  part  of  this  is  exhaled  or  expectorated ;  in  natural  (intermittent)  smoking, 
iktsipiraled  smoke  contains  only  a  sixth  of  the  nicotin.  About  t  to  1.4  mg.  of  nicotin 
•mU  dttuaUy  be  absorbed  from  a  cifiar  (Lchmann,  1907).  In  dtareitc  smokint,  where 
■nhlioD  b  commonly  practised,  the  percentage  aluorbed  would  be  relatively  high, 
I  acoQitating  for  its  reputed  deleterious  clTects.  Tbe  average  nicotin  content  of 
uttas  (1.69  per  cent)  b  rather  lower  than  that  of  other  forms  of  tobacco  (leaf,  3.04, 
_  \  i.jj;  chewing,  1.14);  nor  is  there  anything  in  the  popuhir  doUoq  that  cigarettes 
MItiii  opium  or  other  added  narcotics  (Thurston,  1915). 

Other  Tojdc  Consdtueats, — These  arc  formed  by  combustion,  and  vary  greatly 
McMifiac  to  conditions.  As  an  illustration.  I,ee  found  in  the  smoke  of  100  Tim.  of 
Mbacvn,  Msides  1.1O5  Gm.  of  nicotin.  the  following:  I'yridin  bases,  0,146  Cm.,  chieQy 
jpnUls  aod  cottidin;  hydrocyiiiiic  aiid,  0.08  Cm.;  ammonia,  o.jf>  Om.;  CO,  410  c.c. 
xW  l^riJiB  basti  act  somewhat  similarly  to  nicotin,  but  with  important  differences  (Lee). 
^yrium  b  a  strung  local  irritant  with  low  toxicity,  a  10  per  cent,  solution  has  been  used 
bf  almnter  in  asthma  and  fetid  bronchitis.  It  produces  first  d>'spneic  then  shallow 
mpsntioQ.  BrtmloD  and  Tunnicliffe  (J.  I'h>-siol.,  17:  393)  refer  the  efTccts  mainly  to 
Mmnej  ptralysis.  Large  doses  arrest  the  heart.  The  hydratyitnU  acid  in  tbe  smoke  of 
■  Ofar  aaoQOls  only  to  0.003  to  0.5  mg.,  and  would  have  no  sif^thcancc  (Lchmann  and 
Candenilalui.  1913).     If  a  large  number  of  persons  smoke  in  a  confmcd  atmosphere,  the 
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carbon  monoxid  in  the  air  of  the  room  may  rise  to  a  dangerous  degree.    The  aromatic 
essentia!  oils,  which  give  the  llavor  lo  tobacco,  arc  practically  inactive. 

Arsenic  is  fiom«limes  present  in  harmful  quantities  when  Paris  green  has  been  used 
on  tiie  pUnt  as  an  iiisa:Ucidc. 

Tolerance  and  Habituation-^The  quantitative  effects  of  nicolin  van- 
considerabJy  in  difTcrent  persons.  Similar  variations  arc  observable  in 
animals.  Young  individuals  are  more  susceplibtc  than  adults.  Con- 
siderable loleraiice  is  acquired  by  continued  use,  so  that  moderate  doses 
lose  all  the  usual  unpleasant  acute  effects.  Tbe  rapidity  and  complete- 
ness of  the  habituation  also  varies  with  individuals;  dependent  partiy  on 
individual  susceptibility;  partly  on  the  manner  in  which  the  drug  is  used, 
whether  the  smoke  is  inhaled,  the  saliva  expectorated,  etc  The  tolerance 
is  never  absolute;  It  seems  to  be  higher  against  sublethal  than  against 
lethal  doses. 

Habituation  in  Animals. — These  acquire  only  a  limited  tolerance  (Uatchcr,  1904; 
Edmunds,  igog;  Adler  iird  Ilensel,  1905,  could  not  produce  any  tolerance).  Hatcher 
showed  that  tJic  serum  of  habituated  animals  does  not  protect  others  against  intoxica- 
tion, Dison  and  Lcc,  1913,  claim  that  the  liver  of  habituated  animals  deslro>'s  nicotin 
somewhat  more  rapidly.  Edmunds,  Tgi6,  failed  to  confirm  this.  At  best,  rincc  the 
destruction  is  slow,  it  would  protect  only  when  small  doses  arc  introduced  gradually. 

Effects  of  Moderate  Use  of  Tobacco. — When  the  tolerance  has  been 
acquired,  the  continued  use  of  tobacco  within  a  certain  individual  limit 
produces  absolutely  no  unpleasant  symptoms;  but  if  the  limit  be  at  any 
time  sufficiently  exceeded,  the  symptoms  of  chronic  poisoning,  presently 
to  he  discussed,  arise.  After  a  long  time,  some  twenty  years,  these  sjinp- 
toms  may  also,  but  rarely,  occur  in  those  who  have  always  kept  within 
bounds. 

With  habituated  individuals,  the  use  of  tobacco  by  smoking,  chewing, 
or  sniiffiing  brings  with  it  a  certain  pleasant  sensation,  which  is  somewhat 
difficult  to  define.  There  appears  to  be  a  certain  repose,  which,  whilst 
it  neither  directly  aids  nor  hmders  the  psychic  processes,  leaves  the  mind 
free,  and  in  general  raises  the  user's  enjoyment  of  other  pleasures,  or 
lessens  his  annoyance  at  the  opposite. 

The  experience  of  military  campaigns  appears  to  ^how  that  the  use  of  tobacco enal 
soldiers  to  endure  greater  hardship  and  hunecr.  With  the  crKograph,  I'aLmto,  ion. 
found  that  cigarette  smoke  at  firsl  increased  the  mtisctiltir  vvrk,  but  that  fatigue  set 
in  sooner,  and  the  total  efficiency  was  decreased.  Kice,  I4)i3,  found  that  the  muscular 
activity  of  mice  in  a  revolving  cage  was  not  diminished  by  fairly  high  nnd  loog-co^ 
tinued  doses  of  nicotin. 

The  blood  pressure  during  smoking  rises  slightly  and  slowly  in  mt 
erate  smokers;  in  inexperienced  smokers,  it  shows  a  sharp  rise  at  Erst,  and 
considerable  fall  when  collapse  sets  in  (Lee). 

Nkotai  nnd  Staehetin,  1910,  found  that  in  tobacco  uwrs  the  heart  rale  :ivet 
somewhat  higher,  esptcially  in  work;  no  definite  changes  could  be  made  out  in  the  sys- 
tolic find  diustolic  blood  pressure  or  eIectrorardicigram5.  Aliprandi  and  FomaroH 
(1905)  claim  that  tobacco  chewing  causes  a  distinct  constriction  of  the  cerebral  vcssrU- 

How  much  of  the  psychic  effects  is  due  lo  nicotin,  how  much  lo  other  factors,  we 
cannot  Bay.  It  is  certain  that  the  nicotin  strenffth  of  th.e  tobacco  is  not  the  determining 
feature  of  this  action' — rather  the  aroma.  Smoking  in  the  dark  doe*  not  give  a?;  much 
enjoyment;  and  simply  holding  an  unlightcd  ciRar  in  the  mouth,  the  chewing  of  other 
objects,  etc.,  give  similar,  though  much  weaker,  sensations.  The  truth  would  seem 
to  l>e  ih.nt  it  deficnds  upon  a  reflex  siimiitation,  from  the  mucous  membrane  of  the 
mouth,  nose,  etc.,  in  which  the  nicotin  plan's  a  part;  and  with  this  may  be  usodated 
a  direct  sictton  of  the  nicotin  upon  the  ceatraJ  ner>'ous  system,  at  ODCC  ttimi 
and  depressing.  . 


Nicoxrx 


.US 


Chronic  Intoxication. — The  phenomena  resulting  from  the  excessive 
vf  oi  tobacco  take  many  forms;  especially  local  irritatioa  of  the  respira- 
tor tract;  digestive  and  nutritional  disturbances;  functional  cardiac 
anlhmias;  depression  of  various  parts  of  the  central  nervous  system; 
neuralgias;  more  rarely  impairment  of  vision. 

Local  Effects. — The  nicotin  and  other  basic  constituents  of  the  smoke 
act  as  fairly  strong  irritants,  as  shown  by  the  biting  sensation  on  the 
ton^  noted  especially  when  the  smoke  is  concentrated  on  one  point, 
as  in  pipe  smokmg.  This  constant  local  irritation  seems  to  favor  the 
devQlopmen  t  of  epilhelioma  of  the  lip  and  tongue.if  the  quantity  consumed  is 
\Try  large  or  the  smoker  specially  disposed.  There  is  also  a  more  general 
irritation  of  the  mucous  membrane  of  the  mouth,  throat,  and  pharynx, 
leading  to  catarrh  and  hoarseness. 

Circolatoiy  Disturbances. — The  first  warning  symptoms  are  occasional 
palpitation,  quickened  heart  rate  and  arj'thmia.  These  become  persistent 
if  Uie  nicotin  is  continued,  but  disappear  on  withdrawal.  In  advanced 
cases,  the  abstinence  must  be  continued  for  months.  The  arythmia  is 
purdj'  functional,  due  to  extrasystoles  (^premature  beats  with  long  pause), 
poindng  to  increased  irritability  of  the  cardiac  structures.  It  is  similar 
Id  that  of  caffein,  h>*stcria  and  neurasthenia.  In  graver  cases,  the  cardiac 
incgclarity  may  become  extreme  and  lead  to  sudden  fainting  {syruope). 
Rapiratory  distress  naturallv  accompanies  the  marked  cardiac  phenomena. 
Angina  pectoris  is  so  rare  in  these  subjects  that  it  must  be  attributed  to 
causes  other  than  the  nicotin.  On  the  other  hand,  arteriosclerosis  appears 
to  be  favoreil  by  it. 

T>ie  cttnsystoles  are  usu^y  auricular.  Auricular  gbrillalion  and  "flutter,"  and 
riBo^uricular  block  ha%-e  also  been  encountered  (Ncubof,  1916).  Tbc  block  dift* 
Ipfnred  witliin  three  flays  after  slopping  the  tnharco. 

lanbbits,  chronic  oicotiri  poisoning  produces  anatomic  arterial  and  cardiac  changes, 
ifanBir  to  those  of  epinephrin  (Aillcr  and  Ilenst'l,  1005;  Ilaylac,  1006;  OlLo,  1911; 
Wtr,  1914).  These  resulu  can  be  only  cautiously  transferred  to  man.  Pawinski, 
I9i4r  dauni  that  42  per  cent,  of  t.ooo  caws  of  c-oranary  tdmisis  had  histories  uf  im- 
Boinite  unokiog;  and  that  nicotin  produces  m.'U'ked  ch.-ingea  in  the  coronary  vessels 
ud  h««rt-causclc  in  animals.  LJasauer,  1914,  also  describes  histologic  changes  in  the 
oviKtnd  other  ganj^Uon  cells. 

IN(estiTe  and  Nutritional  Disturbances. — The  symptoms  next  in  order 
ttr  probably  those  arising  from  the  alimrtttary  canal,  and  depending  upon 
the  CDotinued  irritant  action  of  the  nicotin.  These  are:  Loss  of  appetite, 
tiwi  dy^opsia  and  chronic  intestinal  catarrh,  shown  by  alternating  con- 
stipatkuiand  diarrhea.  (With  moderate  smoking  the  nicotin  seems  rather 
to  have  a  tendency*  to  keep  the  bowels  regular.)  These  conditions  lead 
to  emaciation  and  anemia. 

SnaUnc  tnhibiu  the  huaicr  catUrat:lioM  of  the  stomach,  the  effect  bdng  nroportiona 
■il^  local  itimuUtion  of  the  mouth,  etc.  (Carlson  and  Lewis,  1914).  Tne  dige&llve 
fcmmut*  of  the  stomach  arc  presumably  not  arre!itcd.  A  direct  action  upon  ihr 
Mood  Bjiy  alv)  h-i^-c  it  part  tn  the  •in^mi<i;  the  continued  administration  of  nicotin  to 
aiimli  leading  to  diminution  0!  red  corpuscles,  and  increase  of  leucocytes.  It  if.  aha 
dtJBd  ihtt  it  dimiiil-jhrf  (he  oxygenatiu;^  power  of  hemoftlobin.  The  nitrogen  cxcre- 
tfa«  ii  isiheff  morr  diminished  than  the  auimilation,  so  that  there  nu.y  be  a  gain  in 
ftadifHUlnfen.    Transitory  albuminuria  may  occur. 

Berrtms  Disturbances. — These  are  rarely  serious.    The  psychic  func- 
*bow  a  slowness  and  want  of  energy.     Anxiousness  and  insomnia  are 
frwiuent.     There  i.s  a  general  muscular  debility,  tremors,  and  want 
'cootroi  over  movements. 
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The  Tcflt'xea  are  heightened.  Verllgo  and  a  tabetic  condition  may  tet  in.  TTiereis 
then  an  iccrc^c  of  excitability  in  the  sensory  and  pain  areas,  and  consequently  head- 
ache and  neural^ia-s;  hut  the  latter  arc  in  nart  due  to  referred  nain  frnm  the  cardiac 
disturbances.  They  arc  often  early  and  quttc  characteristic,  and  take  the  form  of  paia 
and  hyptresSkfiid  in  ihe  precordial  region,  left  nipple  and  ulnar  surface  of  left  arm. 

NlcDtin  Blindness.— 'rhi»  is  relatively  rare.  It  eeems  to  be  favored  by  ajcoholiiin. 
The  &igbt  gradually  beroTneH  dim.  with  centrnl  s>cotoma,  impaired accommtKlatioa,  and 
often  miosis.  It  is  always  bilateral.  The  anatomic  cbangCA  consist  in  retrobulbar 
optic  neuritis,  with  subsequent  atrophy.  Until  deKeneratJon  has  set  in,  a  complete 
cure  can  usually  he  effected  by  absLiining  from  nicolin;  later,  this  will  only  arrest  the 
further  progress  (de  Schwcinitz,  1896). 

Other  Toxic  Amblyopias. — ^Many  pmsons  may  produce  blindness,  temporary  or 

Erraancnt,  in  susceptible  individuals,  especially  on  continued  administration.  Thii 
s  been  recorded  for  stramonium,  cannabis,  chloroform,  opiates,  carbon  disulphid. 
arsenic,  lead,  iodoform,  aspitlium,  quinin,  salicyl,  methyl  alcohol,  etc.  For  mo4t  of 
these  the  changes  are  analogous  to  tho«c  of  nicolin.  With  mcthvl  alcohol,  quinin  and 
siJicyl,  the  retinal  ganglioa  cells  are  also  involved.  The  metoi^  and  aspidium  may 
produce  primary  optic  atrophy  without  preceding  neuritis  (de  Schweinitz,  1896  and 
1903). 

Of  other  rSfcts  which  have  been  ailribuled  to  nic-clin,  but  with  insufficient  cause, 
may  he  mentioned:  impotence,  epilepsy,  and  insanity  (G.  W.  Jacoby,  1S98;  Xaecke, 
1909)  ■ 


Treatment. — It  will  be  seen  that  tne  catalogue  of  injurious  action.'; 
be  charged  against  the  abuse  of  this  drug  is  sufficiently  large;  but  on  the 
otiier  hand,  it  must  be  noted  that  these  are  absent  with  moderate  use.  and 
can  be  abolished  if  the  use  of  the  drug  is  promptly  limited  on  their  first 
appearance.  Actual  withdrawal  is  not  always  necessary.  Limitation  in 
quantity,  the  use  of  tobacco  poor  in  nicotin,  sufficient  expectoration,  and 
the  avoidance  of  deep  inhalation  of  the  smoke,  are  often  sufficient.  Quick 
total  withdrawal  does  not  lead  to  abstinence  .symptoms,  as  with  morphia 
(except  possibly  in  some  especially  neurolic  subjects),  although  it  may 
disturb  the  function  of  the  bowels  for  a  few  days.  The  principal  point  in 
the  treatment  is  to  keep  the  thought  of  the  patient  off  the  topic  of  tobacco, 
and  to  supply  the  accustomed  stimulus  to  the  mouth  in  some  other  manner, 
as  by  chewing  ginger  or  gentian. 

The  use  of  tobacco  must,  of  course,  be  avoided  in  pathologic  conditions 
in  which  there  are  special  contraindications  to  it — in  heart  disease,  d 
Bia,  inflammation  01  the  respiratory  tract,  etc. 
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Tobacum  (Tobacco). — "The  coramercial  dried  leaves  of  Nicotiana  TahacttB. 
Linnf  {X.  O.  SoLanacec)."  An  annual  plant,  probably  indiccnous  in  tropical  America. 
and  now  cultivated  in  most  partj  uf  lite  world.  The  annual  production  of  the  world  ia 
e»ltnuted  at  1,000,000  tons  (1,000,000,000  kc).  Other  species  also  contain  the  nicutin. 
The  plant  was  introduced  into  liuropc  shotlly  after  the  discovery  of  .\mcrica.  Itsose 
by  smoking  w.is  prac tistnl  by  the  natives  at  the  lime  of  Columbus. 

The  itnport.int  constituents  arc  nicotin,  which  b  also  present  to  a  less  extent  in  all 
other  parts  of  the  plant,  and  a  vulatile  oil  developed  la  dr>init  and  "swcatinj;."  The 
percentage  of  nicotin  varies  between  i  and  8  per  cent.:  In  Havana  and  Mar^'land,  1.5 
to  3;  Virginia  and  Kentucky,  6  to  8;  Soutfi  American,  2  to  6;  German,  1.5  to  3.  A  num- 
ber of  other  alkaloids  have  also  been  announced  to  exist  in  small  amount  in  tobacco 
(Pictet  and  Rotschy,  1901). 

The  dried  leaves  were  formerly  ofBdal,  but  arc  now  obsolete  in  medicine;  if  used,  aa 
infunon  may  be  made.    The  A^j*  w.i*  given  sa  0.5  Gm. 

Nicotin,  C10H14N1,  is  a  fluid,  volatile,  oxygen-free  alkaloid,  of  strongly  basic  charac- 
ters. It  form'^  suits,  most  uf  which  ari;  ^ultible.  It  is  culmlrss  und  almost  odorless  vben 
freshly  [ircpared;  but  it  partly  decomposes  on  keeping,  acquiring  a  chatactctiatic  odor 
and  a  brown  color.    TbcJojc  would  be  to  0.001  Gm. 
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LOBELIA 

Hie  bob  LobctU  infiaU  was  used  by  the  American  Indians  as  a  substitute  for 
Uburo.  It  vras  introduced  intn  medicine  by  Sninucl  Thonip^on  about  the  betpnmng 
c4  Ibe  nineteeatJi  centur>'  b^  ('^c  main  basis  of  his  peculiar  s>-9tcm  of  trcatnieiit.  The 
cUrf  conitittKOt  1%  the  iillcalotii  Lobelin  with  iicliuns  re^'mbling  nicolin  (Kdmunds, 
1^).  SduII  doses  lower  the  COi  threshold  of  respiration  tWicland,  1913).  Large 
doMtpontjic  the  rrspirutory  cenltr  und  cardiac  muscle  (Mulo  iind  Iw&kawa,  igio). 
Rilitinly  uoatl  du«e&  paralyze  the  bronchial  muscles  (Dresser,  i8Sg),  which  may  ex- 
jlm  ia  OR  in  asthma.  It  is  also  somewhat  employed  in  other  respiratory  disorders 
aiupKlorant,  emetic  and  cathartic;  but  it  is  an  unreliable,  depressant  and  dangerous 
driL   The  uusea  and  emetic  action  are  centr.il  (I-'fcglcston  and  Hatcher,  1915). 

PoiiooiDg  is  treated  by  evacuation  and  stimulants. 

PBEPAKATIONS^LOBELIA 

ItUii.  r.S.P..  B.P.  (Indian  Tobacco).— The  dried  ieii\'es  and  Sowcring  tops  of 
Lobells  btOata.     Dose,  0.15  Cm.,  a^  f!r.,  U.S.P. 

FU^ii.  UM..  U.S.P.— />(ij«,  0.15  c.c,  iH  minimis  U.S.P. 

Tr.  Lohtl.,  IT.S.P. — 10  per  cent.  Dose,  i  c.c,  15  niioim?,  C.S.P.  MaJtimum  dose, 
1  cc.  JO  lainims. 

Jr.  ItM.  AeOi,,  B.P. — 30  per  cent,  in  Spir.  Aelh,     Dose,  03  to  I  cc,  5  lo  15 


CONIUM 

^  Coatitm  or  "  Watcr-Itemlock,"  an  Umbelliferous  herb,  contains  a  number  of  alkA- 

loidt,  of  which  cmtiin  is  the  moi^t  iraportant.     This  is  a  simple  derivative  of  Pipcridin, 

aad  ins  the  hrst  alkaloid  sviithetiKcd.     Children  are  fometimcs  poisoned  by  eatinR  the 

ro0t    The  juice  ht  beUevcd  to  have  been  the  poison  administered  lo  Socrates.     It  was 

iatnduced  into  medicine  by  Stoerck,  1770,  but  is  now  practically  obsolete.     It  was 

loRoeriy  used  as  a  sedative  and  antispastnodic  in  chorea,  mania,  convulsions,  whoop* 

iac  w^  and  asthma;  and  locally  in  hemorrhoids  and  other  anal  lesions.    Its  per- 

i(nflnl  acfJena  arc  similar  ta  those  of  nicotin,  but  it  produces  mure  pronounced  na- 

xaiy^  oi  the  central  ner>-ous  system  and  of  the  skeletal  mu&cle- nerve  endings.    Poisoning 

is  tfealcd  bv  Unniu,  evacuation  and  »limidaat5.     .\  bibliography  h>  given  in  Cushny's 

"Phaisucoiogy." 
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GELSEMIUM 


II 


this,  the  root  of  Yellow  Jasmine,  acts  similarly  to  nicotin  and  coniin.  Ita  centnl 
Jcptt^aanl  actioD  is  n:lati%-cly  more  marked  (Cushny,  1^2).  It  contains  a  crystalline 
■fc-alnM  Cttumin,  with  weak  strychnin  action;  and  several  amorphous  alkaloids, 
<irfjiMiw«a  vtdGetsfmaidin  (C.  W.  iluorc,  1910;  Suyre,  1^0  and  1913;  Sayrc  and  Chil- 
HiV**^<'9'4)i"'bichareducfly  resfmn^ble  for  the  effects  of  the  drug.  "Gelsemioia" 
Mcndk  has  been  shown  to  consist  of  Oclscmin.  Stevenson  and  Sayre,  IQ15,  describe  a 
foftber  alkaloid,  "sempervirin." 

Dm. — GeUcmium  ia  employed  against  trigeminal  and  other  neuralgias.  This  has 
••  nhanMacnIogic  explanation.  Even  small  doses  sometimes  cause  toxic  symptoms: 
^Mtaok  dauUe  viaion,  and  slowing  and  arrest  of  respiration.  Its  local  appUcatioa  to 
tBB  CTC  dOates  the  pupil,  with  considerable  irritation  (Putzej's  and  Romie,  18^7).  It 
i»a0  Imager  used  oa  a  mydriatic.     Poisoning  is  treated  by  evacuation,  atrofrin  and 

PREPAR-VTION5 — CELSEttI  VU 

Gd§emnim,  V^SV.-.Cflirm.  Riid.,  B.P.  (Vellow  Ja&mine  Root). — The  dried  rhizome 

~  nx>t  of  UcUcmium  scm(>t:r\-ircas  (nitidum,  B.P.}     Dase,  o.Oj  Gm..  y^  gr. 

fist  GHsrm..  tT.S.P. — A  powdered  extract,  i  GnL  representing  4  Gm.  of  the  dnis> 
Am.  to  mg.,  H  KT.,  U.S.P. 
\    FSdai.  GHifm.,  I  .S.P.— Zfcir,  0.03  c.c,  M  minim.  U.S.P. 

Tr.  Gtlttm.,  ir.S.P^  B.P, — 10  per  cent.     Doxe,  0,3$  c-c^  4  minim,  C.S.P.;  0.3  to 
cc^  5  tu  15  raiainu*  B.P. 
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MANUAL  OP  PHARMACOLOGY 

SPARTEIN 


General  Statement. — This^  alkaloid  ha.s  been  used  to  slow  the  puls^ 
in  cardiac  disturbances;  but  its  effects  are  uncertain,  it  weakens  the  hearty 

and  can  not  take  the  place  of  digitalis. 

Spartein  is  a  pyridm  derivative,  like  nicotin  and  coiuin,  and  has  umiUr  action* 
{Fick,  187*).  Its  renlral  effecl-s  ^ic  slight  and  its  tcnicily  relatively  low  (Griff*.  i886^ 
took  0.4  tiRi.,  6  gr..  without  bad  efiect&,  except  slight  confusion).  It  has  no  ilirect. 
action  oa  Uic  vuiwjmotor  center;  but  the  depression  of  respJralion  tends  to  produce 
asphyxial  stimulation  (rikhi;t  and  Sollmann,  1915}-  Peripherally,  it  has  a  fairty- 
stron;;  curan:  action,  arresting  respiration  by  paralyzing  the  phrenic  endings  (Cushny 
and  MatlhcwF,  180s).  I-arRcr  doses  iHf^n  paralyze  the  respiratory  center  (Muto  atwl 
tshizaka,  1003).  It  has  a  weak  local  anesthetic  effect  (Guinard  and  Gclcy,  1894).  No 
habilualiun  could  he  inrlurt-il  in  guirKa  pigs  (Dorleneaurt,  1913). 

Circulatian. — llio  exijerimeiilul  data  give  a  confused  picture  of  its  actions.  Small 
do9C&  produce  peripheral  P'Jjmj  paralysis  (Kick  and  all  subsequent  workers).  This  may 
sometimes  result  in  prclimitiury  quickening  of  the  pulse  (Gluzinski,  1889)  and  reniovj 
of  any  vagus  aiythmias  (Masiun,  1S87).  The  most  constant  feature  is  stoa-img  af  tit 
pidst  rate,  which  is  not  prevcntvc]  by  atropin,  and  is  therefore  due  to  direct  depression  of 
the  cardiac  muscle.  Recauncof  theslowini;,  the  pulse  waves  appcarlarge;  but  in  ranlratt 
to  digitalis,  the  tendency  of  the  heart  is  diastolic  instead  of  systolic  (Cusho^-  and  M«t- 
thews).  Frogs'  hearts  also  showdecrease  of  rate,  strength  and  tnnc.  With  intraveDOVi 
injections,  the  slowing  becomes  so  extreme  that  it  may  De  fatal;  but  this  extreme  actios 
is  of  »hort  duration,  does  not  occur  on  oriit  administration,  and  is  probably  due  to  direct 
irritation  of  the  endocardium.  The  blifod  pressure  shows  a  progressive  (all,  cxplaioabk 
by  the  cardiac  depression.     Excised  arteries  arc  dilated  (Cow,  igii).     Rise  of  blood 

Ercssurc  has  been  reported  hut  is  of  inconstant  occurrence  (Cema,  1S94),  and  is  per- 
aps  due  to  the  mechanical  effects  of  the  injectioa  and  to  asphyxia. 
Diuretic  Effect. — This  has  been  alTimii*d  and  denied,  clinically  and  experimentallf 
(MacXitler.  1910;  Griffi,  1886).     Its  existence  is  very  doubtful.     Fronmueller,  iS;8, 
contendtrd  that  the  reputed  diuretic  effect  of  the  parent  plant  (Scoparius)  Is  due  raaialy 
to  scoparin,  a  neutral  principle. 


Uses. — Spartein  was  recommended  by  S6e,  1885;  Laborde  and  Legris, 
i886;  and  many  others,  in  cardiac  disease,  val%ailarand  functional,  ncnou* 
palpitation.  Graves*  disease,  asthma,  etc.  Clarke,  1S87,  claimed  that  it 
produces  marked  slowing  and  strengthening  of  the  pulse,  the  effect  ap- 
pearing in  thirty  minutes  and  lasting  for  five  to  six  hours.  Perhaps  more 
clinicians  consider  it  useless  (Leo,  1887;  H.  C.  Wood).  It  is  certainly 
devoid  of  the  cardiac  tonic  action  of  digitalis;  and  without  this  the  slowing 
would  be  of  little  value.  The  influence  of  drugs  on  functional  cardiac 
neuroses  is  difficult  to  judge.  Atropin  would  be  more  efficient  for  paralys- 
ing the  vagi. 

Dosage. — to  mg.,  ^  gr.>  gradually  increased  to  0.13  Gm.,  3  gr.,  ever>* 
six  to  eight  hours.  A.  Jacobi,  1907,  advises  not  less  than  i  gr.  per  day, 
even  for  babies.     Overdoses  produce  nausea  and  vomiting. 

PREPAJtATIONS — SPARTEIN 

'Sparteina SutpluJS  (Spart. Sulph.). U.S.P.;CnHi»N|.H,S04  +  sHiO.— HygrascDpic 
colorless  crystals  or  powder;  odorless;  slightly  bitter.  Freely  sol.  in  water  (i  :  i.i)  or 
ale.  (i  :3).     Dose,  10  mg.,  }■(,  ^r.,  U.S. P.     Maximum  do.se,  o.a  Gm.,  3  gr. 

Scoparii  Cacumlna,  B.I'.;  Broom  Tops. — The  fresh  or  dried  tops  of  Cytinu  sco|jarbts. 

Inf.  Scopar.,  B.P. — 10  per  cent,     ifcsr,  30  to  60  ex.,  i  lu  2  ounce*,  B.P. 

Succus  Scoparii  (Succ.  Scopar.),  B.P.;  Juice  of  Broom.— The  juice  cxprcMcd  fnm 
the  fresh  plant  and  preserved  with  one-third  it£  volume  of  alcohol.  Dost,  4  to  S  ex., 
X  to  a  dramS;,  B.P, 
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CURARE 

Genenl  Statement. — ^This   is  praciically  important  in  laboratory 

technic,  for  paralyzing  the  skeletal  muscles  through  a  selective  depression 

of  iheir  ncr\*e-endings,  as  shown  in  the  classical  researches  of  CI.  Bernard, 

1857.    It  has  no  ciT«;cl  on  sensory  nerves  and  is  not  an  anesthetic.     It 

produces  a  number  of  side  tffccls,  resembling  nicoiin  in  depressing  auto- 

oomic  ganglia  (vagus);  and  strychnin  in  stimulating  the  spinal  cord.     It 

tnay  produce  glycosuria.     Intravenously,  it  cau^^cs  a  tcmjiorary  fall  of 

Uood  pressure,  returning  rapidly  to  normal  with  moderate  doses.    Death 

occurs  by  paralysis  of  the  respiratory  muscles;  animals  may  be  saved  by 

iTti&cial  respiration,  the  drug  being  rather  rapidly  excreted  by  the  urine. 

Curare  is  mutually  antagonistic  with  physosiigmin.     It  is  much  less  toxic 

by  the  stomach,  on  account  of  slow  absorption  and  rapid  destruction  and 

fscrction.    It  has  been  used  therapeutically  against  tetanus  and  other 

tonviilaons.  but  only  obviates  the  fatigue  and  exhaustion,  and  is  quite 

dangerous  because  of  Iht:  uncertain  dosage. 

Otter  Drugs  Producing  the  "Curare  EflEect"— These  are  quite 
wncrtKis. 

Aooajt  the  most  important  poisoDs  posK^og  this  action  are  the  following:  • 

Ctrtiin  aimnonium  bftses,  amidt  sod  amins,  chotin,  muscarin,  etc 

Mrthyt-^trychnin.  guanidin  fHrown  and  Fraaer,  1869). 

bdl)hijcLrarin.  Heyl  (Kahn,  iqoo). 

Aiomatic  serit^:  Pyridin,  quinolm,  thalUii. 

Nicolio  scries,  pipcridin. 

Sforphin  and  related  aUcaloifls. 

Cgoh. 

Cunjiiiot  b  IrogSj  but  not  in  worm-Hooded  animals. 

Cttlaia  patrcfactive  ptomains. 

mdicts  of  muscle  mcubolisra. 

^Ivcunre  effect  of  many  of  i  hesedruKs'is  an  unimportant  side-action,  which  can  only 
be  dnnnutnited  in  frogs,  bdng  obscured  by  other  actions  in  mammals. 

&  Fncnkel,  1Q04,  attribute^  the  curare  artion  nf  ihc  ammoRium  bases  and  rehited 
"fcwpiolbc slcreochcmic  orientaiion  of  the  valences. 

Ol%hrf— Curare,  Woorani.  I'nirt  or  Ticnnas,  comprises  several  \*ariellea  of  eilracis, 
pnpind  hy  South  American  Indians  as  arrow  poLsons,  from  the  root-bark  of  several 
Stfy^Ws  plants.  It  was  lirst  brought  to  Eua'pe  from  Guyana  by  Sir  W.  Raleigh, 
»595-  Utile  is  known  of  their  nrcparaliorj.  They  vary  greatly  in  composition  (cer- 
tiin  vifirtics  were  supposed,  prooably  erroneously,  to  contain  snake  venom);  and  they 
Jetcriotair  im  krcpiriK.  e?vi»ecially  if  m';iisi,  mi  that  commercial  curare  Is  a  very  unreliable 

n'    The  naming  of  the  active  alkaloids  is  so  confused  that  they  are  not  much  better. 
■rfftles. — The^c  are  designated  by  the  kind  of  containcr<i  in  which  they  reach 
cnduarrcr:  CaJabitsk  (Gourd)  curare  is  obtained  principally  from  Strycknoi  toztfera  aivd 
ntstUTa  lurarin.     Tube  curare,  in  bamboo  tubes,  Is  of  undetermined  source,  and  con- 
tobocuraria  and  curio.     It  is  the  least  desirable  but  the  moat  common  variety. 
\  at  jar  (Tirff)  curare,  comes  from  Str^xhnos  Castclnci  and  Cocculus  touferu»,  and 
lina  pnitncurarin  and  protocurin.     AU  the  varieties  consist  of  brown  masses,  in- 
iy  birtcr.  not  irholly  soluble  in  water,  more  soluble  in  dilute  acid. 
Active  Ptindples. — .-Ml  the  above-named  couiitilucnu  arc  alkaloids.     Curarin  and 
MOCocwin    have    the    roost   t)i>ital   effects,  and  the  latter  is  probably    stronger. 
TUlwtuiafin  has  a  modi  weaker  muscle-nerve  action,  a  stronger  strychnin  eCect,  and 
taatmsin  the  heart  rate.      Curin  b  devoid  of  the  musdc-ner\-c  action,   but   first 
aCiaiilates  and  depresses  the  heart.     It  can  be  converted  into  curarin  (Uochm). 

Carmrm  b  related  chcmicallv  and  in  actions  to  str\-chnin.  Its  preparation  from  cala- 
I  hmah  cmraiv  by  the  method  of  ituehra.  18^7,  is  described  in  the  Reports,  Counc.  Pharm. 
L^bem.,  1910.    Tubocurarin  is  not  a  proper  sj-nonym  although  it  uas  been  &o  used. 

^B  Pirmlysis  of  Muscle-nerve  Endings. — Ordinarily  the  only  symptoms 
^^k  "curare'*  poisoning  consist  in  this  paralysis.  When  the  curare  is 
^Kfoduced  under  ibe  skin,  it  causes  a  lutal  iuss  of  motion,  ^st  of  the 
■  TotoDtar>*  and  then  of  the  respiratory  muscles. 
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Seqtiencf.^Thv  order  in  which  this  disturbance  appears  b  the  following:  Short 
muscles  u(  the  toes,  ears,  and  eyes;  then  the  lirabs,  head  and  Deck;  liniUly  the  respiratory 
muscles,  hrst  the  thoracic,  then  the  diaphragmatic,  and  lastly  the  abdominal  (Chift,t9ii). 

The  heart  is  not  aHcctcd  except  with  very  much  larger  doses. 

The  muscles  which  are  least  alTecleil  by  curure  are  lliow  which  contain  the  larfcrst 
amount  of  utilizable  oxygen^  and  survive  longest  after  the  death  of  the  animal.  This 
supply  of  oxygen  accouaU,  prubiibly,  for  the  leaser  susceptibility  to  the  depressing  action 
of  curare, 

Devclo/>mnii  of  Paralysis. — The  first  sign  of  curare  action  consists  En  incapacity  for 
sustaini?d  cfToct  on  rcpcattMl  stimuJalian  of  the  nerve;  t.<r.,  wht^rras  a  &inRle  con- 
traction is  normal,  fatl^e  sets  in  marc  readily  than  usual  (Uochm,  1S94).  Tnen  the 
height  of  contraction  is  somewhat  lowered.  Then  the  currcut  must  be  sttvngthened 
to  obtain  any  response;  and  finally  even  the  strongest  stimulation— of  the  nerve — U 
inetTectual. 

Location. — This  was  investigated  by  Fontana  and  established  by  the  work  of  CL 
Bernard,  1857.  It  is  eWdcnt  that  some  structure  Li  paraly?^.  The  panilysw  might 
have  its  scat  in  any  part  of  the  central  nervous  system  or  it  might  be  peripheral.  Stimu- 
lation  of  the  sciatic  does  not  produce  a  contraction  if  the  dose  bus  been  suOJcieDt.  The 
point  of  attack  rauit,  therefore,  be  peripheral  to  the  sciatic  nerve.  This  leaves  the 
nerve  trunk  itsi-lf,  the  nerve- en  dings,  and  the  muscle  fibers.  Slimulalioa  of  the  rauscte 
directly  Ls  effective,  so  that  this  is  excluded.  To  deddc  between  the  nerve  trunk  and 
nerve-endings,  he  placed  a  ligature  around  the  body  of  a  frog,  with  the  exception  of  the 
«ciatic  nerves,  and  tightened  the  ligature  so  as  to  entirely  exclude  the  Inner  extremities 
from  the  circulation.  He  then  injected  the  curare.  In  this  maoner  the  peripheral 
portions  of  the  sciiitic  nerves  and  the  endings  dtd  nut  come  into  contact  with  the  curare 
and  the  ncr\-c  trunk  wai  alone  exposed  to  the  poison.  He  found  that  stimulation  of  the 
trunk  caused  normal  contraction.  Consequently  ibut  curare  bad  no  action  on  it,  thus 
leaving  only  the  endings. 

He  also  proved  the  [wint  in  a  Mmplcr  manner  by  ligaturing  one  leg  exclusive  of  the 
neni'e,  or  hy  placing  the  muscle  of  one  and  the  nerve  of  another  muscle-nerve  preparatioa 
into  the  solution.  Garten,  1912,  has  shown  by  careful  methods  that  even  prolonged 
exposure  to  strong  curare  solutions  does  not  affect  the  nerve  trunk. 

The  "  muscle-ncrvc  ■'  endings  affected  by  cunire  need  not  ncceasorily  be  Identical 
with  the  anatomic  end  plates,  although  this  Li  possible  (Edmunds  and  Roth,  190S). 
Kuehne,  1S86,  dr^cribed  snjnc  ob!icr\'ations  which  indicate  that  the  action  is  not  always 
strictly  localized.  The  peculiar  antagonism  n-ith  nicotin  was  discussed  on  p.  2^. 
The  nerve-endings  of  invertebrates  arc  not  paralyzed  (Straiib). 

Dirrci  stimulation  0/  the  muscle  (id  cat:n)  requires  a  somewhat  stronger  current 
under  curare,  but  not  if  the  nerve  has  Uegcneraled.  Epinephrin  also  restores  the  thresh* 
old  of  muscular  stimulation.     Fatigue  incrca&es  the  threshold  (Gniber,  1914). 

Sensory  Ntrvcs. — These  are  not  affected  by  curare.  The  reports  of  early  traveler* 
who  describe  pnisnning  by  curare  arrows  mention  that  sensation  is  not  impaired  when 
motion  is  entirely  impossible.  Bernard  also  studied  this  action  directly  on  the  frog. 
He  ligatured  nnt'  Itg  with  the  exception  of  the  sciatic  nerve,  injected  the  p<^son,  and 
applied  the  stimulus  to  one  of  the  upper  extremities.  This  caused  a  reflejc  movemcat  of 
the  ligal:Lirt;d  lei;,  whicli  wuuld  not  have  been  the  case  bad  the  sensory  endings  of  the 
foreleg  been  paralyzed. 

Paralysis  oj  Respiralian  as  Ctusr  of  Broth. — In  cold-blooded  animals  In  which  the 
respiratory  exchange  lakes  pUce  largely  through  the  skin,  and  respiratory  movcmenu 
are  unnecessary',  the  (wison  Is  gradually  eliminated  if  the  animal  be  kept  in  a  mobt 
atmosphere.  Complete  rccDvcry  occurs  after  eight  to  ten  days,  except  when  the  dose 
is  extremely  large,  in  which  c.ise  other  factors  come  into  play. 

Warm 'blooded  animals  die  of  paralysis  of  the  respiratory  muscles.  If  arti&clal 
respir,iliiin  Ih'  kept  up  and  the  dusc  has  been  only  just  large  enough  to  produce  a  pAralysis 
they  may  also  recowr. 

The  recovery  of  the  respiratory  muscle  begins  immediately,  whilst  the  sciatic  end- 
ings rtf^uire  several  hours.  The  effect  of  the  curare  increases  progressively  with  the 
dose:  it  is  as  if  on  incrcasiug  rcsistaacc  were  gradually  introduced  Ijclwecn  the  nerve  and 
the  muscle. 

The  scat  of  the  respiratory  paralysis  is  also  peripheral,  for  stimulation  of  the  phrenic 
ncr\-e  does  not  cause  contraction  of  the  diaphragm. 

The  respiratory  paralysis,  if  it  is  not  too  profound,  is  promptly  remo%xd  by  pitys**' 
tigmin;  stimulation  of  the  sciatic  also  becomes  effective  again. 

Bronchial  muscle  is  not  aflected  by  Curare  (Trendelenburg). 

HetaboUsm. — Curare  paralyzes  ihs  Umpa'aturc  nerves  of  themusdcs,aswcllastl]a 
motor  nerves,  so  that  cocain,  e.g.,  can  not  raise  the  temperature. 
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the  muscuUr  paralysis  lowers  Ike  vseiabolism.  It  i!>  claimed  that  this  diminution  Is 
Ear  more  ronspicuous  in  the  nilrogen,  tlian  in  the  car  linn -meUboJ  ism, 

Glycoeuria  is  a  frequent  but  not  constant  pht-nomeiu  (Morishimi,  iSgij).  It  is  not 
vkilly  due  to  asphyxia,  for  it  can  not  be  completely  prevented  by  artifidal  respiratioD 
[Macifod,  1900).     The  earlier  literature  is  rc\-iew«i  by  S.  Wcbcr,  1004, 

PeristaJfiis-^This  is  often  increased,  partly  by  asphym,  but  also  with  Artificial 
rt$pir.itit>n.  Bidder,  i8ti|;,  found  no  direct  effect  on  intestinal  or  other  smooth  muscle, 
nen  with  the  largest  dows, 

Autooomic  Oauglia. — The  vagus,  vasomotor,  salivary,  pupillary,  etc.,  gangUa  are 
<kpie4.MNl,  but  usually  not  as  strongly  as  with  nicolin.  Tl^e  neart  is  quickeni-d  after 
ilight  primar>'  slowing.  Electric  stimulation  of  the  vagus  docs  not  arrest  the  heart,  but 
it  any  be  slowed,  or  brat  faster  (Dale  and  I^idlaw,  191 1). 

Effects  on  the  Circulatian. — If  artitirial  respiration  ts  maintained,  the  first  effect  of 
ouare  on  the  circutation  consists  in  a  fall  of  blood  pressure,  due  to  peripheral  vasomotor 
dtprtfAion  (Tillie,  1S90;  Sollraann  und  Pikhcr,  1910),  This  is  soun  nucoinpanied  by 
qiocVcncd  heart  beat,  from  depression  of  the  vagus  ganglia.  The  depression  does  not 
Kanlily  pass  into  paralysis,  so  that  stimulation  of  Ihc  vagus  or  sciatic  is  still  effective, 
isdeed,  the  vasomotor  rcficxcs  may  be  increased,  through  the  central  action  of  the  curare. 
Mirtin  and  Stiles,  1914.  also  found  that  the  threshold  of  the  vasomotor  center  is  rot 
nised,  even  by  large  doses.  The  reflex  depres,sor  6bers  are  rendered  more  :**nsitive 
iXani^y,  191 3),  or  rather,  the  depressor  response  is  more  ncarh'  proportional  to  the 
itnofth  of  the  slimulus,  than  in  normal  animuls  (Martin  and  Stiles,  1914).  Porter, 
my  finds  that  the  response  to  sciatic  and  depressor  Ktimulation  may  be  doubled  whilst 
i!m  Ifvrl  of  blood  pressure  remains  practically  unchanged;  and  interprets  this  as  evi- 
iaxs  that  the  vasotonic  and  vasorcfles  centers  are  distinct  and  independent.  These 
Cfecls  on  the  circulation  pass  off  within  fifteen  minutes,  and  the  circulation  returns  to 
normal,  whilst  the  muscular  p-Tialysis  persists.  They  therefore  do  not  Apn'ously  inler- 
ftrcvith  the  employment  of  the  drug  in  e.Tperimen,ts.  The  mnin  objection  which  may 
btttged  against  the  latter  is,  that  it  does  not  jiroduce  sensory  p;»raly<i*,  wfiil&i  the  ab- 
Kocc  of  struggling,  etc.,  might  cause  the  inexperienced  operator  to  neglect  a  proper 
(OforceDieQt  oTolher  means  of  anesthesia. 

Frrfttsion  ofjrcg's  vessels  slows  vasoconstriction,  which  is  not  modified  by  absence  of 
oldom  (Pearce,  1913). 

The  lymph  hearts  of  frogs  are  arrested  (Benuird). 

Central  Nervous  System. — When  curare  is  applied  directly  to  the  spinal  cord  of 
hup.  it  causes  t.vp"-al  slrythnin  convulsians.  Witii  ordinary  methods  of  adminis  Ira  lion 
Ibaeare  masked  by  [wiralya^  of  the  nerve-endings.  Certain  samples,  however,  cause 
ibycbnin  convtdsions  before  the  typical  curare  action  appears. 

Id  dogs,  the  conN-ulsions  produced  by  injecting  curare  into  the  spinal  canal  or  cere- 
bri ventricles  dificr  from  those  of  atrj-chnin,  being  irregular  and  asymmctricCMcGuigan, 

luBCtlTiQr  by  Gastro-lntestinal  Canal. — The  effects  of  curare  are  obtained  only  if  it 
ii Iniroduced  under  \\\c  skin  or  into  the  circulutinn,  hut  usually  nul  ij  introduced  itilu  {M4 
ilmack,  T^c  exx>enments  on  the  administration  of  curare  by  the  stomach  (mainly 
bj*  Bernard)  have  shown  that: 

I.  It  is  not  destroyed  by  the  gastric  juice,  pancreatic  juice,  or  saliva. 

t.  It  psBses  very  slowly  through  tlic  wuDs  of  the  stomach  when  the  epithelium  has 
txea  kQled,  and  not  at  all  if  the  epithelium  is  still  living.  CIt  will  be  remembered  also 
Uiti  strychnin  is  not  absorbed  by  the  stomach  in  rabbits.) 

J.  It  is  lo  »omc  extent  fixed  or  destroyed  by  the  liver,  for  it  is  much  less  active  when 
Iskrttd  into  the  portal  Lhan  into  the  jugular  vein.  However,  the  discrepancy  between 
U»  gastric  and  hypodermic  dose  persists,  evt-n  when  ihc  liver  is  largeiv  excluded  by 
Eck's  fistula;  so  that  the  liver  destruction  can  not  be  very  Important  (Polimanti,  1914). 
It  is  tbo  destroyed  in  rilro  hy  ox-bjic,  and  by  bacteria. 

lD/rti(i  the  U\-cr  is  ihe  main  agent  in  the  distntoxitation:  ia  normal  animals  50  times 
**  nwch  cursre  is  required  by  mouth  as  hypodermictily;  the  difference  disappears 
oiBplelely  if  the  Kver  is  eidsed;  digestion  of  curare  with  liver  substaoec  destroys  its 
WiH^. 

4-  It  is  very  rapidly  excreted  unchanged  in  the  urine. 

iam-immals  I  he  iruutiviiy  of  curare  by  the  mouth  is  due  partly  to  its  destruction  by 

_Ue  and  bacteria;  but  mainly  to  the  capacity  for  absorption  b^cg  less  than  the  ca- 
for  its  destruction  or  excretion.  If  the  renal  ve^ssets  are  lieil,  poisoning  occurs 
readily  e%-en  when  it  is  taken  by  the  stomach.  If  very  large  doses  are  taken  on  an 
•■pty  stomach,  sufficient  maj'  be  absorbed  to  cau^e  symptoms. 

Use  of  Cnrtre  in  Convulsions. — This  is  still  largciv  experimental  and  not  very 
Iv^iMbiag.    It  iias  been  suggested  to  combat  the  con^-ulsioos  of  strychnin,  tetanus,  and 
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hydrophobia  (E.  Collins,  IQ05).  It  U  certainly  quite  possible  to  suppress  the  spas- 
modic condition  by  sufSdently  iiirgc  doses.  Unfortunalvly,  however,  it  is  impossiblo 
to  secure  this  without  at  the  same  time  paralyzin;;  rapiration.  This  latter  may,  theo 
Tetically,  be  counteracted  by  artificial  respiration,  but  this  prolonged  mampuiaCioD  is 
in  itself  injurious.  On  the  other  hand,  minimal  doses  may  oe  considered  useless,  and. 
indeed,  as  has  b«en  pointed  out,  even  if  the  spasms  cotUd  Be  8Q|^rcssed  without  affect* 
ing  the  rcspirutiun,  this  wuutd  nut  be  au  ideul  treatment  for  strychnin.  In  wcll-cho6ea 
cases,  however,  curare  may  he  the  means  af  saving  life.  Oinvulsions  certainly  tend  to 
heighten  fatigue  and  paralysis  of  the  medullary  centers,  and  if  in  a  case  in  which  the 
degree  of  poisoning  just  exceeded  the  (ellial  limit  by  a  very  little,  a  minimal  amount  of 
curare  were  injected,  this  might,  perhaps,  reduce  the  spasm  sufliciently  10  turn  ihe 
scale,  or  somewhat  larRcr  doses  might  be  given  which  would  require  some,  but  not  very 
much,  artificial  respiration.  This  has  actually  been  done,  and  in  desperate  cases  eurart 
U  worthy  of  a  trial;  but  in  addilJuD  to  the  other  objections  come  the  very  uncertain 
quantitative  effects.  It  would  be  justified  only  to  work  with  tested  samples,  and  these 
are  very  rarely  acccssibfc  when  needed. 

Adminhtration. — The  drug  should  be  given  hypodcnnically,  using  per  kilogram  of 
patient  one-tenth  the  fatal  dose  determined  per  kilogram  of  dog;  and  being  prepared 
for  artiikijil  respiralior  iind  physostigmin.  Cunirin,  if  pure,  would  give  an  exact  sub- 
stance, in  the  dose  of  i  to  13  mg.  hypodcrmically.  The  reliability  of  the  alki' 
however,  open  to  doubt. 
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Thb  and  mcthyl-guaniilin  produce  jieripheral  stimulation  of  striped  muscle  (fibril- 
lary contractions),  then  central  paralysis  and  finally  a  curare  action. 

Guanidin  isimido-urva,  NH  =  C  =  (NHi)t.  It  i&  a  constituent  of  creatin  and  argj- 
nin.     Methylguantdin  occurs  in  urine  and  in  protein  putrefaction. 

The  muscular  twitchings  arc  especially  interesting.  Th^'r  peripheral  origin  was 
shown  by  Gergens  and  Baumann,  1871:1.  They  occut  if  the  isolated  muscle  b  laid  in 
1  :  2000  to  I  :  4000  solution  of  the  chlorid.  In  living  miimals  they  persist  if  the  motor 
nerve  is  divided,  but  fail  when  it  has  degenerated;  so  that  the  action  is  located  in  ana- 
tomic endings.  They  arc  suppressed  by  calcium  or  magnesium  (Fuchner,  1907  and  191 1). 
In  cats,  the  symptoms  rcwmble  chorea  (Furhs,  11)14). 

Other  Substances  Producing  Fibrillary  Twitchings  arc;  Physosligmin,  aconit 
nicDlin,  NaCl,  and  the  iatte.  o(  Ba,  Zti,  Cu,  Ni,  and  Pb. 
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General  Statement. — Epinephrin  (variously  called  Adrcoaliji,  Supra- 
renln  and  nunicruu^  similar  names)  is  the  active  principle  of  the  medulla 
of  the  suprarenal  gland.  Il  is  a  relalively  simple  amin  derivative  of 
calechol,  and  can  be  prepared  synthetically.  It  behaves  as  a  feeble  base 
and  might  be  classed  with  the  alkaloitls.  Its  solutions  are  very  unstable, 
unless  a  preservative  is  added. 

Its  typical  actions  consist  in  a  highly  specific  stimulation  of  the  ph>'sio- 
iogic  endings  (receptive  substance)  of  the  entire  sympathetic  system. 
The  effects  upon  any  given  organ — whether  augmentor)-,  inhibitory,  or 
indifferent — therefore  correspond  with  the  eflfects  of  stimulation  of  its 
sympathetic  innervation.  Very  dilute  concentrations  may  have  opposite 
effects. 

The  most  important  practical  manifestation  of  this  action  consists  in 
a  high  rise  of  blood  pressure,  from  peripheral  stimulation  of  the  vasocon- 
strictor mechanism  of  the  systemic  vessels,  and  of  the  accelerator  mechan- 
ism of  the  heart. 
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Epinephrin  is  used  locally  for  arresting  hemorrhage  and  enhancing  the 
anestJieiic  efiects  of  cocain;  hypodermically  in  bronchial  asthma;  intra- 
itnously,  for  tiding  ihe  patient  over  acute  circulatory  collapse. 

lis  systemic  action  Is  very  brief.  It  ts  enlirely  ineffective  by  oral 
administration;  but  little  eSective  subcutaneously,  and  of  moderate  e£- 
denc>'  intramuscularly. 

(H'erdoses,  intravenously,  kill  by  acute  dilation  of  the  heart. 

HlMariCAL — Efunephrin  is  ulenlicol  with  the  "chromatin  substance"  (giving  a 
pom  color  with  lerric  cblorid,  ami  pink  with  alkalies,  iodin  or  chlorin,  and  Ukin^  up 
Bum  salts;  Henle,  iSb$\,  which  was  discovered  by  \'ulpian,  1856,  in  the  medulla 
lilrenal  bodies,  and  also  in  aasociation  with  sympathetic  cclb  elsewhere.    The 
medulla,  as  shown  by  Balfour,  is  a  direct  outf^owth  at  Ow  sympathetic 
and  consists  at  first  of  neuroblasts.    The  cortex  is  of  mcsoblastic  origin,  and 
contain  epinephrin,  but  choHo,  whose  action  is  essentially  antagonislic  to 
rio  (Lohmann,  1907). 

pm»or  action  or  the  medullary  substance  was  discovered  by  Oliver  and  Schae- 
»5,  and  by  Czybulski  and  Symoaovicz,  1895.    Thh  was  foUowcd  by  many  at- 
lo  separate  the  active  priaciplr.     Tlie  researches  of  v.  Fucrth,  1898,  nnd  par- 
ly those  of  Abel,  paved  the  way  to  its  isolation  in  crj'st.illinc  form,  which  was 
■wcompUsbed  by  Takaminc,  tgoi,  Aldrieh,  1901,  and  Abel,  1903.    Its  structural 

lltotion  was  determined  by  Jowctt,  1904,  and  its  synthcMs  aixompUsbed  by  StoU, 

^04,  Dakin,  1005,  and  FlUchcr,  1908.  An  extensive  scries  of  related  amJns,  with 
Wnifar  Kytnpalhomimetic  actions  has  also  been  prepared  {BarRer  and  Jowett,  1905; 
Buxer  and  i>ale,  iQioJ.  aod  some  of  these,  as  well  as  the  synthetic  epinephrin  itself, 
SR  mrfceted. 

A  good  discussion  of  epinephrin  Is  contained  in  Bargcr's  "  .Simpler  Natural  Bases," 
1514. 

AMiod  Macbt,  191a,  ha\'C  also  found  considerable  e[i!rvephrin  (al<in>;  with  the  digl- 
takid  Bttfagin)  in  the  "parotid  glands"  of  the  Tropical  Toad,  Bufa  .Vgua. 
,  Cnvford  and  Watanabe,  1915,  believe  that  it  (ur  a  similar  substance)  exists  in 
(TOtwy  citracls  and  is  partly  responsible  for  their  pressor  effecl. 

tiifjtts  of  the  rrUo-periioneal  chromc^n  tissue,  of  man  and  mammals,  also  cantiin 
VOepliria  or  a  closely  relaleil  substance,  having  the  lypictd  action  on  intestinal  and 
"'cioc  muscle  (Fulk  and  Macleod,  1916). 

Clumic  Structure. — Epinephrin  isdioxyphenyl  (p^TOcatechin )  clbaaol-metbybuniD, 
jwiiiiJUJ!  —  CHOH  —  CH-  —  NHCH,,  cc>rrt sponging  to  the  empirical 
••Bul*  C»Ili»NOs  (lirst  established  by  Aldrieh,  1902), 


HOv 


HO^ 


CH.OH.CH,J<H.CH, 


.  'tiiicture  is  rather  closely  related  to  that  of  tyrosin;  and  it  may  perhaps  be  derived 
'^  liib  or  similar  amins  in  the  body. 

Attin  of  Isomers. — The  natural  tpincphrin  is  lcvf>rotar>'.  The  sj-nlhetic  base  is 
^*Wi»c.  and  has  been  spLit  into  an  1.  and  d.  component  by  MScher,  1908.  The  1.  com- 
ij^**!!!  fa  identical  wilh  the  natural  buse.  Thcdcxtrorotiiry  lutse  produces  qualitatively 
I  ^^  Woe  actions,  but  has  only  one-twelfth  to  one^ei^hteenth  the  activity;  and  the 
lie  mizturc  therefore  has  about  half  the  activity  of  the  natural  base  I  Loem  and  H. 
'.  1905:  Cushny,  1906  and  1909;  .\bderhaldcn  and  Mueller,  190S;  W.If.  Schultz, 
Fritehlii  h,  njoo.  claims  that  the  d-base  has  a  much  more  persistent  action, 
art  Sympathetic  Substances. — Baigcr  and  l^aJc,  1910,  found  that  the  universal 
P'Pfeil  symp.iil)itic  stimulation  (which  they  aptly  call  'Sym[wilhomimelic  action") 
^_ytwiil£ar  la  epinephrin,  but  is  shared  by  a  large  number  of  primar>'  and  secondary 
^^ihc  simplest  being  the  primar>"  fatty  amins,  such  as  amylamio.  The  calecbol 
fjji*  is  a  rather  iineisential  constituent,  and  Ihe  aclion  of  catechol  itseK  is  not  re- 
"""■^"ithat  of  epinephrin.  Ilowxvcr,  the  intensity  and  spcdfidly  of  action  incrcai-cs 
**smins  apprnaih  ihe  composition  of  epinephrin  itself.  It  h  noteworthy  that  the 
y*  sympathetic  effects,  and  the  augmentory  and  inhibi(«jry  stimulations,  vary 
{yptPdeotly  in  these  various  amins.  Nor  is  there  anv  parallelism  between  insta- 
"•y  and  activity. 
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Sympathomimetic  Action  of  Epinephrin.— The  correspondence  be- 
tween epinephrin  and  sympalheiic  siimulation  was  described  on  page  264; 
the  organs  and  functions  augmented  and  inhibited,  on  pages  264,  365; 
and  the  localization  of  the  effects  in  the  receptive  substance,  on  page  266. 

Effects  on  Circuiation. — Theintravenousinjectionof  epinephrin  into  a 
normal  aniraal,  with  intact  vagi,  produces  the  striking  phenomena  de- 
picted In  Fig.  14.  The  blood  pressure  rises  sharply;  as  it  approaches  its 
maximum,  the  heart  beats  are  greatly  slowed  and  strengthened.  The 
pressure  is  not  sustained,  but  returns  quickly  to  normal.  The  heart  beats 
also  return  to  their  former  rate;  but,  as  may  be  seen  from  the  tracing, 
more  slowly  than  the  pressure. 


Fre 


i.   14. — SupnrcDftl  nn  Blood*pn»ure,  doc.     iH  dropi  por  Ks-  of  tiiooo  epinephrin  intectad 
intravenously  itt  EI.   P.  —  Stood- ]>maunt  in  mm.  of  Rg. 

These  phenomena  are  due  tu  the  interaction  of  three  factors:  vaso- 
constriction, vagus  stimulaliun,  and  stimulation  of  the  cardiac  accelerator 
mechanism. 

The  blood  pressure  may  rise  to  a  very  high  level,  especially  if  the  vagi 
have  been  divided  or  paralyzed.  In  dogs,  it  may  exceed  300  mm.  of 
mercury.  The  extent  of  the  rise  increases  with  the  dose,  but  not  in  simple 
proportion.  The  main  clement  in  the  rise  is  ordinarily  the  intense  \-aso- 
conslriclion;  for  the  volume  of  the  organs  diminishes  as  the  blood  pressure 
rises.  The  cardiac  stimulation,  however,  is  also  an  important  factor,  and 
sometimes  it  is  the  more  important. 

The  cardiac  slowing  is  indirect,  due  mainly  to  stimulation  of  the  vagus 
center  by  the  rise  of  blood  pressure.  The  direct  action  of  epinephna 
would  be  to  quicken  the  heart  rate  by  stimulation  of  the  accelerator  end- 
ings; this  is  the  result  with  small  doses  (Hoskins  and  Lovelette,  IQ14);  or 
in  excised  hearts;  or  if  the  vagi  have  been  divided  or  paralyzed;  or  if  the 
heart  escapes  temporarily  from  the  vagus  control,  as  often  happens. 
With  the  vagi  cut,  epinephrin  stimulates  the  auricular,  and  still  mott 
the  ventricular  efficiency  (Wiggers,  1916), 
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Iffects  with  DiffcrettJ  Methods  of  Administration. — Practically  no  sys- 

iic  effeci  can  be  secured  by  administering  epinephrin  by  mouth,  ant! 

rc^latively  little  by  hypodermic  injection.     This  is  explained  by  the  limila- 

lion  of  absorption  through  vasoconstriction  (for  instance,  frog's  skin, 

wbich  readily  absorbs  most  alkaloids,  but  does  not  absorb  epinephrin, 

Ricder,  loog).     The  slow  absorption  permits  the  destruction  of  the  epi- 

phrin  before  it  reaches  the  circulation.    The  response  is  considerably 

«ater  with  intramuscular  and  peritoneal  injection  (Meltzer  and  Auer, 

^>o5;  Lapponi,  1915);  but  it  is  still  much  less,  though  more  lasting,  than 

vith  intravenous  injection.    Injection  under  pressure  into  the  nasal  sub- 

nucosa  is  almost  equivalent   to  intravenous  injection  (Pilcher,  1914). 

Intraspinal  injection  gives  a  considerable  but  slow  rise  (Aucr  and  Mcltzcr, 

19x3).     None  is  absorbed  through  nerves  (Mcltzcr,  igog). 

In  man,  the  blood  pressure  response  is  also  practically  absent  on  oral 
administration.  Hypodermically,  0.510  1.5  mg-  (j  100  to  J4o  %^-)  gives 
uncertain  results,  usually  a  rise  of  10  to  t2  mm.,  rarely  higher  (to  45  mm.). 
The  same  doses  intramuscularly  give  more  constant  and  higher  rise, 
usually  8  to  25  mm.;  but  sometimes  much  higher,  over  90  mm.,  so  as  to 
produce  alarming  symptoms  (Halsey,  1909). 


Pic.  15.— Rcvivml  o(  LansandorS  hs&rt  by  opinaphrin.     The  Ami  >■  sdd«d  mt  A. 

fieldlliHi  0}  Dosage  to  Rise  of  Blood  Pressurt. — With  fntrrL^'cnous  injection  and  atro- 
piiticd  dogs,  this  is  somewhat  us  follows  (from  tlic  data  uf  Hunt,  1901,  and  others) : 
QdouSmg-  per  kilogram  =  rise  of  5  mm.;  0,000^5  =  7  mm.;  0.0005  =  'S  mm.;  0,0007  = 
MtDn.;  0,0017  ™    *5  mm,;  0.004  =  45  mm.;  0,006  ■»  66  mm.;  0,03  =  150  mm. 

hflaoiM  of  Dosage  on  Ae  G«nera]  Effects. — TWi-^L'tt.s  of  intravenmis  injection 
nry  with  the  dose.  The  rcsulu  of  incrcasinR  doses  may  be  tabulated  as  follows 
iJUf^y,  ]<>oi): 

(d)  Rise  f>f  blood  pressure. 

(1)  Inhibition  of  litudder,  mydriasis. 

{{)  Contracrion  of  uterus,  vas  deferens,  and  seminal  ve&Edcs;  salivation  and  1athr>'- 
Wion;  inhibition  of  slomuch  and  gall-bluddcr;  iucn-oscd  bile  secretion;  InhibiliOD  or 
■iwiLitjoD  of  internal  anal  sphincter. 

(/}  Contraction  of  crectores  pilonim. 

(')  I'nvrrtain  effect  <m  tunica  dario<i  and  on  sweat. 

Cvdiac  Stimulation. — The  perfusion  of  epinephrin  through  the  excised 
ununaUaD  heart  (Hcdbom,  Cleghorn,  Gottlieb,  Borattau),  or  its  perfu- 
sim  or  direct  application  to  a  frog's  or  turtle's  heart  (Lussana,  1913), 
qmckens  the  rate,  and  increases  the  amplitude  of  the  contraction.  The 
lone  is  very  markedly  increased,  often  doubled.  The  oxygen  metabolism 
<i  the  heart  is  increased  in  proportion  to  its  activity  and  rate  (Barcrof  t 
»i»d  Dixon,  1907;  Rohde  and  Ogawa,  1912;  Evans  and  Ogawa,  1914). 
Costing  irregularities  are  removed,  and  the  effects  of  muscular  depressants 
*rt  connteracted  (aconite,  MacNider;  strychnin,  Januschke,  1910;  phenol, 
*^ywil  and  chloroform,  Gunn,  1913,  1915;  potassium,  etc.).  A  heart 
■tdch  has  ceased  to  beat  may  often  be  revived  by  this  drug  (Fig.  15). 
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The  fact  that  cpmephrin  may  start  a  lii-urt  many  hours  after  excision,  or  when  it  hu 
b^n  depressed  by  chlond,  goes  to  show  that  the  heart  may  contract  indepcndeotly  of 
ganglia;  for  the  cpincphrin  at:tion  is  pretty  certainly  not  ganglionic  (Gunn,  191 5). 

The  cardiac  accfleraiion  i&  not  due  to  vaj^s  puinilyMS,  for  it  occurs  after  atrnpiD,  and 
also  in  isolated  strips  of  the  cat's  ventricle  (Leetham,  toijj,  orafter  the  auriculo-veo- 
tricular  bundle  is  cut.  In  complete  hearl-ifhfb,  it  quickens  and  strcngtheus  the  \-cn- 
tricles  and  auricles  (van  Kgmoml,  191J).  From  analogy,  it  may  be  oMumed  that  the 
action  13  exerted  on  the  recepiivc  substanci;  connected  with  the  accelerator  mechanism. 

Infiuencf  >}J  Heai. — With  the  isolated  (roR  heart,  the  amplitude  is  but  little  affected 
by  cpincphrin  between  8  jiud  i3°C.,  but  increases  from  13  to  33".  The  rate  is  decreased 
between  8  and  18";  fairly  constant  between  iS  and  a8%  and  rapidly  decreased  between 
38  to  30"  (Sprinccanu,  1915). 

E§cci  of  Serum  and  lotss.—Thtse  have  cooiiderable  influence  on  the  response  of  the 
frog  hciirt  lo  epinephrin.  The  stimulant  effects  of  epinephrin  and  serum  are  synergis- 
tic (poti^ntialion,  Moog,  1914);  whilst  in  the  absence  of  caldum,  epiaephrin  piroduces 
dcpfL-ssion  and  diastolic  arre^it  (Burridgc,  1914). 

/m  birds,  the  cardiac  effects  of  epinephrin,  pitiiitrin  and  barium  differ  considerably 
from  the  mammals  (Palon  and  Watson,  1913). 

Use  in  Cardiac  Failure. — The  cardiac  stimulant  effects  of  epinephrin 
have  been  utilized  in  therapeutics  to  counteract  acute  cardiac  failure  in 
asphyxia,  etc.  It  would  be  useless  against  persistent  cardiac  weakness, 
since  its  action  ts  too  fleeting,  and  can  be  obtained  efifectively  only  by 
intravasciilar  injection. 

Resuicilation  of  the  arrested  heart  is  most  effectively  accomplished  by  injecting 
ei^nenhrin  into  the  pericardial  sac  (Gunn  and  Martin,  1915);  or  more  conveniently 
into  toe  cardiac  L>nd  of  the  carutid  artery,  flushing  it  toward  the  heart  by  a  stream  of 
warm  saline  suUition,  and  at  the  same  time  [wrfurming  cardiac  massage  and  arutH'ial 
respiration.  The  chances  of  succc^  diminish  rapidly  with  the  lapse  of  time  after 
cardiac  arrest;  and  after  fifteen  to  thirty  minutes,  inlracaxdiac  clotting  sets  an  end  lo 
all  hope. 

Cardiac  Dltation.^ln  using  epineplirin  for  cardiac  stimulation,  the 
dose — or  rather  the  rapidity  of  injection — must  be  carefully  controlled  by 
the  state  of  the  heart.  Overdoses  of  epinephrin  kill  by  cardiac  dilation, 
with  pulmonar}'  edema.  The  tendency  to  this  increases  with  cardiac 
weakness.  It  m.-iy  sometimes  be  relieved  by  artificial  respiration  (Kmer- 
son,  1907).  Patients  with  cardiac  disease  generally  react  to  i  mg.  hj-po- 
dermically,  by  extrasystoles  (1).  Roth,  1914).  Fatalities  have  occurred, 
especially  in  cardiac  disease,  from  0.4  mg.  hypodcrmically  (Fridcricia, 


In  pi>isani»g  by  tcrdiac  drprrxsanis  If  J.,  chloroform,  phenol  or  cafTein) 
venous  injection  of  e 


the  intrfc* 
'  epinephrin  will  iL-mpurarily  restore  blooil  pressure,  and  this  may  give 
the  heart  a  chance  tr>  recover.  I3ut  if  the  blood  pressure  is  raised  much  above  the  nor- 
mal, the  heart  may  stop  suddenly,  and  usually  irrecoverably;  and  this  may  occur  from 
doses  of  epinephrin  which  would  be  quite  safe  in  healthy  individuals  (phenol,  Sollmann; 
chluraform,  Levy  and  Lewis,  xoia;  Nobel  and  Kothbcraer,  1914). 

Epinephrin  im  II fart  Rate  cf  Intacl  Aninmls. — Epinephrin  tends  to  have  a  twofold 
action  on  the  heart  rate:  acceleration  through  direct  cardiac  stimulation;  and  sloo 
throuKh  reflex  vagus  stimulation.     When  the  vagi  arc  intact  and  in  go«xi  lone,  or 
nary  dows  of  epinephrin  invariably  slow  the  rate  (Meek  and  Eyster,  1915).     When  lh« 
vagus  tone  is  low,  quickening  may  result  (Hoskins  and  Lovelette). 

Vanus  Effects. — The  v-i^a  slinndation  is  purely  central,  since  no  slowing  occurs 
when  the  vagi  are  cut.  It  13  due  mainly  to  the  rise  of  pressure,  for  it  is  absent  if  the 
pressure  is  Vcpt  from  rising  by  hemorrhage,  or  by  paralyung  the  vaMtraotor  endings. 
However,  there  is  some  evidence  that  the  va^tis  center  is  also  stimulated  direcUy 
(Biedl  and  Reiner,  1S9H;  Wrworn,  1903).  This  liconfirmoj  by  the  ilowing  which  may 
occur  when  epinephrin  is  perfused  through  the  medullary  centers  (E.  D.  Itrown,  1916). 

The  degree  of  slowing  varies  much  in  diftercrl  individuals,  but  it  always  tends  to 
lessen  the  rise  of  pressure,  and  this  mounts  much  higher  if  the  vagi  arc  cut. 

A  ietondary  increast  of  Iht  puhe  rate  is  sometimes  seen,  and  is  attributed  to  ccnt2Bl_ 
and  peripheral  stimulation  of  the  accelerator  ner^-cs  (Neujean,  190^). 
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The  Vasoconstriction. — Epinephrin  is  the  most  powerful  vasocon- 

stric  ting  drug  tnown.     It  can  be  readily  shown  that  this  is  the  main  factor 

in  the  rise  of  blood  pressure,  for  the  organ  volume  and  the  outflow  of 

blood  from  veins  arc  diminished.     The  site  of  action  is  entirely  peripheral, 

(or  the  rise  occurs  if  the  centra!  nervous  system  has  been  destroyed;  the 

perfusion  flow  through  excised  organs  is  slowed  or  arrested  (Bier,  1897); 

iod  even  rings  of  excised  artery  contract  if  placed  in  epinephrin  solutions 

{\.   B.  Meyer,  T907).     The  vasomotor  center  is  not  usually  affected 

directly:  but  it  may  respond  indirectly,  generally  by  constriction  to  the 

mcreased  pressure;  occasionally  by  dilation,  when  the  increased  blood 

supply  relieves  a  preexisting  asph\^ial  stimulation  (Pilcher  and  SoIImann, 

1115I.     (Occasionally,  there  arc  doubtful  indications  of  direct  stimulation 

of  die  vasomotor  center;  E.  D.  Brown,  1916). 

The  constriction  is  most  conspicuous  in  the  smaller  arterioles;    but 

even  large  arteries  (v.  Frey,  1905)  and  veins  participate.    The  maximum 

constriction  occurs  in  the  splanchnic  vessels,  especially  the  kidneys;  and 

^  the  \-esseIs  supplying  the  voluntary  muscles  and  mucous  membranes. 

The  constrictor  action  Ls  weak  in  the  coronary,  cerebral  and  pulmonary 

''esseU;  and  in  the  intact  animal  these  vessels  arc  passively  dilated  by  the 

displacement  of  blood  from  the  more  powerfully  coiislrittcd  areas.     Epi- 

•tphjin  therefore  would  be  harmful  in  cerebral  ur  pulmonary  hemorrhage. 

The  arterial  muscle  remains  stimulated,  in  the  susceptible  vessels,  as 

**0g  as  effective  concentrations  of  epinephrin  are  present.     Even  very 

^g€  dosej  of  epinephrin  (7,000  times  the  effective  quantity)  do  not  para- 

»'>**«  the  vasomotor  mechanism. 
Dilator  Action  of  Epinephrin. — This  is  the  predominant  response  of 
ctrtiin  vessels  (Cow),  but  may  also  occur  in  others  under  special  condi- 
tions, c^>ecially  with  very  dilute  concentrations;  late  in  the  course  of 
pcrfoaons;  and  particularly  when  the  vascular  tone  is  already  high. 

Ilrodie  and  Dixon  often  observed  ibat  the  vessels  were  dilated  by  epinephrin.  In 
"le  I/eshly  eaciscil  kidney,  suprarenal  causes  a  powerful  conslricLion;  but  some  time 
^t«r  Qic  exdaoD.  it  dilates  the  vcsscU  (Sollmann,  1905).  The  same  phenomenon  was 
^''•wvetl  ta  the  postmorlem  perfusion  of  the  dog's  leg.  In  the  car  of  the  U\'infc  rabhil, 
^^  constriction  u  also  followed  by  dilation  (Alcllzer  and  Aiicr,  1904).  The  vessels 
f*f  the  df-iuruiUd  titr  dilate  with  doses  that  are  constrictor  for  the  normal  ear  (Knge- 

***«\i9i3)- 

liKawa.  1913,  found  that  when  wry  dilule  solutions  arc  perfused  continuously 
^^^avi;h  kidneys  or  legs,  the  constriction  is  eventually  replaced  by  dilation;  increasing 
y^  cuatrntrjiioD  agiain  produced  consiriclitin.  Int<-Htinal  vessels  dilated  directly 
^^^cn  ihr  soluiioD  was  suQiciently  dilute,  whilst  in  kidney  vessels  the  preliminar>- 
^**<Wrkiion  was  relatively  prolonged.  Ritaxtd  vc4sdi  showed  n  greater  tendency  to 
^^^ortriction  than  those  with  good  tone. 

^^  CMDon  and  L>'maD,  1913,  find  that  in  living  animals,  small  duscs  will  either  raise 
g***  V)«rr  the  l>lood  pressure,  accordinf^  to  its  jirevious  level;  and  adduce  evidence  that  the 
~****rim  is  due  to  a  direct  dilator  action  on  cnn?trictcd  arterial  muscle.  The  fall  occurs 
^? t«r crgntoxin.  The  dilator  reaction  is  conlmcd  m.ilnly  to  the  peripheral  vessels,  for 
■1)0 of  r-'"--'"-"  ^<-li{ch  occurs  with  norm.d  cats  (0.002  mR.)  occurs aJso  if  the  ^planch* 
>  '.  but  is  replaced  byariieif  the  splanchnic  vessels  are  iatACt  and  Uu 

w  :  I  trunks  lig.iled  (Hartmann,  lot,;).     He  therefore  supposes  that 

it'jf  ucrves  exist  in  the  peripheral  vessels,  but  not  in  the  splanchnics.    The 
*(i>r  rraction  fails  tf  the  vesseu  are  already  relaxed,  as  by  hemorrtiage  or  depressor 
**— htitm.    However,  Swetschiiilco0,  1914,  on  isolated  rabbit's  car,  obMrvcd  the  same 
^^Moios.  wbelhri  the  pressure  was  high  ur  low. 

^_hcmae  of  Umperalure  diminished  the  contractor  response,  and  at  41°  to  45"C., 
^**bm1  into  dilation.  Frog's  vrssetiAanol  show  dilation  w-ilh  dilute  solutions,  nor  with 
***>**«  of  temperature,  but  otily  in  the  absence  of  calcium  or  after  degeneration  of  the 
■■*0\IV«ice.  191JJ. 
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UAKUAL  OF   PHARMACOLOGY 


Effect  on  Venous  Pressure. — Capps,  191 1  and  1013,  fmind  in  aninuds  ibat  tba  '» 
not  allerwi  by  sm;ill  dn^us;  it  rises  with  large  doses  wuich  embarrass  the  hetn. 

Direct  Effect  on  Veins. — (lunn  and  Chavasse,  i£ji3,  sliowcil  on  excised  veins  th*t 
these  ajsu  react  by  constriction,  although  this  does  not  apply  to  all  vdos  (Cravford  and 
TwomWy.  1013)-  Segments  ol  tlic  superior  vena  cava,  near  the  heart,  enter  into 
rhythmic  pulsations. 

Portal  Vessels.— These  are  murk^y  constricted  on  perfusion,  in  mammals  and 
frog<i  (Fterczin,  1914),  as  also  in  intact  aaimali  (Burtan-0pit2,  1Q13).  The  res|x>nse  is 
much  greater  than  that  to  electric  stimulation  of  the  nerves  (Macleod  and  Pcarcc,  i9i4>. 

Edmunds,  1915,  confirmed  the  cunslrirtor  eOect  on  excised  portal  vein;  but  allri- 
bules  the  chatiRes  In  living  animaU  to  changes  in  the  general  venous  and  catdia': 
pressure,  since  the  volume  changes  of  the  liver  \iiry  in  dilferent  animals  and  with  other 
CDn(litinn<^. 

Antagonistic  Flienomena.— The  cpincphrin  constriction  Is  prevented  by  dnia 
whiih  |i,iral;y/-c  the  recrfitive  substance,  namdy  a|X)fodein  (Brodie  and  Dixon,  1904), 
and  crgotoxin  (Dale,  1905;  Sollmanu  and  Brown,  1903).  Mutual  antagonism  exists 
with  caficin  (SoUmann  and  Pilcber,  iQti)  and  nith  nitrites.  The  presAor  cfiect  of 
o.oo;5  mg.  of  qiincplmn  is  ncutralued  by  o.(i  mg.  uf  nitroglycerin  (Cameron, 
1906}. 

Differences  in  Special  Vessels. — T^ere  is  no  question  as  to  tlie  typical  response  of 
the  vessels  which  react  strongly  to  cpincphrin;  but  there  is  some  dinerence  of  opinion 
as  to  whether  the  cerebral,  pulmonary  and  con>nar>*  vessels  respond  by  slight  constric- 
tion, dilation,  or  not  al  all.  In  intact  animals  they  are  certainly  dilated,  but  this  might 
be,  and  in  the  main  is,  passive.  The  question  can  be  solved  only  on  excised  organs  and 
on  excised  arterial  rings  by  the  mclhoii  of  A.  B.  Meyer.  The  literature  is  reviewed  by 
Barbour,  tQi3.  The  histologic  structure  docs  not  afiect  the  qualitative  icsponK 
(Barbour,  1913), 

The  CoronoiT  Vessels. — Arterial  rings  respond  by  dilatlcm  in  most  mammals,  but 
by  constriction  in  man  and  monkeys  (Barbour,  1913;  Barbour  and  Prince,  1915;  Park 
.and  Jane  way,  1012;  aiul  others).  Perfusion  of  the  arrested  heart  may  cause  atber  dila- 
tion (Ktliott,  1005)  or  weak  constriction  (Wiggcrs,  1909). 

In  tbe  beatmg  heart,  the  coronary  flow  is  certainly  increased  in  moAt  species  of  ani- 
mals (excised  hearts,  Wiggers;  Kabe.  1913;  Markwaldcr  and  Starling,  191^;  Morawitz 
and  Zahn,  1914;  not  in  munkeys,  Barbour  and  Prince.  1915)  on  account  of  the  pumping 
action  of  the  contracting  cardiac  musdc.  In  the  intact  animal,  this  occurs  even  if  ihc 
blood  pressure  b  kent  level  by  hemorrhage  (F.  Meyer,  1913);  and  the  increase  would 
still  greater,  if  the  hlood  pressure,  and  therefore  the  coronary  pressure  are  allowed 
rise  (Bond,  191 1).  The  heart-muscle  would  therefore  be  better  nouri&hed  and 
better  able  to  work  against  the  high  resistance.  A  vjtsoconslrictor  effect  on  the  ct 
nary  vessels  can  be  discerned  in  the  exci-sed  heart  only  with  doses  which  axe  too 
to  atlcct  the  cardiac  muscle  {Brodie  and  CuUis,  1911)- 

Iq  the  monkey,  however,  and  therefore  presumably  in  man,  the  conditions  are  dif- 
ferent. All  doses  sluw  the  coronary  flow  of  the  excised  monkey  heart,  whether  this  b 
beating  or  resting  (Bartmur  and  Prince,  1915). 

Pulmonary  Vessels.^Thcse  show  a  weak  vasoconstriction  (Plumier,  1904;  Wimcn, 
looy;  flumit-r  iind  Clermont,  191 1;  Tribe,  igiz).  According  to  Tribe,  negative  effects 
(Brodie  and  Dixon,  1904;  Burton-Opttz,  1907;  Hegcr  and  PhtlUp^on.  19(2;  Baehr  and 
Pick,  1913)  are  attributable  to  the  dilator  effect  of  the  chloretone  in  certain  commercial 
solutions.  (*c>w,  191 1,  and  Barbour,  191 3,  found  that  the  reaction  of  arterial  rings  varied 
according  to  their  situation;  the  intravisceral  portion  of  the  artery  did  not  react;  the 
extravit^cral  portion  was  constricted. 

Macbt,  191 1,  describes  powerftJ  constriction;  Berczin,  1914,  no  action  or  dilation. 

/»  ittta^t  iinitHiih,  the  weak  pulmonary  vasoconstriction  is  overcome  mechanically 
by  the  rise  in  aortic  and  intraventricular  pressure,  so  that  the  pulmonar>'  N'osels  are 
passively  dilated  (Cloetta  and  Andcrc-i,  1914;  .\ndercs  and  rUwIta,  1916);  and  the  vxA' 
ume  of  the  lung  increases  (.\nderes,  1915).  Pulmona^  hemorrhage  is  theref^ 
creased  by  cpincphrin  (li.  Frey,  1909;  Wigger?,  1909).  The  pressure  in  the  pi 
arteries  rises  greatly  (Wood,  Jr.,  1911),  especially  when  cardiac  dilation  sets  in(l 
and  Neppcr.  iQii)*  This  results  in  pulmonary  fdema.  The  circuUtion  time  10 
lungs  b  quickened  by  small,  increased  by  large  doses  (Langlois  and  Dcabouis,  1913). 

The  Cerebral  Vessels. — ^'Wi^gers,  1907  and  1914,  found  corwitriction;  Berrzin,  1916, 
obMrvcd  cnnsirictinn,  but  rcquirinf;  higher  concentration  than  for  peripheral  x-esseUj 
Dixon  and  Ualliburlon  claim  uilatinn.     Cow  obscr\'ed  slight  relaxation  of  arterial 
Here,  ngain,  there  is  undoubtedly  passive  dilation  in  the  intact  animal  (Biedt  and  R 
1905:  N'eujean,  1905).    The  vesscU  of  the  pia  and  retina  are  constricted  (Hirschfck 
101  s)- 
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Tfct  Renal  Vessels  and  Urine  Flow.— The  renal  vessels  appear  to  be  capedalJy  «cn- 
U>  cpincphrin,  bcin^  conslric ttxl  by  (l<»cs  which  are  tou  small  to  afiect  the  general 
preuurci  am)   with  nnlinary  dosc^,  ibu  renal  conslriclion  ouUasIs  the  pressure 

.  I.  Jonescu,  i^oS).  Thb  rtsulti  in  anuria.  It  is  chimed,  howcs-er,  ihat  ver>'  large 
dMci  dihte  the  rvnol  vessels  and  thus  iacrcoM:  the  urine  flow  (Bardicr  and  Frecnket, 
i^;  Hougbtan  und  Merrill,  1908).  Freshly  exciiietl  kidneys  certainly  do  not  show  any 
<iiUtiaa  (Mlgger^,  1907),  until  the  ner^-c  endings  arc  lulled  by  exposure  (Sollmann, 
WSJ.  Hypodermic  injections  o(  epinephrin  Into  rabbits  (1.5  lo  3.$  nig.  per  kilogram) 
(VDdiKB  a  strong  diuresis.,  la-sting  several  hours  (Uilberfeld,  1907).  This  is  independent 
of  the  {lycoturia  fKon^chegg,  191?;  Cnuncnilzki,  iQii). 

Cow,  igi4,  tin»b  3  direct  vascular  connection  between  the  suprarenal  medulla  and 
iht  lidney*.  TTirough  this,  ej>inephrin  could  reach  the  kidneys  directly,  ^nd  thus  dlnun- 
^the  urine  flow,  without  its  existing  in  discoverable  quantity  in  Uic  general  blood 

^inephriB  as  a  Local  Hemostatic. — The  powerful  vasoconstriction 
fnakei  epinephrin  a  most  effective  iigcnt  for  arresting  capillary  hemorrhage 
in  iny  situation  to  which  it  can  be  appHed  locally;  especially  in  nasal  and 
Itfjm^l  operations.  Solutions  of  1:15.000  to  1:1,000  are  used  for 
liiB  purpose.  The  dilutions  must  be  freshly  prepared,  ance  they  lose 
Ukv  activity  in  a  few  hours.  The  action  persists  as  long  as  the  spineph- 
ra  is  present;  but  when  this  has  disappeared,  there  is  often  secondary 
MDorthii^e. 

Bemorrhoids. — Epinephrin  may  be  used  in  suppositories;  i  mg. 
'HoP")  of  -hp  alkaloid  in  i  Gm.  of  Theobroma  oil. 

Use  oa  Inflamed  Mucosee. — Epinephrin  gives  symptomatic  relief  lo 
infiatnc'l  surfaces,  by  contracting  the  dbated  vessels.  It  is  thus  used  in 
aUrrhal  conditions,  e.g.,  in  conjunctivitis,  and  especially  in  hay  fever.  It 
i^besi  applied  in  oily  solution  or  ointments,  containing  Ko  per  "nt.  of 
lie  Ittt  alkaloid;  oil  prolongs  the  action.  Epinephrin  is  non-irritant, 
''« inaction  is  too  brief  and  it  is  claimed  that  its  continued  use  has  caused 
diTooic  turgescencc  of  the  mucous  membrane  (Potts,  1906;  J.  N.  HaU, 

VHieo  apptied  to  the  uarified  skin,  epinephrin  produces  an  area  of  blanching  and 
'Vt"  flesh  (Sollmann  and  Pilcher,  191(1). 

hhatile  Farafylia. — Meltzer,  1916,  ur^ea  the  intradural  injection  of  epinephrin,  to 
■RW  uu)  cause  the  absorption  of  the  spinal  edema,  especially  when  the  respiratory 
"»*«  h  threatened.  He  .idvises  2  c.c.  of  i :  tooo  solution,  cver>-  4  to  6  hours.  The 
wpatice  hai  been  tried  on  cxperimcntaJ  poliomyelitis,  with  benclicial  but  not  curative 
■™*»'P.  F.  Clark,  iijii).  Clinical  trials  by  Frascr,  1914,  have  so  far  given  equivocal 
■*^  but  they  were  confined  to  advanced  cases. 

Mirie,  1915,  claims  that  epinephrin  neutralizes  the  anlitoxitis  of  tetanus  and  diph- 
iha^  n  riin.  but  not  in  the  presence  of  hemoglobin.  It  has  been  tried  against  tumors^ 
h>(  viitioat  certain  benefit.  Engel,  191Z,  claims  marked  eliects  on  rat  tumors,  not 
t^nij  csplainable  by  Ischemia. 

Cocain-epinephnn  Anesthesia. — The  addition  of  epinephrin,  in  the 
UMtti  concenrralion,  eniiance^>  the  anesthetic  action  and  lessens  the  tox- 
icity of  cocain  (Braun),  by  delaying  its  systemic  absorption,  by  the  anes- 
Uietic  effect  of  anemia,  and  seemingly  by  a  direct  synergistic  action. 

biHf|lBi&  and  Cocain  Synergism. — It  ts  claimed  by  Each,  1910,  that  the  cocain 
OMSlMwa  is  intensified  by  epinephrin  even  when  the  local  circulation  has  been  pre- 
«|pMly  completely  arrested.  Kpmcphrin  .iJonc  ha»  no  anesthetic  action  under  tnese 
KBttdlliaas.  It  muft  therefore  faciliute  the  penetration  of  the  cocain,  or  otherwive 
■Miftiac  ibe  Dcr\'e  iiber.  A  umilar  sensitization  occurs  for  Novocaia  and  Alypin,  but 
■oC  tar  Trapocain. 

Caa*enely,  ctcain  sentitise)  to  rpinr^itrin,  so  that  the  mydriasis,  vasoconstriction, 
tic^  Sfc  OMte  pTDnounced;  and  this  with  doAcs  of  cocain  which  alone  have  no  sensible 
cflan  (FrOUicfc  and  Loewt;  v.  Fifiche),  1915). 
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Epinephrin  on  Absorption. — Mrltzcr  and  Auer,  1904,  cUlm  thai  intravenous  Id* 
jcctiom  rclard  ubs^rptiuti  and  traiuudation.  Van  Lier,  1907,  showed  that  the  stMorp- 
tion  of  sotlium  todid  is  markedly  rcUrdcd,  ualcis  very  hypertonic  (30  per  ccnL) 
solutions  arc  injected.  The  local  effect  on  intcsUnal  absorption  is  inconstant  for  lodid, 
but  more  matked  on  plien«j]  ;ind  especially  alcohol  (lljiiulik,  19x0,  1912,  1913). 

In  non-corrosive  poisoning  (cyanid,  stryclinin,  aconite,  etc.)  Jona,  1913.  suggests 
the  administration  of  epincplinn  by  mouth  (lo  to  15  c.c.  of  i  :  1,000)  to  retard  absoifK 
tion.     This  would  need  to  be  supplemented  by  evactiution  and  chemic  antidotes. 

The  Effects  of  Epinephrin  in  Internal  Hemorrhage.^— Epinephrin  is 
practically  useless  in  internal  iiemorrhage;  for  although  it  constricts  the 
vessels  when  it  is  injected  intravenously,  it.  also  raises  the  blood  prcsAurc. 
The  end  result  would  not  be  reliable,  and  often  harmful;  esijccially  in 
pulmonary  hemorrhage  (I^'iey,  1909;  Wiggcrs,  1909)  and  in  cerebral 
hemorrhages. 

In  tnirslinal  lififnirrfiiigr,  the  results  ai  WigKCrs,  ipog,  were  somewhat  more  pitwoi*- 
ing:  After  a  momentary'  increase,  the  hemorrhage  vras  reduced,  and  this  effect  outlaited 
tlic  rise  of  pressure. 

Epinephrin  in  Circulatory  Collapse. — The  epinephrin  constriction  is 
able  to  restore  the  blond  pressure  in  all  forms  of  vasomotor  depression; 
hut  its  action  is  too  fleeting  to  make  it  of  much  tise  in  any  but  purdy 
temporary  emergencies.  If  it  is  used,  it  must  be  injected  intravenously, 
drop  by  drop,  carefully  watching  the  heart.  The  dangers  are  probably 
greater  than  the  benefits. 

Epinephrin  Atheroma, — If  rabbits  receive  frequently  repealed  injections  of  larg* 
doses  of  epinephrin,  atheromatous  changes  and  calcareoiis  patches  arc  often  obscr^'cd 
in  the  aorta  (josui,  1903)  and  other  large  vessels  (d'-\mato,  1905).  These  (kgenera- 
tions  arc  never  seen  in  dogs  (Pcarcc  and  Stanton,  190(1),  or  in  monkeN-s,  and  prcsumaWy 
not  in  man.     Dors  also  rive  ncKal've  results  with  nitolln,  lead,  i>r  toxins  (Adler,  1914). 

Identical  lesions  often  occur  spontaneously  in  rabbits  which  haw  nev-er  received 
epinephrin  (Miles,  I907,  Bcnnetc,  190S,  IliII,  igio,  etc.).  The  frequency  of  these 
spontaneous  lesions  varies  in  diHercnt  scries  from  t  tojopcrcent.;  butthcyaresomark- 
edly  more  frequent  afLer  epinephrin  treatment,  tnut  this  must  at  least  exaggerate  tbe 
tendency  to  the  degeneration  (1.  Lenn  and  Larkin,  1910).  Success  depenas  on  jre> 
(juent  rcptulion  of  the  epinephrin  rather  than  on  the  siw  of  the  dose  (Fleisher,  1900). 

The  miury  has  been  attributed  to  hifih  blood  pres?!ure,  and  to  direct  Icridty  by 
epinephrin.  .  The  older  experiments  undertaken  to  decide  between  these  %'iews  (sum- 
marized by  I.  Adler,  igoS),  did  not  t-dke  account  of  the  s(>t*ntAneous  occurrence  of 
tbe  k-sions  IM.  K.  Meyers,  1909;  M.  C.  Hill,  191 :)  and  the  quc^ition  can  not  be  conad- 
cred  settled.  The  toxic  iheury  seems  the  more  probable;  although  Dixon.  1913,  stiB 
states  that  all  pressor  agencies,  when  repeatedly  applied,  produce  degenerations  of  tbe 
middle  coat.  It  is  highly  doubtful  whether  these  athcromasof  rabbits  baveany  relation 
to  human  atheroma. 

Atheroma  is  also  produced  by  feeding  cholesterin,  cottonseed  oil,  the  nldeh\ties  o( 
fatty  acids,  hydrochloric  add  and  by  poracresol  (Adler,  1914;  Dcnncy  and  Frothing* 
hiim,  iQi.)). 

Epinephrin  Myocarditis. — Rabbits  also  often  nihow  a  chronic  m>'0~,  endo-,  and  peri- 
carditis,  alter  reiJcatcd  epinephrin  injections.  This  lesion — which  is  apparently  in- 
dependent of  the  utbcroma — is  much  more  frequent  (6o  per  cent.)  if  a  single  intravenous 
injerlion  of  epinephrin  [a.i  mg.)  is  combined  uith  spartein  (i3  mg.),  caflcin  (35  mg.J, 
or  strophanthin  (these  drugs  never  cause  the  lesion  if  they  arc  used  without  theepincpb- 
rin).  The  changes  in  the  heart-muscle  start  at  once,  progress  for  some  seven  day«, 
persist  about  six  weeks,  and  then  retrogress  completely  by  sixteen  weeks  (Fleisher 
.and    Leu  Lueb,   1909;  Stricklvr  and  Fleisher,  1910;  Christian  and  Walker,  1911). 

Fleisher  and  Locb,  1910,  attribute  the  lesions  to  "excessive  mechanical  airato," 
from  excessive  contraction  of  the  muscle  tibcTs:  For  the  lesions  are  situated  mainly 
Fit  the  base  of  the  left  ventricle,  where  the  strain  is  greatest;  the  changes  are  analogous 
lo  those  iihown  by  striated  muscle  subjected  to  overexertion;  and  the  lesions  do  not  ap- 
pear in  the  relatively  stronger  and  more  reustA&t  hearts  of  doga.  U.  A.  Stci 
1913,  prcicn  a  toxic  theory. 
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Hesrlx  which  fhow  the  microscopic  changes  are  ph>-JLioIogicji]ly  Inferior  to  Ih«  nor- 
oul;  tbcy  are  teas  able  to  coi>c  with  extra  demands;  and  the  animats  appear  more  di^ 
posed  to  edemas  (uranium)  and  to  bacterial  infections. 

Bronchial  Muscle  and  Use  in  Asthma. — The  bronchi  are  relaxed, 
•Specially  when  sp.-LsmutJically  cotilractfd,  by  stimulation  of  llie  sym- 
paihclic  bronchodilalor  endings.  Epincphrin  is  therefore  often  very 
effective  tn  astkma  (i  c.c,  1:1,000  hypodermically,  Kaplan,  1905;  Mal- 
Iheirs,  1910;  Hoover  and  Taylor,  1915;  v.  Jagic,  igi6). 

^TV  bronchodilatalion  has  beeo  confirmed  in  intact  animals  by  Joauschke  and 
'vUk.  tgii.  and  others;  on  excised  lung  by  Baehr  and  Pick,  1913;  on  excised  tracheal 
"uadc  by  Trendelenburg.  i<>t3;  on  esciAeu  bn^ncbial  muscle  by  Titone,  1913.  GoUa 
**d  Symes,  igij.  hnd  differences  between  the  bronchial  and  tracheal  muscle,  and 
''^ni  Ihat  normal  bronchioles  are  constricled  by  cpiiiL-phrin,  and  that  it  dilates  only 
*n<n  the  bronchioles  arc  spasmodically  contracted  by  pilocan'in.  etc. 

Xopiratioo. — This  changes  with  the  blood  pressure  (Nice,  Rock  and  Courtright* 
'0>4).  It  becomes  deeper  hut  irregular  during  the  rise  of  blood  pre^Mire,  and  is  gencr- 
*^y  arrested  at  its  height  iLaogloia  and  Garrclon,  1910).  In  man.  i  mg.  hy[>CKlcrmic- 
uly  b  said  (Fuchs  and  Rolh,  1913)  to  increase  the  respiraliun  vulume  by  8  to  94,  mean 
5q  per  cent.:  the  rate  being  unchanged  or  also  increased.  The  effects  on  the  perfiued 
'"•spiralory  renter  ure  variable  (E.  D,  Brown.  1916). 

Ihrect  Central  Actions. — Lumbar  injection  of  epincphrin  may  cause  muscular 
^***m  and  tremor.  Injcctiim  under  the  dura  or  into  the  substance  of  the  cerebrum 
("■^■hduces  an  appartatly  natural  steep,  lasting  two  to  five  hours,  with  rc^lar  respiration 
**ti  reflexes,  and  fall  of  temperature  (Bass,  1914).  Bass  does  not  beUcvc  that  these 
effects  Can  be  explained  by  va.*ocon5triction. 

latrmtracheal  Injection. — Aucr  and  Gates,  1916,  found  that  the  injection  of  epLDcphrin 
^■^lo  Uw  lower  trachea  produces  a  prompt  rise  of  blood  pressure;  presumably  by  itnpira* 
^on  and  absorption  from  the  alvcoU.  If  me  vagi  have  been  divided,  fatal  pulmonar>- 
^*lcin«  often  follows.     This  may  be  prevented  by  atropin. 

Action  on  PupiL — Epincphrin  has  a  mydriatic  effect.  This  occurs 
readily  in  frogs;  but  only  tinder  specially  favorable  conditions  in  tnammals. 

Comdilians  for  tie  Octurrtnce  of  Epinephrin  \t\druisis  in  Xtammah. — This  may  be 
PVtKurod  by  lantc  doses  tolravcaously.  With  local  application,  the  mydriatic  effect 
<x&af  be  obtained  if  the  oculomotor  tune  is  tow  (weak  illumination,  W.  H.  Schultz,  1908); 
U  (be  absoqition  ii  tusteocd  (conjunctintis,  U.  Straub,  1910);  or  if  the  excitability 
*»4  the  symiialhclic  is  increased. 

Such  an  increase  is  supposed  to  occur  ia  Basedow's  disease  and  in  pancreatic  insuffi- 
^**ty,  O.  Locwi,  1907  and  1908,  accordingly  uroposed  a  mydriatic  response  to 
^^uephrin  as  a  diagno&iic  sign  io  these  diseases  (witn  certain  limitations).  Later  work, 
■****tver,  showed  that  the  increased  mydriatic  reaction  occurs  in  alt  types  of  hypergly- 
*^^«»i;  aad  that  it  can  (hcfefore  be  prevented  in  pancreniectoraized  dogs  by  fowering 
'-**«  biood-sugar  through  phlorhJzin  (A.  Locwy  and  Rosenberg,  1914,). 

The  mydriatic  nspon^  la  e^iinephrin  is  also  obtained  a  few  days  after  cxdsion  of 
^^*  tqperior  ccrN-ical  ganglion  (Mettzer  and  Auer.  1904;  Joseph,  1913;  Githcns  and 
*Jdt«*,  1916),  or  after  removal  of  the  ciliarj*  gani^lion  (Joseph,  1915).  This  may  like- 
^tt  be  attributed  to  increased  excitability  of  the  s^-rapathetic  distribution,  accompany- 
r**8lhfde«enenilivech.tngei  which  follow  the  excision  (H.  Siroub,  1910).  An  analogous 
^^*Rae  of  excitability  in  degenerating  structures  to  epincphrin  occurs  in  the  ear  vessels 
^■ythaet  and  Auer,  1903),  and  in  other  organs  (Elliot,  1905);  also  in  skeletal  muscle  on 
'■•ffikialinn  of  the  sciatic  nerve  (Langley,  1905;  Edmund?,  and  Rtilh,  iijog}. 

G  X,  Stewart,  Kogoff  and  Gibson,  1916,  bnd  the  mydriatic  responses  of  the  dener- 
^*W  pupil  Ihe  most  Mnaitive  and  reliable  lest  for  the  discharge  of  cpioepbrin;/.i.  on 
****iihition  ol  the  pcrinhcr.1l  end  of  the  diWdcd  splanchnic  nerves. 
^Kabbits  respond  wuh  mydriasis  more  readily  than  other  mammals.     Epinephrin 
*"*"nAuei  the  excise*!  sphincter  of  the  iris  (Joseph,  1915). 

l^catiaatiom  <•/  AcJion. — Lcwandowsky,  1&98,  showed  that  the  mydriatic  effect 
^^'Wi  after  deseoerstion  of  the  sympathetic,  so  that  the  action  mufit  be  peripheral 
^thetatSnp  {Le.,  on  the  receptive  substance). 

.    Ofcw  Endencrj  vf  Ocular  Sympailtrik  SlimuUtiim, — 'Hie  mydriasis  is  luromparietl 
■■" '~  -'  ''^'  "^'.protrusion  of  the  eyeball,  and  witlulrawal  of  the  nictitating 
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Intraocular  Tension. ^Accordins  to  Rupert,  1909,  this  h  first  lowered,  then  incrasad*.. 

Mydriatic  Reaction  in  frogs. — ^Frogs  are  especially  susorplible  tu  the  mydvUft' 
action;  and  this  may  be  produced  by  s>'attmic  appliiation  (1  c.c,  1 ;  100,000  into  lymph 
Mc)  as  well  OS  in  the  enucleated  eye  (1:5,000;  McLtzer  and  Aucr,  1004;  Mcltzcr,  1909). 
The  dilation  is  prompt  and  prrsUtent,  submnKiinal,  indifTerent  to  liKhl. 

Action  on  the  Uterus.— The  ctTccts  correspond  to  stimulation  of  the  h>'pogutiic 
npr>'K  {sc«  page  J?o);  'n  pregnant  cats  it  produces  contraction;  in  non-pregnant  cat* 
relaxation  (Cuahny,  Kehrer,  Uale];  in  dogs,  contraction  followetl  by  rdajcatioD;  in 
rabbits,  increased  tonus  (Blugi,  1905).  Surviving  human  uterus  is  stimulated  (Ruel^- 
samcn  and  Kligermann,  191 2),  whether  pregnant  or  not  (Lieb,  1915).  The  FaU<q>Un 
lubes  are  also  5limulatL-d  lo  contraction  (Guan,  1914). 

Epmephrin  could  be  used  locally  to  arrest  postpartum  hemnrrbage;  not  intravenously, 
since  the  incrca-«.H  blood  prewiure  would  increase  the  bleeding. 

Action  on  Intestiiies. — Peristalsis  is  inhibited  and  the  tone  relaxed  by  on  action  00 
ths  myiinetirfLl  junction  (see  page  3;6).  Very  dilute  solutions  increase  the  coot/actioca 
(Hoskins.  1913). 

Gall-bladder. — This  is  relaxed  (Llth  and  McWhorter.  1915). 
'     Excised  Ureter. — I^pincphrin  (1:500,000)  increases  the  rate  and  tone,  or  starts  the 
cuntniclion<i.     The  elTcct  h  revenged  by  crgotoxin  (Macht,  igi6). 

Effect  on  Secretions. — F.pincphrln  may  pro\'oke  Kecrelion  of  the  Balivar>-  and 
lachrymal  glands  (Langicy,  1901J;  and  of  the  skin  glands  of  frogs  (Khrmann,  1905). 
These  would  not  be  supprejwed  by  atropin.  The  increased  secretion  of  the  submaxillaiy 
glands  is  accompanied  ay  increased  blood  flow  (-Solem  and  Lonunen,  1915).  in  most 
glands,  however,  Fecretion  Is  diminished  or  arrested  Ilirough  the  vasconstriction. 
This  is  notably  the  case  with  pancreatic  secretion  (Bcncdiccnti,  1906;  Edmunds,  1909). 

Sweat. — This  i^  increased  in  animals  (Muto,  1916.  He  finds  that  the  sweat  glanoS 
arc  innervated  by  both  the  sympathetic  and  paras>'mpathctic.  The  S)'mpatbctic  pre* 
duminates  in  horse  and  sheep;  wbcrcaa  man,  cattle  and  cats  are  more  suojccl  to  the 
para.iym  pathetic), 

Cerebro-spinal  Fluid, — The  secretion  is  not  affected,  the  pressure  varying  merely 
with  the  blw»d-pre>&ure  changes  (Dixon  and  Halliburton,  1915). 

Skeletal  Muscle. — ULiver  and  Schacfer,  1S95,  found  that  the  gastrocnemius,  excbcd 
iiflt-r  liyiKidcrmic  injection  of  suprarenal,  shows  increjised  elTjciency  and  some  veratrtn 
acliim.  Cannon  und  Nice.  J91J,  explain  thi^  by  the  improved  circulation.  This  is 
only  a  partial  explanation,  for  Gruber,  1914,  obscr\*ed  that  cpinephrin  injection  could 
cause  some  imurovenient  in  the  excitability  in  fatigued  cats  (to  direct  or  nvrve  stimu- 
lation}  even  when  there  was  no  rise  of  blood-pressure.  Splanchnic  stimulation,  with 
the  suprarcnals  ligatcd,  causes  some  improvement,  but  not  as  much.  However, 
Kuno,  1915,  did  not  observe  any  effect  on  the  contraction  of  frog's  skeletal  muade, 
even  in  concentration  of  6;  100,000.  Excision  of  the  suprarenal  glands  produces  great 
muscular  weaknes'i  (.\1banese,  I]^|2). 

A'me  truakt  are  not  affected.  The  pigmtni  cdis  in  the  frog's  skin  are  cootractcd 
into  spheres  (Lieben,  190(1}, 

Epinephrin'Glycosiiria. — Large  doses  of  cpinepKrin  (much  beyond  the 
therapeutic)  produce  hv-perglyccmia  and  glycosuria  by  convening  the 
hepatic  glycogen  inlo  sugar.  The  effect  is  analogous  to  asphyxial  gly- 
cosuria, diabetic  puncture,  or  stimulation  of  the  hepatic,  splanchnic  or 
F-ensory  nerves;  aU  acting  probably  on  s>'Tnpathet!c  nerves  controlling 
the  glycogenic  functions.  The  presence  of  epinephrin  seems  necessary 
for  the  production  of  glycosuria  by  nerve  stimulation.  The  continued 
administration  oi  cpinephrin  to  rabbits  abolishes  the  glycosuria,  but  the 
h>'perglyccmia  persists  (PoHak,  iQii),  In  man.  epinephrin  does  not 
produce  glycosuria,  but  increases  the  sensitiveness  to  alimentary  glyco- 
suria (Landau,  1914). 


The  occurrence  of  glycosuria  after  hypodermic  inicction  of  targe  doses  of  cpinephrin 
vas  discovered  by  F.  Blum,  1901.  Intravenous  ann  intramuscular  adminisualiun  ue 
less  effective,  even  if  larger  doses  are  used  (I'ollak,  1909;  Underbill,  1911).  The 
phenomenon  was  investigated  by  Herler  and  Wakctnan,  190?,  Noel  Palon,-  1903,  and 
many  later  observers,  The  glycosuric  action  of  other  sympcthomimdic  drugs  is  described 
by  Morita,  1915. 
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Ueckanism  of  Ike  Glycosuria. — The  ^ycosuria  is  generally  proportiooal  to  the 
ll]rpu^yteiiua  (Gramenit^kt,  191  j}.  It  is  not  asphyxia!.  The  hyperglycemia  occurs 
n«B  lifter  exciskm  of  the  kidacys  (VCuclzcr,  1901;  Mcuger,  1902},  showing  that  it  !& 
Mtlraal. 

That  is  conclusive  evidence  that  the  glycosuria  is  due  to  inrrcaicd  glycog.enoiysis 
intUiUfr.  The  degree  of  hyperglycemia  and  glycosuria  depends  upon  the  glycogen 
ooUU  of  the  animal;  ihey  are  more  intense  in  wcU-fcd  aoimaU  (Vorburf-h  and 
^'i'^inl^.  1903)1  or  in  animals  rich  in  glycogen;  snd  conversely  there  is  no  glycosuria 
nuiiuts  whose  glycogen  huii  been  completely  rrmovei]  by  phlorhizin;  und  an  existing 
pUorhizu  glycosuria  is  not  increafvcd  by  epinephrin  (Kinger,  igio).  Hence,  also,  the 
q^Hjihrin  glycwuria  fails  after  rei>e«teu  injections,  as  tin;  glycojjcn  becomes  exhausted, 
mglyccmia  persiftts  somewhAt  longer  than  the  glycosuria  (Pollak,  1909)  presumably 
Ixauc  the  peaneahility  of  the  kidney  is  nomewhat  diminished  1iy  vasoconstriction. 
Idudien,  iQiJ,  alio  believes  (hat  repeated  injections  lessen  the  permeability.  In 
djageoTree  animals,  epinephrin  causes  deposition  of  glycogen  in  the  liver,  but  not  in 
UeBiacle,  (Pollak). 

The  c\-ideRce  for  the  hepatic  origin  of  the  sugar  is  also  convincing.  The  blood  of 
titkepotic  vein  contains  more  sugar  than  that  of  the  portal;  sugar  formation  is  ittcreased 
npcifuvion  of  ihc  excised  liver,  and  conversely,  there  is  no  g[>xosuria  when  the  funC' 
tioiisoflhe  liver  have  been  injured  by  phosphorus  CL.  Frank  and  Isaac,  ifjir).  Wilenko, 
itHlidaimsthat  epinephrin  incrcasetl  llicciinsumption  of  glucose  in  the  perfused  heart; 
iBa  bdicves  that  Ihc  glycosuria  is  due  to  some  indirect  disturbance  of  the  consump- 
tifln  of  sugar.  This  conclusion  would  require  more  experimental  evidence.  Lusk, 
1414,  finds  that  it  does  not  infiuence  the  oxidation  of  ingested  glucose,  nor  protein 
m. 

Efiittpimm  Xeetssary  for  SpianehnU  and  Puncture  Glycosuria. — ^In  support  of  this 
*fe«.  Macleod.  Pearce  and  Chnstie,  191 1  and  191 7,  found  that  stimulation  of  the  left 
^liuchflic  ncr\*e  (which  furnishes  the  nerve  supply  uf  both  adreniilsj  Kalin  and  Ni^hi. 
tgofi)  does  not  produce  hyperglycemia,  if  the  left  suprarenal  gland  has  been  excised; 
niaoCDCding  to  A.  Mayer,  diabetic  puncture  i*.  iiielTeclivc  after  removal  of  the  glands. 
^Wmo^a  glycosuria  is  also  prevented  (MicuUcich,  191 3}.  However,  these  measures 
^M  ut  simply  by  incrcssing  the  secretion  of  epinephrin,  for  the  glvcosuric  response 
laiplaKbnlc  stiinuutioa  is  also  pte\'ented  by  section  of  the  hepatic  plexus,  which  does 
WMttTOl  epinephrin  glycosuria  (Maclcod  and  Pearce,  191  a). 

rmaildim  of  VastKonslrictinn  and  Clycojuria. — The  results  of  Straub,  1909,  and 
Wttnuin,  1909,  shnw  that  both  effects  are  strictly  parallel,  arnl  proportional  to  the 
itt  of  injection  (intravenous).  Smaller  doses  suffice  for  the  glycosuria  than  arc  re> 
Vnd  for  the  rise  of  blood  pressure  (GramenJtzk!,  tgr;);  and  Ransom  believes  that 
jyoMT  and  glycosuric  action  arc  connected  with  dilTcrcnt  groups  in  the  molecule. 
w^ it  supported  by  the  observation,  thiit  with  partial  oxidation  of  epinephrin,  the 
9jo»iitk  action  11  lost  first  (Mc(iuigan  .ind  Mostrom,  1913). 

tat&ftring  FatUjrs. — Epinephrin  glyri>suria  is  prevented  by  ergotoxin  (Loewi) 
J^kb  leMtDS  the  hyperglycemia  and  also  the  permeability  of  the  kidney  for  sugar 
Wnot  for  chlorid;  Miculicich,  191a).  It  is  also  prevented  by  nicotin  (Hirayama, 
|9Ji);l>y  lymphagogues  (peptone,  hirudin;  Mlculicich);  and  by  repeated  hemorrhage 
'■■•ko,  1912).  Urclhane  increases  the  activity  (Undcrhill.  1911). 
^Epbephnn  glycosuria,  is  suppressed  by  aniipyrctics  (Starkenslcin).  Since  the 
JVp^nemia  is  not  diminished,  the  action  of  the  aatipyTetics  must  be  on  renal 
^'>*BDili|y  (Mansfw-ltl  and  Furies^:,  1915). 

Ctualability  of  Blood. — This  b  increased  by  intraneritoncal  injection,  simul- 
jj*wlv  with  (he  liyperglyceoua  (Vorburgh  and  RJcnards,  1913).  Cannon  and 
**faiaall,  1914,  found  that  the  intravenous  injection  of  small  doses  (0.00J  mg.  pec 
™**a)  hastens  coagulation,  and  that  larger  doses  (0.05  mg.)  retard  it.  Howell, 
fH-eocaders  the  dday  due  to  dccrcaseii  piothrumbin,  analogous  to  hemophilia. 
^Wycythemla. —  Intravenous  epinephrin  injection  raises  the  blood-count,  by  dimin- 
^'iJClkc  volume  of  plasma  (l^amson  and  Keith,  luio]. 

J  Jfawlytic  Actioa. — Epinephrin  ii  strongly  heniolyric  for  beef-blood  and  to  a  less 
""Ck  for  other  animalt.  It  also  produces  mcthemoglobin.  Serum  weakens  the  action 
'K^kiaiwl  Tanaka,  1913  and  1913). 

Rett  Recuiatiofl. — Excision  of  the  suprarenala  lowers  temperature  (Hultgrcn  and 
wr  A-hibt  the  injection  of  epinephrin  (and  other  internal  secretions) 

^^-  round  and  Marchand,  igi.j).     Hirsch,  1913.  found,  presumably  under 

"fawn  cowhtions.  that  the  injection  of  epinephrin  or  pancreas  lowers  temperature  by 
wtuug  beat  production.     Cloelta  and  Wa.scr,  1915,  describe  rise  of  brain  tcmpcra- 
IWcuk)  cooling  of  skin,  with  o.:  mg.  in  rabbits,  intravenously.     Intracerebral  injec- 
tiamctot  similarly.     The  rise  was  not  prevented  by  ergoloxtn. 
L    Ar«cni  MetaboUsnu — Epinephrin,  by  vein  or  hypodermically,  has  little  or  no 
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Tafluence  on  the  nitroKCii  excretion  (Rraus  and  Hirsch;  Quest,  1908;  Lu&k.  1914). 
in  dcigs,  larRc  doses,  hj'poderRiically,  increase  the  excretion  of  uric  acidaade&pecUUyof 
alianloin  tl-alta,  iyi4). 

InteireUtiaa  with  Other  Intenul  StKretioiUL — The  epinephrin  glyca<^uria  i&  net 
rtiated  io  pancreatic  glycosuria.  The  ability  to  use  sugar  is  not  impaired;  the  ures- 
ammoniura  rittio  is  not  altered  (Underhill  and  Closson,  loofi},  even  on  intraperttoDcsl 
injection  (Ro»enbIoom  and  Weinberger,  igis);  nor  arc  there  any  acetone-bodies  in  the 
urine.  Neither  is  Ibcrc  uriy  other  good  cvidcnC'U  fur  the  theory  of  Eppingtrr,  t'alta  and 
Rudinger,  igog,  that  cpincphrin  inhibits  the  internal  secretion  of  the  pancreas.  The 
observation  of  Zuelzer,  that  injection  0}  pancreas  abollihcs  the  cpincphrin  glycosuria, 
can  be  cxplaitK-d  simply  by  irritation  (presumably  reflex  siiiism  of  the  renal  vcsM:b);for 
the  &atne  resulta  follow  the  intraperitoneal  injcclion  of  the  simplest  irrituDtST  such  as 
turpentine  (Kucrth  and  Schwartz,  1Q11).  Removal  of  the  pancreas  has  no  definite 
effect  on  vasomotor  irrilabilit^;  nor  is  there  any  other  good  evidence  that  the  pancreu 
unrmftlly  exerts  a  depressing  influence  on  the  sympathetic  system  (Hoskins  and  GiuiD* 
ing,  1916). 

Removal  of  the  adrenals  results  in  changes  of  the  pancreas;  but  these  are  attributable 
to  the  low  blood  pressure  and  other  adynamic  phcoomcDa  (Mann  and  Drips,  191 5). 

Tkyraidfciomy,  also,  has  no  influence  on  the  giycosuria.  Some  of  Ihe  appareot 
results  can  he  explained  by  the  natural  %-ariatiorL^  in  the  intensity  of  the  glycosuria, 
which  occur  even  in  the  same  animal  under  apparently  identical  conditions  (Uoderhill, 
191 1).  Piiuilrin  does  not  increase,  hut  rather  diminishes  the  cpincphrin  hj'perglycemia 
(Stcnstrocm,  1914). 

Suprarenal,  Thyroid  ami  Depressor  StimuUUttm. — Asher  and  Flack,  1010  and  1911, 
have  shown  that  there  is  a  true  interrelation  between  thyroid  and  cpincphrin  as  regards 
the  blood  pressure  action;  so  that  increase  of  thyroid  secretion,  provoked  by  stimula- 
tion of  the  superior  bar>''ngcal  nerve,  scivsitizes  the  b!ood  vessels  to  the  epinephrin  rise, 
as  well  as  to  the  fall  on  depressor  stimulation.  (."Kflcr  the  thyroids  have  been  excised, 
the  superior  l.irjTtdeal  does  not  have  these  effer is,  showing  that  it  must  act  through  the 
lh>Toids.)  Injection  of  thyroid  extract,  but  not  of  iodothyrin,  has  a  similar  effect. 
(It  does  not  increase  the  epinophrin  content  of  the  adrenal  vein;  Oley  and  QuinquADd. 
1913.)     The  pupilio-dilator  response  is  not  sensitized  bv  thyroid. 

Conversely,  cpincphrin  stimulates  the  thyroid,  producing  an  action  current.  This 
occurs  whether  the  epinephrin  is  injected  directly,  or  libcmted  by  splanchnic  >timula< 
tion  (Cannon  and  Cattcll,  1916). 

By  the  (unreliable)  inteslioe  (est,  less  epinephrin  appears  to  be  present  in  the  lupra- 
renal  vein  during  central  dtpressor  slimulation,  independently  of  alteration  of  the  bfimd 
flow  through  the  gland  (Richards  and  Wood,  1915). 

Epinephrin  diminishes  or  abolishes  the  response  to  depressor  stimulation  (Oliver  and 
Schacfer,  and  others),  and  indeed  to  all  kinds  of  vasomotor  stimulation,  prcsKir  or 
depressor;  electric,  nicotin,  etc.;  and  this  independently  o(  the  level  of  blood  pressure 
(Hoskins,  1915).  This  depression  of  vasomotor  irritability  occurs  more  slowly  than  the 
oirert  pressor  effect  of  epinephrin;  so  tliat,  if  both  measures  areslarled  simultaneously, 
the  results  are  strictly  additive;  but  i(  epinephrin  is  started  tirsl,  the  addition  is  impcrfecL 
Curiously,  a  similar  diminished  reaction  to  nicotin  occurs  in  from  one  to  eight  days  alter 
the  ezcifjan  of  one-half  to  seven-tenths  of  the  adrenal  tissue  (Hoskins,  1915). 

Sensitizatjan  to  Pituitary. —  Kepinow,  1913,  claimed  that  doses  of  pituitary  which 
are  themselves  inactive,  increase  the  vasocobslrictor  eilect  of  epinephrin.  Rvschhieter, 
1913,  and  Hoskins,  1915,  were  unable  to  confirm  this,  finding  only  simple  summatioo. 

Boerner.  1915,  found  some  increase,  but  attributes  this  to  more  prolonged  sojourn 
of  the  epinephrin  in  the  circulation,  due  to  cardiac  depression;  for  the  "poientiatloD" 
occurred  only  in  rabbits,  in  which  pituitary  depressed  the  heart;  and  not  in  cau.  in 
vbicb  depression  is  absent.  A  simtlur  "potentiation"  was  produced  by  other  cardiac 
depressants.,  histamin.  nicotin,  etc. 

Toxic  Actions.— Kxccssivc  doses  of  efMnephrin  produce  vomiting,  exdtement, 
debility,  bloody  diarrhea,  hematuria,  ascending  centnd  paralysis,  great  fall  of  tem- 
perature, occasionally  convulsions,  complete  prostration,  and  death  by  respiratory 
(cat)  or  cardiac  (dog)  paralysis.  Ihc  jatal  dfic  varies  cuiisiderahly  (usually  0.1  to  0.6 
mg.  per  kilogram  intravcnou.<!ly,  or  3.5  to  10  rag,  per  kilogram  hypmdcrmically),  but  s 
about  500  times  the  therapeutic  dose,  A  noticeable  rise  of  blood  pressure  can  be  seen 
after  MflAo  of  the  fatal  dose.  The  clintcal  side  actitms  are  described  by  Seifert, 
Nebenwirk,  1915.  page  234. 

Guattin  is  said  to  lessen  the  toxicity  and  glycosuria  (Desgres  and  I>orleatts,  1913). 

The  toxic  effects  are  the  result  of  the  peripheral  actions:  for  as  Cushny,  1909.  has 
pointed  out,  the  ratio  of  activity  of  the  different  isomers  is  the  same  for  the  toxic  as  for 
the  blood -pressure  effects. 
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Cause  of  the  Brief  Action  of  Epinephrin. — When  epinephrin  is  injected 
blravenously,  the  effects  are  of  very  short  duration,  disappearing  within 
ikw  minutes  after  the  injection  ceases  (Fig.  14).  This  goes  parallel  with 
tbe  disappearance  of  epinephrin  from  the  blood,  and  is  due  to  the  rapid 
dtstmction  of  the  substance.  Epinephrin  is  readily  oxidized  and  thus 
nodered  inactive.  The  oxidation  occurs  presumably  in  all  tissues,  includ- 
ing the  blood,  but  with  very  different  velocity.  The  blood  vessels  and 
liver  probably  have  the  largest  share. 

On  thfe  other  hand,  the  vessels  continue  to  respond  practically  unl- 
fonnly  and  indefinitely  to  whatever  epinephrin  may  be  present  in  the 
Wood.  Its  effects  may  therefore  be  repeated  by  repeating  the  intrar 
1W00S  mjeclion.  and  they  may  be  rendered  continuous  by  continuous 
infusion.  A  uniform  infusion  will  maintain  a  uniform  moderate  rise  of 
Wood  pressure  for  a  considerable  time. 

Penasteoce  of  Actios  if  the  Conceatration  of  Epineplmn  is  Maintained. — In  excised 
UJMj's,  Uie  pcrfu!«iim  flow  may  be  arrested  for  a  long  time,  <ioiT]etmics  for  hours,  by  a 
iM|)c  injection  of  epinephrin.  This  illustrates  that  epinephrin  is  not  destroyed  (at 
wt  ii  the  absence  of  oxygen)  in  the  tissue  (blood  vessels)  on  which  it  exerts  it.s  main 
■tioa.  It  also  shows  that  the  stimulation  can  be  conlinucil  indefinitely,  and  thai  it 
*•»  Mt  pve  way  to  "fatigue,"  or  to  depression,  no  matter  how  much  epinephrin  is 

Tloscorrcspondi exactly  to  what  t5ob»er\'ed  in  the  living  nnimak:  Repealed  injeeiitms 
(4  (k  ume  doM,  on  the  same  animal,  give  qu-inlitalivfly  the  same  pressor  effect 
lB*)f»c,  1905),  for  at  least  30  successive  injections  (Krclschincr,  1507).  SufTicient  time 
■UHibpue  Detwrcn  injections  for  the  circulation  to  return  to  norDiBl;  otherwise,  there 
■fl  bt  nperpositioii. 

Cnbduncr  also  found  that  if  the  injrftian  he  made  coniinttoiu,  the  prc^nurc  rise  is 
MMtriatd  uniformly  so  long  as  the  rate  of  injection  Is  uniform.  The  hloorf-pre*sure 
■^(tKi  OS  the  rate  of  injection  is  increased,  from  the  minimal  rlTective  dose  until  a 
■BuiMitm  h  attained.  In  rabbits,  this  occurs  when  the  rate  of  injtxtion  correspimds 
lu*U)ato,oi  mg.  per  kilogram  per  minute.  Up  to  this  point,  the  destruction  must 
I  ^*POri>  with  the  injection;  else  the  rise  would  be  progressive.  Further  injection  pro- 
!  Witts  Bo  further  riw,  but.  when  the  injection  is  arrested,  the  return  to  normal  is  inverse 
I"  tlir  nic  at  which  the  epinephrin  has  been  introduced,  since  it  wilt  take  a  longer  lime 
(B4atni)<  the  eicewivc  epinephrin. 

,  rW  Vniformily  oj  Hcsfoitse  is  not  VnlimUed:  Frochlich  and  Pick,  191 ;,  found  that  if 
■tuloBfs  arc  given  in  rnnid  succrsMiin,  the  rise  becomes  !es*  prnnouncrd  and  finally 
<fwapem,  although  the  blood  pressure  may  remain  normal.  'Ihis  is  perhaps  due  to 
iMilcntd  dislribuli'-m  of  the  blood;  for  Frochlich,  mio,  found  that  a  fiiinle  dose  of 
r^^otpiirin,  n-hlfh  has  a  much  more  prolonged  action,  may  abolish  the  response  to 
•ratar,-  l-epinephrin. 

,   fftiufkHn  li  not  an  Antigen:    Xo  antibody  is  produced,  even  if  the  (hj'podermic) 

•"Jwoos  are  continued  over  three  months  (KUiott  and  I>urham,  1906);  nor  is  there 

l^kdiitiutKta  {PoTlak,  iQio).     Halpem,  igij,  claims  that  intraperitoneal  injections 

■■primuil  extracts  (not  of  epinephrin)  loads  to  the  production  of  a  dilator  substance. 

Dm  Bmbtd  ta  ITormal  Pressure  Coincides  with  tho  Disappearance  of  theEpmepb- 

••fam  tba  Blood. — The  direct  invest! nation  of  this  question  >-icldcd  contradictory 

*«laiB  the  hands  of  the  earlier  investigators  (WcLss  and  Harris,  1904),  who  worked 

j4  ttetbod*  which  at  present  would  not  be  considered  adequate  for  the  purpose. 

'«  rtccnt  work  (De  Vos  and-Kochmann.ioos;  I).  K.  Jackson,  iQoo;  Trendelenburg, 

;  '*m)i&ows  that  the  disappearance  of  epinephrin  from  the  blood  goes  perfectly  parallel 

•^  tie  return  of  the  blood  pressure. 

Tkt  Difiipfxarancc  of  Epinrpkrin  is  not  Due  to  Bxcrclien. — Fiicrth  found  that  the 

■'"tMoiaias  at  mo5t  traces,  even  after  large  injections;  and  the  pressor  effect  disap- 

,  I**  *vto  when  access  to  the  eTcretor>-  organs  is  excluded  by  clamping  the  aorta 

Ly^Aian,  1909).     T)it>  etfM-riinent  also  shows  that  the  \iftccral  organs  arc  not  necessary 

[■"tkedestraction  of  cpim-jihrin. 

Arttldtl  Dectructkni  of  Epinephrin. — Epinephrin  'a  readily  oxidized,  especially  in 
^aod  alkaline  solutions  (B.  Moore,  1895),  with  complete  loss  of  activity.  Through 
MJdo-group,  it  is  also  promptly  inactivated  by  formuldehyd  (Cramer,  1911). 
'4dai  oxidalion  due^  not  destroy  all  the  activities  at  the  same  rate  (McCiuigan 
'UoilnmL  iffij)-     Blood  in  vitro  has  a  curiously  slow  destructive cfifect.  so  that  the 
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activity  is  preserved  fur  many  hoatt  (OUvc-r  and  Schacfcr.  iSgs;  Emden  and 
Fuertb^  190.fl;  indeed,  small  quantities  of  serum  retard  the  destruction  materially 
(SchwctschnikoH,  1915).  The  oxidation  proceeds  much  faster  in  the  presence  of 
blood  %'rs^cl3  (Tatiim,  igii).  Cerebro-spioal  6uid  destroys  epinephnn  much  more 
rapidly  than  does  scrum  (Mcltzcr,  1911). 

Destruction  in  Tissues.— CiuffriTli,  1907,  found  that  when  epiaephrin  was  perfused 
through  the  liver,  it  was  rapidly  destroyed;  more  kIowIv  ia  sJcektal  muscle;  not  appre> 
ciably  in  tlic  kidney,  luni;  nnd  brain.  The  destruction  is  tlicrefore  a  special  \ital 
function  of  the  liver.  This  explains  the  vastly  more  hthtin^  effects  of  epinephrin 
when  it  docs  not  cotnc  Into  contact  with  the  liver,  as  in  pcriuiuon  of  the  excised  kidney. 
It  alsi>  explains  the  observation  of  Melu.cr  that  epinephrin  retains  its  activity  for  ie\'eral 
hours  when  it  is  contined  in  the  tissues  by  a  ligature.  Kretschmcr,  1907.  found  that  the 
destruction  is  hastened  (i.e.,  the  action  h  shortened)  by  Itasciuug  the  alkalinity  of  the 
blood  by  the  injection  of  adds;  and  vice  versa. 

Physiologic  Functions  of  Epinephrin.^The  slriking  actions  of  epi- 
nephrin invite  lite  tlieory  that  it  plays  an  important  r61c  as  a  hormone  for 
maintaining  the  tone  of  the  sympathetic  system,  particularly  the  blo«>d 
pressure;  and  that  it  is  concerned  in  pathologic  conditions  of  the  sympa- 
thetic system,  Basedow's  disease,  diabetes,  arterial  hypertension,  ilc. 
These  views  seemed  supported  by  the  apparent  presence  of  epinephrin  in 
the  blood.  Subsequently,  however,  it  was  shoft-n  that  the  tests  were 
misleading,  and  that  normally,  not  enough  epinephrin  passes  into  the  blood 
to  e.vert  any  effect  on  blood  pressure,  or  even  on  the  much  more  sensitive 
intestine.  There  is  some  evidence  that  its  secretion  may  be  increased  by 
stimulating  the  sympathetic  nerve  supply  of  the  adrenal  glands  (/.c., 
through  stress,  fear  and  other  emotions),  so  as  to  obtain  effects  on  some 
of  the  more  sensitive  functions,  but  not  sufficiently  to  influence  the  blood 
pressure.  F-ven  under  these  most  favorable  conditions,  the  response  is  so 
small  that  it  may  be  doubted  whether  it  has  much  phv-siologic  significance; 
nor  has  the  causation  of  any  pathologic  condition  been  definitely  connected 
with  altered  epinephrin  content  of  the  blood.  It  U  possible,  but  scarcely 
probable,  that  epinephrin  is  merely  a  waste  product,  temporai^ly  stored 
and  perhaps  destroyed  in  Ihe  adrenal  glands.' 

Cbemic  Control  of  Body  FuocUona. — The  organism  of  animals  as  well  as  plants  pr> 
duces  as  direct  or  by-productii  of  its  activities,  chcmic  substances  of  decided  pharms- 
Colo^C  actions.  Some  of  these  are  probably  wa^te  products^  but  otlicrs  Mrrve  to  tego- 
latc  important  functions.  In  this  way,  the  body  is  under  the  constant  influence  of 
"drug  therapy,''  and  the  correction  of  faulty  functi»jns  by  "drugs'*  is  nut  ii.n  artificial 
but  a  natural  process  of  the  body.  A  striking  instance  of  &uch  regulation  is  the  carbao 
dioxid  {IJayliss  and  StarlinR.  1906),  with  its  controlling  effect  on  the  retipiratory  and 
vasomotor  centers,  etc.;  and  there  are  numerous  other  instances  of  the  imporlaoce  of 
the  "hormones"  of  iuternal  secretion,  such  as  the  regulation  of  the  pancreaUc  secrctton 
by  secretin;  Oie  chemlc  control  of  the  sexual  functions  (Starting,  Uarvo'  Lccturei, 
1908). 

Absence  of  Epinephrin  from  the  normal  Blood. — Trendelenburg,  191 1,  found  that: 
blood  has  a  cuu^tricting  cUcct  on  perfusing  the  vessels  of  a  frog,  and  believed  that  Thil" 
demonstrated  the  presence  of  epinephrin.     Changes  in  this  reaction  were  described  " 
various  diseases  CHroclcius  and  Trendeleaburg,  igii;  also  by  A.  Frsenkd,  1900.  u> 
the  uterus  as  test  object).     However,  G.  N.  Stewart,  1911,  O'Connor,  1911.  and  J 
way  and  Park,  tgis,  showed  that  Ike  constrictor  subsla«f^-  of  teruiti  is  not  epinefbr^--^ 
(or  it  fails  to  give  the  inhibitory  reactions  (/.i.,  on  the  intesiincs).     It  Is  not  «y»— 
pathomimetic,  Dut  stimulates  all  srauoth  muscles,  pmbably  directly.    It  is  formed  naal^* 
in  the  proce&s  of  clotting  (O'Connor,  191a)  and  iacrcasca  with  the  age  of  the  senu^ 
(Handovsky  and  Pick.  191 2). 

With  decisive  methods,  no  epinephrin  has  been  demonstrated  tn  the  serum,  even  tl» 
pathological  conditions  (Slcwart,  1912),  or  when  the  Wood  pressure  is  lowered  by  bemor- 
rhagc  crrcnclelenburg,  191 1).  Il  may,  however,  be  fthown  in  ihc  blood  of  the  adrcnaf 
vein  (O'Connor,  1912),  especially  on  splanchnic  stimulation  (Stewart;  .\shei,  i9ti)v 
or  if  the  gland  is  massaged;  but  the  quantity  is  so  small  that  its  effects  are  praclicafly 

'  Tfa«  "  Adr«aal  Problem  "  is  diiciUMd  br  HoekJn*.  t«t&. 
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ie*t.rc>«i  by  the  time  it  reaches  ihc  general  drculu-tioii.    However,  the  m>-driaUc  and 

^ood  pressure  reactions  become  distinctly  disfcrmblc  if  a  somewhat  Jnrger  supply  is 

iuit*lmly  admitted  to  the  circuliiliun,  by  icmpurarity  clamping;  and  then  [etcasiii>;'tt)e 

itOM  wva.     This  requires  inlaLtncss  of  the  splanchuiiTt.     By  this  method,  the  normal 

jhdiarge  of  epiocphrin  may  be  calculated  as  0.0005  t<^  o.ooog  vrr.  per  minute,  i>cr  kilo- 

%pm  of  body  weight  (G.  X.  Stewart  and  RogoU,  1916). 

Hopkins  and  McClurc,  1911,  point  out  ihiit  if  epincphrin  persisted  normully  in  the 
dicoUtioa,  it  would  result  in  inhibition  of  peristalds,  since  the  intestines  arc  much  more 
ttttdtivethan  the  blood  vessels.  Trendelenburg.  i(}i5,  also  finds  tbat  the  concentration 
laMteniU  blood  could  not  be  over  i  in  i  or  3  billions,  and  is  probably  smaller — too 
HDill  to  affect  the  blood  pressure  or  intestine.  Further,  Hoskins  and  McPeck,  1913, 
ORpbaaic  tbiit  the  snt;iU  qurinlity  which  couh)  possibly  reach  the  drculation  wouUl 
<lMtein&tead  of  coostriclinR  the  blood  v*>ssels. 

IV  fact  that  the  adrenal  slnnds  do  not  normally  contribute  to  the  maintenance 

of  iWcolar  tone  a  also  shown  by  temporarily  damping  tlu  adrrnal  vr^sds.     The  blood 

prantre  docs  not  fall  whilst  the  clamp  is  applied  (witbm  one-half  hour),  but  only  after 

*<lA)'orso,  B3  death  approaches  |  Trendelenburg,  1914);  nor  does  it  rise  when  the  damp 

K  iinnnvcd  (Hnsluns  oihI  McClurc,  1913.     The  positive  results  of  StrehL  and  Weiss  are 

■  •ttribuled  to  obstruction  of  the  vena  cava  or  stimulation  of  afferent  ner\-cs;  however, 

^K^dUits  and  McPeek,  101  j>  also  found  positive  results  in  pregnant  cats). 

^p     Knpaose  to  Splandmic  Stimulation. —  Whilst  it  is  thus  certain  that  the  amount  of 

^■Moe^rin  ordinarily  sei-reted  is  beluw  the  phj-sinlogirally  effective  limit,  there  is 

**ideaccof  some  secretion,  especially  on  :9pian€hnic  -itimulaLion.     Ashcr,  to  10  and  1913, 

luuad that  splanchnic  stimulation  in  eviscerated  animiiUdiH-s  ni>t  raise  thcbluud  pressure 

i(  tk  suprarenal  vessels  arc  clamped.     The  splanchnic  rise  under  these  conditions 

Bfltt  therefore  be  due  to  secretion  of  cpinetibnn.     Tbc  rise  can  be  mode  continuous, 

lAoRbg  that  the  epinephrin  is  secreted  and  not  merely  washed  out.    The  secretory 

bfatoce  of  the  splanchnic  is  piobably  continuous,  foe  O'Connor,  1913,  and  Stewart 

>od  KogofI,    igiO,   find  that    their  section   lessens  the  .tecretion  greatly.     Stewart, 

loiaS  and  Gibson,  1916,  showed  the  epinephrin  discharge  on  splaochnic  stimulation 

if  the  mydriatic  and  blood-pressure  reaction.     It  occurs  very  promptly,  and  is  rwt 

P»twni«d  by  attempts  to  exhaust  the  epincphrin  store  throuRh  frignt  or  morphin. 

Epinephrin  dischai^  is  also  concerned  in  the  blood-pre^urc  response  to  splanchnic 

iteuation  under  ordinary  conditions.     The  rise  generally  show*  two  iumnuls.     The 

fRtkdiifl  to  direct  res[»nse  of  the  arterial  muscle  to  the  nerve- impulse.     The  second 

b  te  to  epinephrin  diiicharKe,  for  it  docs  not  occur  if  the  suprarenals  have  been  ligated. 

'''Veudsc  accelrralion  nfter  splanchnic  stimulation  may  be  due  to  the  same  cause 

(t.  .\nrtp,  191  j;  Burion-Opitz  and  Kdwards,  1916).     However,  the  relation  between 

^adrrnals  and  the  by jtert endive  funrtiiin  of  the  splanchnic  is  not  constant  (GIcv  and 

Q*>>aqvutd.  IQI.1). 

Tbr  tectcttoo  of  e|Mnephrin  may  be  increased  by  stimulating  the  s^ilsfKhnic  directly 
offrfedy. 


nTLUEHCE  OF  FUHCTIOHAL  STATES  AND  DRUGS  ON  EPINEPHRIN 

SECRETIOK 

,  Cuutoa  and  dc  la  Paz,  191 1 ,  describe  increascil  output  of  epinephrin  by  emotion  and 
.^'Vffio  cats.  They  tested  this  by  the  relaxing  action  on  excised  intestine;  this  is  prob- 
er t^  best  single-object  test,  but  not  as  condu3i%%  us  the  use  of  several  test  objects. 
ffBUB,  Aug  and  RtDgcr,  1913,  also  find  increase  of  epinephrin  after  the  injection  of 
jj**"  (j.5  to  7.5  m^.  per  cat).  Their  conclusions  receive  partial  confirmation  from 
**W,  191 1,  who  estimated  the  amount  of  epinephrin  in  the  glands.  The  two  glands 
^^■uly  contain  the  some  amount;  this  is  rapidly  decreased  by  excitement  (morphin, 
llHititunaphthylamin');  fiiirroju  (chloroform,  ether,  urcthanc,  morphin);  and  by  stimu- 
WBtof  the  afferent  sdaticot  of  the  cerebral  cortex  (tclra-napblbylarain).  The  action 
■[•n  these  appears  to  be  central,  for  it  docs  not  occur  if  the  splanchnics  have  been  cut. 
■jiMt.  1914,  farther  found  similar  diminution  of  ciiincphrin  after  fright  and  bacterial 
"'■cicadMi,  etc.,  in  animals,  and  after  worry  and  infectious  diseases  in  man.  Dale 
^Uldlaw,  1911,  and  Jackson,  1913,  also  behe\'e  that  stimulation  of  cpinrphriii  sccrc- 
^^  Bkotin  and  pilocarpin  is  responsible  fur  the  differences  in  the  effects  of  the  drugt 
[iiktacl  animals  and  on  exceed  organs  (uterus,  bronchi,  ocular  sympathetic). 

Tie  results  of  Stewart  and  RogofI,  1916.  throw  doubt  on  some  of  the  inlerprelalion* 
Dfi-rtt-  They  confirm  that  morphin  diminishes  the  epinephrin  content  of  the  ad- 
'Mik,  bsl  thi*  occurs  in  dngs  as  well  as  in  cats,  so  that  it  cannot  well  be  attributed  to 
OdBmnt  or  frighL  These  emotiona,  when  .produced  by  more  direct  means,  did  not 
at 
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diminish  the  epinephrin  store.  "Tetra"  did  produce  cxtrcmL- eriiauslion  nfepiocphriR 
store  in  cats  with  intact  vagi;  rabbits  rcspundcd  less  completely. 

Corbett,  1915,  found  the  epinephrin  stock  greatly  lowered  in  traumatic  shock.  Bed- 
ford and  Jacltson,  1916,  show  that  this  exhaustion  occurs  whenever,  by  aay  means,  ihe 
blood  prc!>surc  is  kept  below  50  mm.  for  at  least  one  or  two  hours. 

The  diminished  epinephrin  content  of  the  gland  after  prolonged  anesthesia  has  been 
confirmed  by  01iv3i.  ioi4i  and  Corbett,  1015.  Chloroform  discharges  tbc  glaod  more 
iBpidly  than  smooth  ether  anesthesia;  and  Iht  recover}'  of  the  normal  epinephrin  coo- 
tent  is  slower.  However,  if  the  ether  produces  much  fricht  and  cxdicment,  it  may 
dimioUh  the  epinephrin  content  very  severely.  MarcfactU,  191^,  arrives  at  oppoiite 
results  with  ether;  he  rrpnrLs  a  marked  immediate  increase  of  epuiephrin  in  the  glaod, 
lasting  for  several  hours,  and  returning  to  normal  after  twenty-four  houra. 

Total  Amount  of  Epinephrin  in  Glands. — In  man,  this  is  normally  about  4  to  s  m^. 
per  gland  (Goldzieher,  ic^io;  Elliott,  1914);  in  dogs,  2  mg.;  in  cats,  0.19  mg.  (Afarcnotti. 
1913);  in  sheep,  to  7  mg.  (Folin,  Cannon  and  Dcms,  191.)).  The  percentage  is.  about 
o.i  per  cent,  of  the  moist  ivcii?ht,  in  all  animals.  The  content  does  not  vary  with  the 
seasons  (Seidell  and  Fengcr,  1914). 

Epinephrin  is  present  very  early  in  fetal  animals  (Fengcr,  1913;  McCord,  191^). 
In  the  human  fetus,  it  is  ahti^nt  at  six  months,  but  present  at  full  term  (J.  H.  Lewu, 
1916:  Moore  and  Purinton,  1900). 

Elliott  (1905)  believes  that  ejunephrin  is  also  present  in  special  cells  in  other  situn- 
tioDs,  but  always  closely  associated  vrilh  sympathetic  ganglia  {f.i.,  hi  the  intcrcarotiii 
body).  This  has  been  taken  tti  indicate  that  sympathetic  stimulation  is  aflected  by  both 
a  chcmic  and  a  nervous  mechanism.  The  adrenal  cortex  contaiiu  no  epinephrin,  and  is 
supposed  to  have  relations  to  growth  and  sexual  development.  Vocgtlin  and  Madil. 
1913,  announced  a  crj'stalline,  Hpo-solublc  constrictor  principle. 

Addison's  Disease.— This  is  associated  with  destruction  of  the  suprarenal  gUndt. 
Thp  therapeutif:  administration  of  preparations  of  the  glands  ha%  therefore  been  tried; 
aJso  in  rickets.  di;tl>ctc3  insipidus,  etc.  The  results  ha^•e  not  been  very  good,  which  i> 
scarcely  surprising  when  the  rapid  deslructioo  of  the  substance  b  coctsiaered. 

Excision  of  both  suprarenal  grinds  produces  death  in  a  few  da>Ti  (Browo- 
Sequard,  iSjfi,  page  293).  There  is  fall  of  blood  pressure,  muscular  weakness,  decrctse 
of  metabolism,  fall  of  temperature,  central  paraft'sis,  death  by  failuR  of  respiratwo. 
The  blood  pre&sure  changes  are  the  effect  r.-ither  than  the  cause  of  the  asthenia;  for  the 
pressure  and  vascular  response  do  nut  begin  to  fail  until  the  asthenia  is  far  advanced. 
The  asthenia  probably  depends  on  the  failure  of  ih«  cortical  rather  than  of  the  medul- 
lary- function  of  the  glamls  'Huskins  and  Wheelon,  1914), 

The  injection  of  the  blood  of  the  moribund  animals  into  a  normal  specimen  is  4aid 
to  cause  analogous  s.vmptoras.  Unilateral  excision  has  usually  little  effect.  Trans- 
plantation of  suprarenal  tissue  has  been  accomplished  by  Husch  and  co-wurkers,  190A 
and  1908. 

Feeding  of  Suprarenal. — With  normal  white  rats,  the  ingestion  of  snprarensl  (or 
2  to  9  weeks  resulted  in  some  hy-pertrophy  of  the  testides.  The  growth  of  other  organs 
was  not  affected  (Hoskins  and  Hoskins.  1916). 

SUPRARENAL  TESTIWG 

Commercial  preparations  of  epinephrin  vary  greatly  in  activity  (Runt,  1906; 
Sollmann,  1906;  \V.  H.  SchuEtz,  1910).  Thk  is  pnrlly  due  to  the  ready  decompositkui 
of  solutions;  but  even  the  dry  commercial  base  is  often  far  from  pure  (Schulu,  1909). 
Assay  is  therefore  deDiruhle.  Quantitative  methods  are  also  needed  for  scientific 
problemfl.  Gravimetric  and  volumetric  methods  are  not  applicable  and  recourse  must 
be  had  to  colorituctric  and  physiologic  methods.  For  fairly  large  quantities,  the  cBed 
on  the  blood  pressure  of  mammuls  is  commnnly  used.  A  standard  proc«lurc  is  de«ribed 
in  the  U.S.?.  IX  and  in  the  Reports,  Counril  of  I'harm.  and  Chem  ,  191 1,  page  Ji.  The 
Trendelenburg  method  of  frog  perfusion  baa  also  been  widely  employed.  Various  other 
iTKthods  are  discussed  in  the  papers  of  Crawford,  1907;  Sdiultz,  1909;  G.  N.  Sicwart, 
1911;  Fiffcneau,  1915. 

Colorimetric  methods  also  give  good  results.  A  process  ts  described  10  tbe  CSuP.. 
DC,  and  by  Seidell,  191.^  (with  critical  discussion).  Poiin,  Cannon  and  Dents,  1915,  de- 
scribe another  vcr^'  sensitive  test,  which  gives  good  agreement  with  the  blood-preBon 
method.  The  method  of  Krau<;s  is  unsatisfactory  (Kale  and  SddcU,  191^.  The 
various  color  reactions  are  described  by  Bargcr,  Simpler  Natural  Bases,  1914,  page  89. 

PREPARATIONS — EPIXEPKRIN 
*EpinepkritM,    N.N,R.;    Adrenahnum    <.\drcnai,).    B.P.; 
(L-Suprarenin,  etc);  C*HiiKOi. — Microcrys tailing  powder. 


Kpinephrin,    AdrenaUa 
The  free  base  is  pr«c> 
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tJc^Llly  insoluble,  and  is  therefore  marketed  as  an  aqueous  i :  i,ooo  solution  of  one  of  its 
)alfcs,Kcoermll>  the  hydrochlohd.  The  solutioiis  usu&lty  contain  a  small  quantity  of 
uii  ■aiTiiliTr  (often  sulphite)  aud  thus  keep  fairly  well.  On  dilutiuu  they  deteriorate 
ID  ^  few  houn,  by  oxidatkia.  acquiring  a  pink  to  brown  color.  This  is  favored  by  aJka- 
Ueat,  tkUytd  by  acids.  The  alkaloid  is  3.  reducing  agent  and  gives  a  pink  or  red  color 
iricJ%  oxidiring  substances  surh  ai^  itxliii  (Kwins,  iqio).  Fcrrir  chlurid  produces  wa 
ena^nld  green  color,  which  turns  purple  and  carmin  on  addine  an  alkali.  Dose,  0.5  cx-, 
8  ouniou,  of  the  t :  t,ooo  solution.     Muximum  tlvM\  3  in^.,  yi^  sr. 

^Liquor  AdrntiiiiHi  flydre^hlarUus  (Liq.  Adrenal.  Hydrochl.),  B.P.— 0.1  per  cenL, 
pfcsvrv'cd  with  chloruform.     Dose,  0.6  to  t.S  ex.,  10  to  30  minims,  B.P. 

^mprarenaium  Sktum  (Suprarcn.  Sice),  U.S.P.;  Dried  Suprarcnals. — "The  suprare- 
nal stands  of  such  animals  as  are  used  for  food  by  man,  cleaned,  dried,  freed  from  fat, 
tnd  powdered,  and  containing  not  leas  tban  0.4  per  ctnl.  nor  more  than  0.6  per  cenL  of 
epin<^phrin.  the  active  principle  of  tbc  suprarenal  gland.  One  part  of  Dried  Suprarcnals 
represents  ipprorimately  6  parts  of  fresh  glands,  free  from  fat."  The  cpincphrin  is 
dttembed  coIorifflctricaUy.    Dose,  0.1$  Om.,  4  gr.,  U.S.P.- 


DZARA 

Tfais  African  drug — the  root  of  an  AMirpiadnceous  plant — resembles  cpincphrin 

dM^v  in  its  peripheral  effects,  except  that  thc«c  are  more  gradual  and  lasting.     It  is 

ttad  by  the  natives  against  d>*9entery.  and  seems  lo  Ik-  effective  in  amebic  dyscnlerj' 

tad  other  diarrheas  (.Merck's  Report,  16  :4(<4).     Ouerbcr,  tgii  and  1014,  fourid  a  va- 

iWty  of  actions:  Central  stimulation,  proceeding  to  convulwons;  a  peripheral  sytnpa- 

tboiDinetic  action  (dilation  of  pupils;  inhibitian  of  intestines,  uterus  stomach,  bladder; 

vttocobsiriction] ;  and  a  digitalis  ciiect  on  the  heurl.     Tigcrstcdt  and  ,\irila.  1915,  find 

thu  it  ilows  the  heart  and  bloutl-strcam,  but  raises  the  bloud-prc^surv  Ihmugh  vaso- 

BMiictioiL    The  cardiac  slowing  is  prevented  by  nicotin.     In  intact  animals,  the  sys- 

Itok  aitloin  arc  much  less  with  oral  than  with  hypodermic  or  intravenous  ndminislra- 

<*>a-    Itmay  be  amchiriiiil  in  dj-sentcry  (Justi,  1Q13). 

^  htKtnitl  Horements  are  inhibited  by  the  sympathetic  stimulation  (Hini, 
1713).  tmtfa  in  lilu  or  when  excised.  It  is  very  effective  against  the  physosligrain  or 
l^ocarpia  movemcnLs.     The  diminished  peristalsis  lessens  the  excretion  of  uric  add 

Tbc  ictivc  principle  is  glucosidal.    Uzaron  is  a  puriGcd  extract.. 


COTOIN  (METHYL-TRIOXY-BENZOPHENONE) 

nut  has  been  used  in  diarrhea.  It  is  not  antiseptic  nor  astringent,  but  decreases 
^T^  "*  excised  intestines  and  uterus  (Irapcns.  1913).  It  is  used  in  cholera;  also  to 
^■a  Uw  nigbt  sweats  of  phthisis.  DoJf.  0.06  to  0.2  Cm.,  1  lo  3  gr.  It  is  a  glucosid, 
wnnd  hua  Goto,  the  bark  of  an  unknown  Bolivian  plant.     Dose,  0.06  to  0.6  Gm. 


PITUITARY  EXTRACTS 

CcMsal  Statement. — Extract;;  of  llic  po:;lerit>r  (infundibular}  lobe  of 

^'''^luitary  gland  have  a  strong  stimulant  effect  on  smooth  muscle, 

'^llD?  to  considerable  and  rather  persistent  vasoconstrictor  rise  of  blood 

P*>ure;  reflex  slowing  of  the  heart;  diuresis;  augmented  contractions 

•"['bt  intestine,  uterus  and  bladder,  etc.     The  cdccts  resemble  those  of 

''■Uarin  (Kuehner,  191 2)  and  are  quite  distinct  from  those  of  cpinephrin 

(WtiQio,  Bayer  and  I'eter,  191 1).     They  have  no  relation  to  the  ner\e 

•"ppJy,  and  are  probably  exerted  directly  on  the  muscle.    The  actions 

*n  rrUtcd  to  digitalis,  but  are  relatively  .slight  as  to  cardiac  and  intense 

» lo  uDooth  muscle.     Their  complexity  is  probably  partly  due  lo  the 

pVooK*  of  MveriU  active  constituents. 
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Therapeutically ,  extracts  have  been  used  hypodcrmically  with  success 
to  accelerate  labor,  lo  clicck  uterine  hemorrhage  add  in  ])aresis  of  the 
bladder;  and  witli  more  doubtful  results  in  intestinal  paresis  and  in  coU_ 
lapse  conditions.    Oral  administration  is  practically  ineHeclive. 

A  revii;w  of  tin:  Uteruture  of  pituilary  is  given  by  Simp&on,  1914. 

Different  Portioos  of  the  Gland. — The  hypophynetU  portion  {which  has  a  Mructuie 
resembling  ihc  thyroid)  produces  a  distintl  faU  o(  blood  pressure,  usually  accompanied 
hy  aiTclcrutiuu  and  wciikt'niiij!  of  llii'  litsirt  (W.  W,  Humrivirg<^r,  1904  aiw  lyio).  The 
Pan  tnUrmedia  also  prodiicfs  a  faH  prccciled  and  followed  by  rise  (t.ewi»,  Miller  and 
Matthews,  igit)-  The  pituilar>'  Kland  dues  not  contain  iodin,  even  after  excision  of 
the  thyroid  {Simpson  and  Hunter,  ii^ii).  The  active  principics  appear  very  early  in 
fetal  life  (McCord,  1915}.  ~~ 

ACTIVE   CONSTITUENTS 

These  are  soluble  in  water,  arc  not  affected  by  boiling  or  by  peptic  digentioa,  but  art 
ensily  destroyed  by  trypsin,  by  intipienl  pulrefaclion  and  by  hydrolytic  :igents  id  gen- 
eral (Dale.  iQio).    Thu  explains  th<:  incflicicncy  of  oral  administration. 

Tiic  nature  of  the  active  cyustilut-nts  is  still  unknown;  it  Is  evrii  undecided  whether 
there  b  but  one.  or  several.  Schacfcr  and  Herring,  1906,  believed  that  the  \'ariotu 
activities  arc  due  to  separate  constituents.  Fuehncr,  JQ13,  has  isolatetl  four  basic 
fractions,  which  are  cnnccrned  to  .1  var>'inR  decree  in  the  bliMKi  pres.^urc,  respirator}'  and 
uterine  effects.  A  o.i  percent,  solution  of  tliis  mixture  is  marketed  as  Uypophyiin.  The 
dosageof  tliU  solution  is  the  same  us  Uiat  of  the  usual  to  per  cent,  solution  of  the  fresh 
gland.  Bandonin,  1913,  alsoclaims  to  have  isolated  a  cr>-5taUine  active  principle.  Mo«t 
of  the  other  workers  doubt  whether  any  of  these  really  represent  the  active  siiDslanccs  in 
pure  form  (BarRcr,  "Simpler  Natural  Bases,"  1914,  p.  lofi).  There  is  a  growing  iKlief, 
but  without  real  evidence,  that  they  arc  related  to,  but  probably  not  identical  with, 
histamin ;  this  is  based  mainly  on  the  ri^emh1.tnce  of  their  actions  ( I-uehner).  and  on  the 
probable  presence  of  histidio  in  the  gland  ( Aldrich,  1915).  LiugKenheim,  1015.  su^ests 
a  similarity  to  acetyl cholin.  Crawford  ami  Watanatie,  1916,  abo  fiad  evidence  of  the 
presence  of  some  substatice  related  to  epincphrin, 

CDtClTLATION 
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The  most  conspicuous  effect  of  intravenous  injection  U  a  rise  of  bl 
pressure  (Oliver  and  Schaefer,  1895;  Howell,  1898,  showed  that  the  effect 
is  confined  to  the  posterior  portion).  The  rise  is  not  as  high,  but  is  more 
sustained  than  that  of  epinephrin,  lasting  ten  minutes  to  one-half  hour. 
It  is  due  mainly  to  widespread  vasoconstriction,  from  direct  stimulation 
of  the  arterial  muscle.  The  kidney  vessels,  however,  are  passively  dilated 
in  the  intact  anima).  The  heart  is  generally  depressed  and  this  produces 
usually  a  primary  fall  of  pressure  before  it  is  overcome  by  the  vasocon- 
striction. The  heart  rate  is  usually  slowed,  at  first  from  reflex  vagus 
stimulation,  and  later  by  direct  cardiac  depression.  Repeated  injections 
of  large  doses  produce  less  and  less  rise,  and  finally  a  fall. 

Method  of  Administration.— Intravenous  or  peritoneal  injection  is 
much  more  effective  and  t_\piral  than  h\'podermic  (Pankow,  191 2)  or 
intramuscular;  but  the  last  acts  longer  (klolz,  1911).  When  ^ven  by 
mouth,  there  is  practically  no  effect. 

Cardiac  Effects. — In  intact  animals,  these  are  complicated  by  the 
interference  of  the  vagus  and  muscular  actions.  The  total  result  is 
generally  slowing  and  weakening  of  the  beat. 


Rxte. — This  may  he  unchanged  or  even  ouickencd,  but  is  slowed  in  most 
The  slowing  is  much  le»s  if  the  vagi  have  been  dividLvl,  and  is  due  largely  to  stimulatiop 
of  the  center  liy  the  rise  of  IiIo^mT  pressure  (Bcco  and  Humicr,  191J}.  Some  slowimt 
occurs  e\xn  after  atronin  and  in  excised  hearts  (Cleghorn  and  others)  and  thb  part 
must  be  ascribed  to  direct  muscular  depression.  Werschinin,  1913,  belicv«  thai  the 
peripheral  slowing  Is  due  to  increased  vagus  tone;  and  Claude,  Porak  and  Routiet. 
1913,  attribute  it  lu  slowed  auriculo-vcctricular  conduction  by  an  actioQ  uD  the  Hh 
bundle. 


PITUITARY  EXTRACTS 


Stnag^ — The  excur«aoas  of  ihe  tnercur>-  manometer  arc  increased,  but  lh\^  U  iluc 
XMTiply  to  the  slower  ratf.     Direct  cardiac  tracings  show  decrea*ictl  excursions  and  in- 
arxaaed  tone.     Tb»e  and  the  i&Iuwinij  diminish  the  tiulput,  occasionally  with  a  prelimi- 
jy  increase  (Wiggers,  1911).     Th>L-  decrease  occurs  even  wh«n  the  blood  pressure  rises, 
s-dowing  that  the  rise  is  purely  vascular.     The  ventricular  elHcIency  is  diminishefj 
<.  V^ifliere,  1916). 

The  pressure  in  the  puimonary  artery  falls,  by  weakcnini;  of  the  right  ventricle 
^.^WifiRera,  njii);  or  it  may  be  unchani^fii  (Andcrcs,  1915).  The  ki'h  pressure  is  not 
B.0cctcd  by  moderate  doses;  it  rises  with  large  doses  by  cardiac  tliiatiun  (Capps  and 
I^Iatthews,  1513). 

Oft-repc4ied  injections  are  said  to  produce  cardiac  hypertrophy^  with  lasting  rise  o( 
prouirc  (Ktiennc  and  Parbot,  1908). 

Eadaed  Hanunalian  Heart — Thb  also  reacts  with  decreased  rate  and  amplitude 
0*''KR«rs;  McCord,  igii).  F-iniji,  igit,  however,  attributes  this  to  the  chloretonc  iii 
ihe  solutions;  with  pure  solutions  he  describes  primary  slowing  and  weakening  with 
sub'«>]uent  quickening  and  increased  etcursions. 

Isolated  Frog's  Heart — The  excursions  are  generally  increased;  saiall  doses  quicken, 
^Tse  dosrs  slow  to  final  standstill  (F.inis). 

Srideaee  of  Vascular  Action. —Oliver  and  Schacfer,  and  subsequent  workers,  have 
^wn  that  the  rise  of  nrc^^surc  is  accompanied  by  diminished  organ  volume  (except  in 
the  kidoeys),  so  that  it  can  not  be  rartiiac  and  must  be  vascidor.  Tigemtcdt  and 
Airila,  1915,  also  found  that  the  aortic  blood  flow  dccrca-'«s  with  the  rise  of  pressure 
(lod  Jtill  more  in  the  fall).  The  vasomotor  center  i^  not  affected  directly;  but  may  be 
Moewhat  depressed  or  more  often  moderately  stimulated,  by  the  nsc  of  bloodj>ressure 
arie*(Hrator>-  cmbarmssment  (Pilchcr  and  Sullmunn.  lyis;  XfcCord.  191 1).  Tne  vaso- 
■olof  stimulation  must  therefore  be  peripheral;  and  accordingly  a  rise  of  pressure  occurs 
ifltr  the  Cord  has  hccn  cut;  and  i>erfusion  of  escised  organs  show*  direct  constriction 
(Rockbieter,  1913}.  Segments  of  excised  arteries  and  veins  are  also  constricted  (dc 
lonfe  and  Susanna).  Unlike  cpiDcphrin,  the  effect  is  not  abolished  by  ergotosin,  v> 
Hat  it  is  probably  directly  on  tne  arterial  muvJe. 

A{^calion  ol  pituitary  solution  to  the  scarifitd  skin  produces  a  local  blarKhJog 
[Soflmann  and  PiUher,  njif)), 

Spedflc  Differences  in  Vessels.— These  arc  quite  unlike  those  of  epinephrin.  Pitui- 
tuy  cootracts  the  pulatonary,  etrtbral.  and  coronary  areas  which  are  scarcely  affected 
W  tpirkcphrin.  The  txttomtry  ciritdatton  is  therefore  slowed,  notwithstanding  Ihe  rise 
«  blood  prcMure  (Morawitzand  Zahn,  1914). 

When  rings  of  surviving  esHsed  artery  are  exposed  to  the  pituitary,  Cow,  191 1,  found 
Ae  [allowing:  The  carotid  and  its  branches  constricte<l.  The  intercostal  and  cerebral 
Annd  ao  response.  The  gastric  and  renal  dilated,  the  dilation  uf  the  renal  increasing, 
Ac  Karer  the  kidney  the  ring  was  taken.  The  hepatic  and  splenic  constricted  near 
tkdr  origin,  bat  dilated  near  the  organ.  The  coronary  was  sometimes  constricted, 
mnftimca  dilated.     The  vessels  of  frogsare  dilated  (Froehlich  and  I*ick,  1913). 

^Kaial  Ctrcnlation.— Magnus  and  SchflJcr.  1901,  obser^-cd  that  the  kidneys  in  intact 
uinkk  diUle  during  the  rise  of  pressure,  whilst  other  orgar»  generaOy  are  coDtraCted- 
TVkidoey  volume  diminishes  during  the  fall.  Hallion  and  Carrion  described  vasocon- 
tiriction  fnllowed  by  rftUtiim.  Both  effects  are  protutbly  mainly  pasfive;  for  perfusion 
of 'uiiotf  HianrrgeBeranv  produces  constriction  (McCord,  1911).  sometimes  foUowed 
bf  ililatioa.  Tne  oreter  Sow  follows  the  volume-curve  (SoUmann).  The  larger  renal 
Pterin  are  dSalcd  (Cow). 

Dinresis. — ^This  occurs  generally  (noi  alwav-s;  Beco  and  Plumier,  1913) 
in  miact  animals,  v.  Kjonscbegg  and  Schuster,  1915,  find  that  small 
"loses  cause  tcmporar>'  diure^,  followed  within  ten  minutes  by  diminished 
urine  flow.  Larger  doses  diminish  the  flow  from  the  start.  Injection 
'luring  the  infaitntion  ai^ain  starts  diuresis.  Harrion  and  Carrion,  and 
King  and  Stoland,  1913,  belie\'e  that  the  diuresis  occtirs  only  during  the 
rouu  vasodilation;  but  it  does  not  seem  lo  bear  a  constant  rdation  to  the 
c^gts  ctf  blood  prcarare  or  kidney  volume,  and  is  therefore  perhaps  a 
hostel  action  on  the  renal  cells;  pKJSstbly  due  lo  a  distinct  constituent 
(Schacfer  and  Herring.  1908;  Hopkins  and  Means,  1913).  The  evidence, 
liowever,  is  iocoodosive.  In  man.  with  ordinar\'  doses,  the  diuretic 
response  senzks  to  be  small  and  tmcertain:  the  chlorid  excretion  is  increased 
(Frey  and  Kumpicai,  spu)*    Kooscbegg  and  Schuster.  1915,  find  that 
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t  tu  z  c.c.  hypudcrmically,  in  normal  individuals,  diminish  Uie  volume 
and  solids  of  the  urine,  the  effect  lasting  sixteen  hours. 

Iq  Diabetes  Insipidus,  pituitary  injections  are  said  to  reduce  materiAlly  the  volume 
of  urine  and  the  thirst.  The  output  of  solids  is  varinble  (Velden,  1913:  Gruul.  iqtji 
Kleeblatt;  KoriitcheKK  and  Schuster,  1015:  G.  Hoppo-Seylcr.  1915;  Moufeldt.  1916). 

The  tnmsformAtion  of  benmic  into  kipfuric  acid,  in  nephritis,  u  reported  to  be  in- 
creased by  piluitar>'.  independent  of  any  diuresis  (Farini  and  Ceccaroni,  1915)- 

Duration  and  Repetition  of  Action. — The  rise  of  blood  pressure  lasts 
for  about  half  an  hour  after  intravenous  injection.  (Mummery  and  Sy mcs, 
190S,  state  that  it  persists  for  several  hours  if  [he  brain  and  cord  have  been 
destroyed,)  The  efJect  may  be  repeated  after  one-half  to  three-fourths 
of  an  hour,  or  more  frequently  if  small  doses  arc  used  (0.06  to  o.i  c.c.  of 
pituitrin  for  dog;  Hoskins  and  McPeek,  1013).  In  this  way,  the  blood 
pressure  rise  may  be  utilized  for  bio-assay  (Hamilton.  1913). 

Frequently  repeated  injections  of  large  doses,  however,  become  less 
and  less  effective  (Howell,.  1898)  and  may  finally  lower  the  pressure 
(Schiifer  and  Vincent,  1908).  The  secondary  depressor  action  does  not 
occur  as  easily  in  dogs  as  in  cats  or  rabbits  (Hamilton,  1912).  The  m 
anism  of  this  action  has  not  been  established. 


"* 


It  ift  not  due  to  cardiac  effects,  for  these  remain  constant;  nor  U  tt  due  to  fati^e  of 
the  vessels,  for  it  docs  not  occur  in  perfusion  experiments  (McCord,  191 1).  This  olwer- 
ver  believe^  that  a  new  dilator  sub&tancc  Is  formed  by  the  acdon  of  blood  on  the  pitui- 
Uir>'  principles;  for  he  claims  that  mixtures  of  blood  and  pituitary  have  a  dilitor  effect 
when  injected  ivr  perfumed. 

Action  on  Depressor. — I'ituitary  injection  decreases  the  eiSciency  of  depressor  itimu- 
Ullfvn.  cspcciiiHy  in  rLiiihil^,  k-ss  in  cats.  The  action  ts  stronger  than  that  of  e)rinei>hrui, 
and  ociuni  even  wht-n  ihc  lilood  pressure  does  not  rise  (.\uec  and  Meltzer,  19:3). 

SynerEism  witli  Eptnephrin. — This  has  been  reported  by  Kcpinow  (Gottlieb,  191 1). 
•  The  pituitary  rise  ii  not  due  lu  ':4iniijlittion  of  epinephrin  secretion;  for  it  is  not  tnodxhrA 
by  ligation  of  the  adrenal  vei^sel<i  (Iloskins  and  Alcl'eck,  r9ij). 

Primaiy  Poll  of  Blood  Pressure. — ^This  is  cardiRC,  but  not  vagal,  for  it  occurs  after 
section  of  thi-sf  nervM  CPaukow,  igia).  The  fall  Is  marc  pronounced  with  targe  diMCS 
(Sotlmann;  Aucr  and  Mcltzcr,  1913).  ScbS.fcr  and  Vincent,  1899,  bdievx  that  it  b 
due  to  a  dislinct  di'prcs.sgr  ronslitucnt. 

Circulatory  Effects  in  Birds. — These  arc  different  than  in  mammals.    There  is  t 
markt-d  fall  of  blood  pressure  by  peripheral  vasiKlUatiiin,  .TntJiRoniz^d  by  epinephrin  of 
barium.    The  ventricular  aod  auricular  conLracdons  are  stimulated  (Patoti  and  Waisoi 
191 1). 

CLINICAL  USE  IN  SHOCK  Ain>  COLLAPSE 

Mummery  and  Synne<i  found  experimentally  that  the  pituitary  rise  of  pmsure  is 
more  pronounced  and  8ii»tainc<i  if  t  he  pressure  has  previously  been  lowered,  as  by  hemor- 
rhage, traumatic  shock,  cholin,  pentimilis,  etc.  Illair  Hell,  iQii,  daimecf  similar 
benelicial  resuli^  in  patients.  The  usual  dose  (t  cc.  of  the  commercial  solution  *  about 
0.3  Cm.  of  the  moist  gland,  intramuscuUriy)  may  raise  the  blood  pressure  10  to  40  mm- 
(or  an  hour,  Miith  ^slightly  slowed  heart  rate  (Beck  and  CyMally,  t^og;  Klou,  tqu'i: 
but  the  response  b  uncertain.  This  may  explain  why  the  drug  has  not  comm;ini)rrt 
confidence.  The  slowing  miigbt  be  useful  in  cardiac  irregularitkes  (Wer^hinin.  I'ji^i 
Hewlett,  iQit,  finds  that  the  intriimu^cuUr  injection  of  i.;  cc.  convert.4  the  dicrotic 
febrile  pulse  into  a  normal  pul^,  with  diminished  pulse  volume,  but  without  definite 
change  in  blood  pressure  ur  oUkmI  fliiw  in  the  arm;  these  changes  corresponding  to  vaso- 
constriction. Wiggcrs,  191 1,  believes  that  it  may  be  of  some  use  in  JwflHiwry  kcrnvr- 
rkugr  by  dcprcwang  the  heart. 


RESPIRATORY  CENTER 


This  is  affected,  both  directly  .ind  lliruugh  the  cinuhitury  changes.     Wilb  inlrai 
ous  injection,  Paukow,  191;,  describes  a  primary  arrest  during  the  fall  of  prcssui  . 
then  an  increase  and  a  second  slippage  during  Ihe  rise.     Nice.  Ruck  and  CiHirlrighl* 
iQt4.  describe  the  chjintcteristic  effect*,  as  primarj-  increase  of  d*p<h,  foUoweii  by 
shallow  and  generally  alow,  but  sometimes  quickened  respiration.     These  distufbanca 
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fijB  with  the  clrculator>-  cbangM.  but  are  itoc  as  bsting.     They  fail  to  occur  after  a 
injectioDS  tuLvc  bcxn  made.     In  frogs,  tadpole:^  and  tish,  the  center  is  psr&lyzed 
eoocr,  1915). 

.^SAtodual  Mosde  and  Asthmm.— Frocblich  ajid  Pick,  1913,  find  a  fatal  bronchiat 
ftc.f«nmsuiaeapig8.  Thb  is  peripheral,  i.K.,  preventable  by  atropin.  but  not  by  section 
oT^^^kfi*  It  occurs  aUo  in  the  survt\^ng  lung  of  dead  animaU  (Baehr  and  Pick,  1013). 
■^ioTie,  1013,  observed  no  effect  on  isolated  bronchial  muscle. 

I*ituiury  has  been  tried  cUniaiUy  in  uithma  (Brochardt,  1913);  but  the  results  are 
got  promisinj;.    Laaari,  1915,  even  reports  a  patient  in  whom  [utuitary  provoked  asth* 
ttic  attaclcs. 

UTERUS 

Xn  the  body  and  on  the  otcised  organ,  even  very  small  doses  of  pituitary 

ttftve  a  marked  augraentary  effect,  and  increases  the  excitability  to 

hypogastric  stimulation  (Dale.   1907;  Frankl-Hochwart  and  Froehlich, 

1910).    This  occurs  in  all  animals,  pregnant  or  non-pregnant  (Fuehner, 

1915;  Gunn  and  Gunn,  1914).    The  action  has  been  used  for  a  bio-assay 

(|}ale  and  Laidtaw,  1912;  Roth,  1914;  U.S.F.  IX). 

Excised  Human  Uterus. — Licb,  1914  and  1515,  reports  that  the  non-pregnant  human 
menu  is  nut  contracted,  and  may  c\-en  be  slightly  dcprcjuwd,  by  pituitary,  the  con- 
tnction  reactions  appearing  six  weeks  alter  impregnation  and  pcrMsting  thruughout 
pK^iincy.  He  believer  that  the  change  is  due  to  appearance  of  some  substance  that 
■taultaes  the  uteris  specifically  to  pituitary.  This  difference  between  pregnant  and 
■oo-pMgBant  uterus  docs  not  apply  to  histamia  which  produces  contraction  in  bulh 
»Utes. 

These  results  o(  Lieb  must  be  viewed  with  some  suspicion.     Gunn,  1914,  describes 
caoUKboa  response  of  the  ordInar>'  human  uterwL     The  tubes  did  not  respond  (in  . 
Jiillaclioo  to  cpinepbriD.  which  contracts  both).     Injection  of  pituitary  into  the  virgin 
knmuertii  IK  nVucertainly  produced  extreme  contraction  (Clarence  Webster),     llie 
raodlipment  does  not  respond. 

USE  m  OBSTETRICS 

This  was  introduced  by  Bell,  1909.  Its  efficiency  for  hastening  de- 
Bverj?  and  checking  postpartum  hemorrhage  has  been  generally  confirmed 
f»ho  in  animals;  Lescohier  and  Closson,  1912).  It  fails  in  some  cases 
(Boighi^  1911).  Excessive  doses  are  dangerous,  the  powerful  contrar- 
^M8  dosing  the  cervix,  preventing  delivery  and  producing  local  necrosis 
Wnnnann,  1913),  and  sometimes  even  rupture  of  the  \tscus  (Espeut, 
'913; Zuellig,  1915;  also  J.A.M.A.,  1914,  62:1421).  It  may  also  pre- 
*wt  labor  if  injected  during  the  first  stage  of  lalior.  .\fter  this,  and  in 
I*^  doses  (t  c.c,  repeated  in  an  hour  ijf  neccssan.*)  it  is  not  dangerous 
tomoiher  or  child.  It  docs  not  produce  abortion  before  term,  and  is  most 
<™cdvc  when  the  os  begins  to  dilate  (MaUnowsky,  1914). 

QafBioe  Webster  injects  a  few  drop*  of  pituitary  extract  directly  into  the  uterine 
"'^^i  to  HCtire  a  firm  and  bloodless  field  fur  incision, /.i.  In  Cesarean  section. 

URINARY  BLADDER 

The  \'esical  muscle  is  stimulated  and  the  excitability  increased  to 
P«™:,  but  not  to  hypogastric  stimulation  (Frankl-Hochwart  and  Froeh- 
*i^'  1910).    This  has  been  utilized  in  postoperative  paralysis  of  the 
"JT"*^  (Hoffstatter,  191 1;  Fellenberg,  191 1). 

INTESTINES 

.  Tbcsf  show  primary  inhibition  of  contractions  through  sympathetic 
l^ation  central  to  epincphrin;  followed  by  increased  contraction 
"'^'gh  stimulaiJon  of  Auerbach's  plcxirs  and  its  post^nglionic  fibers 
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(Bayer  and  Peters,  191 1).  The  stimulant  effect  has  been  used  climcaDy 
in  paralytic  distention  of  the  intestines,  especially  after  operations  {BcU 
and  Hick,  iqoq).  Its  efficiency  is  still  under  judgment;  Bidwell,  1911, 
claims  a  limited  usefulness. 

Shamoff,  1916,  and  Hoskins,  1916,  found  that  the  tnte&tiiul  action  varies  greatly  in 
difTcrent  prcparation-s,  some  even  relaxing,  Hke  epincphriQ.    "  Hypophysia  "  was  espe- 
cially relaning,  but  extracts  of  fresh  glands  also  gave  this  result.     The  bluod-i 
tests  of  these  preparations  gave  the  normal  response. 

LACTEAL  SECRETION 

Olt  and  Scott,  loio  and  1012,  discovered  a  marked  saiactagogue  effect  in  gda 
a  number  of  other  gland  extracls,  especially  of  the  &e:tual  apparatus,  had  a  similar  bot 
wciiker  action.  The  observations  were  conftrmed  by  Mackenzie,  and  by  all  subsequent 
workers.  The  increase  occurs  vrithin  fifteen  minutes  after  the  intravcnou<i  or  hypoder- 
mic injection;  but  there  is  a  corresponding  decrease  at  the  next  milking,  so  that  the  daily 
output  of  tnillc  is  not  changed  (iLimmond.  rt)i.(;  Hill  and  Simpson,  igi^).  The  fat 
content  b  increased  at  the  first  milking,  n-ithout  decrease  at  the  next.  The  000-^ 
solids  are  not  af!ec[cd  (Hill  ami  Simpson,  IQ14).  If  the  injections  are  repealed  over 
long  periods,  the  elTect  is  lost  (Simpson  and  Hill,  191s).  Ko  increase  of  milk  Is  said  to 
occur  in  rows  (Gndin,  iijij)  or  human  {Schaefer,  1913];  but  Hill  and  Simpson,  1014, 
found  that  intramuscular  injection  of  i  c.c.  of  pituitary'  solution  in  the  fiftn-  month  of 
human  liictalloTi  was  followed  by  marked  increase  of  milt  and  fat. 

Mechanism  of  Actloa  on  Hilk. — The  fact  that  the  response  (in  goats)  is  percept) 
within  hiilf  n  minute,  u  also  the  3econdar>"  decrease,  suggest  that  the  increaie  is 
due  to  secretion,  but  merely  to  the  more  complete  exprc^uon  of  stored  milk  by  coni 
tion  of  the  smooth  muscle  of  the  gland  CSimpM>n  and  Hill,  1914).  The  increase  of  ^ 
fat  wouEd  agree  with  this.  Cianu^,  1915  (full  discussion  of  the  subject),  prewnta 
oianomctric  evidence  of  such  contraction  m  lactating  glands  fnon-lactxting  gunds  da 
not  respond).  Simpson  and  Hill,  1915.  point  out  that  harium  does  not  increase  the 
milk,  although  it  stimulates  the  muscle  powerfully;  but  this  would  be  counteracted  by 
the  intense  vasoconstriction. 

SALIVA 

Intravenous  injection  into  dogs  diminishes  the  flow  of  saliva,  partly  by  decntsed 
blood  flnw,  partly  by  direct  depression  of  secretion.  The  re^»ouse  to  pilocarpin  is  also 
diminished  (Solem  and  Lommen,  i9is)> 

PANCREATIC   SECRETION 

This  is  decreased  (Pcraberton  iinJ  Sweet),  through  vasoconslriclion  (Edmunds) 

CEREBROSPINAL  FLUID 

Pituitary  affects  the  pressure  merely  through  iu  circulatory  changes  (Dtxon 
Halliburton,  1913  and  1914). 

PUPILS 

These  are  not  affected  in  normal  animals;  but  according  to  Ott  and  Scott^  ^9°9t 
they  are  dilated  alter  removal  of  the  superior  tervical  ganglion  {perhaps  by  sen-sitijcaii 
to  epinephrin).     Mellzer  and  Aucr,  1912,  found  different  results,  dilation  in  frog^.  ■ 
Btriction  after  removal  of  the  ganglion  (ovary,  thymus,  and  mammary  have  no  effect  1 
the  pupil). 

TOXIC  EFFECTS 

The  toxic  side  actions  are  described  by  Seifrrt,  Xehenwirk.,  1915,  p.  9o6.  Exc«MJva 
and  long-continued  doses  are  said  to  produce  ataxic  and  motor  symptons,  cmaciatiooi 
and  disturbances  of  (tirbohydratv  metiilH/Hsm.  Weed,  Gushing  and  Jacooson,  1  g  1 3,  hdteve 
thAt  thi<%  is  influenced  by  the  posterior  lobe.  Injections  of  pituitary  lower  the  assirai- 
lation  limits  for  carbohydrates,  and  cause  glycogeuulysis  and  glycusuria.  SlimmhtiMn 
cf  the  ky^pkysis  in  dogs  produces  h>'peTgIyceinia,  even  when  ptopcr  precautions  aic 
taken  against  asphyxia,  neighboring  structures, etc.  No  result  ts  obtained  aitct  section 
of  the  ftplaiKhnics  (Keetoo  and  ficcht,  191 5). 
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STAKDARDIZATIOK 

Son*  extracts  arc  seven  or  eight  lime*  as  active  as  others..  In  view  of  tiw  powerful 
■B^^rts,  they  sbuuld  tbL-rcforv  be  standarizcd.  Varioiu  methods  have  been  proposed. 
rbe  Uoodvpre^&urc  method  (Hamilton),  although  easier,  is  not  as  reliable  ms  Ihe  us«  of 
the   ezDsed  utenu  (techntc  described  by  Koth,  1914;  and  U.S.P.  IX). 

PREPARATIONS — PrTCITAHY 

Bypopkyju  lice,  U.S.P.-,  Desiccated  Hypophysis.— The  posterior  lobe  ol  the  pitui- 

Dody  of  the  ox,  deaoed,  dried,  and  powdered.     Dose,  0.03  Gm.,  }^  gr.,  U.S.P. 
"I*f.  Uypvphyiis,  U.S.P.;  Solution  ol  Hypophysis  (Pituitary  So)ution). — Prepared 
'Cxtractiog  Uie  fresh  posterior  lobe  of  ImWnc  pituitary  with  sliRhtly  acidulated  water, 
nilias.  filteriog  and  sterilising.     Standardised  on  excised  uterus  against  hisitatniD. 
^i*tA,  I  C.C.,  IS  mimms,  U.S.P.,  hypodermic 

AITTERIOR  PITUITARY  LOBE 

This  has  important  relations  to  metabolism,  growth,  and  sexual  dc- 

vrtopment.     T^ai  removal  is  followed  by  death  in  a  short  time  (Paulesco, 

1907;  Reford  and  Gushing,  1909;  Crowe,  Gushing  &  Romans,  1910.    Par- 

lul  rtnuvai  or  disease  leads  to  retarded  growth  or  infantilism,  obesity,  and 

otlrr  nutritional  derangements.    //y^trart/t'iVy  (as  in  acromegaly;]*.  Marie, 

i886")  is  characterized  by  accclerate<l  and  abnormal  growth  (gigantism). 

FuJine  of  the  anterior  lobe,  fresh  or  dried,  produces  different  effects  be- 

(oRud  after  adolescence.     In  the  pre-adolescent  period,  it  retards  growth 

(M  judged  by  weight  and  length  of  bones),  but  stimulates  sexual  dcvclop- 

WBt    In  fully-grown  animals,  it  accelerates  growth,  including  the  re- 

pUocDKnt  of  tissue  lost  by  inanition;  the  healing  of  granulating  wounds, 

rtt.   T.  B.  Robertson,  1916,  hais  prepared  an  active  principle,  "Tethelin.** 

TW  experimeatal  results  are  often  rather  coofusin;;;  probably  because  the  effects 
ocptodto  much  oQ  the  state  of  giowih,  and  perhaps  un  uUiei  touditiun^.  The  fuUov- 
l^ltatiioti  may  be  consulted: 

luUtioo  of  Tetbelin  and  effecu  on  mice:  T.  B.  Robertson.  toi6. 

KaU:  Goetsch,  1916  (excessive  doses  produce  digestive  ana  Dutrilional  disturb* 
■Kk;  udif  the  posterior  lobe  is  also  fed,  nervous  derikngcfnents). 

Oiids  tnd  eg(j  production:  S.  S.  Miixwi;!!,  191(1;  L.  X.  Clark,  1915;  Pearl  and 

Tkenpenbc  Uses.— These  arc  in  the  experimental  stage.  The  atlministralion  of 
ut  driixi  launor  lobe  (0.05  to  0.1s  Gm.,  i  to4Kr.,  in  powder  or  tablets)  has  (riven  some 
bvonUe  results  in  the  later  staj^  of  acromegaly;  in  d>'fitrophiA  adiposo-genitalis;  and 
■  taliiB  cues  of  obesity.     It  is  contraindicated  in  early  stages  of  acromegaly. 


THYROID  PREPARATIONS 

Gweral  Statement — The  administration  of  thyroid  gland  is  highly 
*<>oaa!ful  in  combatting  the  phenomena  of  thyroid  deficiency — mjTi- 
•fcaa,  crttinism,  etc. — whether  the  deficiencj'  be  congenital  or  acquired 
Of  disQue  or  operations.  The  benefit  persists  practically  only  so  long  as 
^  iflciinislration  is  continued.  Metabolism  is  increi^ed  also  in  normal 
individuals,  first  the  nitrogen,  then  fats.  Thyroid  is  therefore  used  against 
'*'*'ty.  However,  it  is  a  dangerous  remedy,  excessive  doses  causing 
*rvous  symptoms.  Thyroid  administration  alters  the  susceptibility 
toceri^n  poisons.  Acute  eflfects  are  slight  and  inconstant,  even  on  inlra- 
Ww*  iajection. 

The  activity  resides  in  the  colloid  material  of  the  gland,  and  is  propor- 
tjowl  to  its  iodin  content. 

Actlre  Constituents. — Thyroid  glands  contain  a  relatively  large  pro- 
P^tioQ  of  iodin.  The  best-known  actions  of  IhjToid  preparations — the 
tbmpeatic  efficiency,  increased  nitrogen  excretion,  acetonitrile  teat,  etc. — 
vepanllcl  to  their  iodin  content  (Marine,  1913).    These  effects  arc  not 


34< 


StANTJAl.  or  PHASMACOLOCY 


produced  by  inorganic  and  most  organic  lodin  compounds,  not  even  by 
iodized  proteins  (except  after  they  arc  assimilated  by  the  thyroid).  The 
active  principle  must  therefore  be  a  characteristic  organic  iodin  compound, 
contained  in  the  colloid  globulin,  " thyrfoghbin"  (C^wald,  1899,  1908  and 

J909). 

The  iodin  contcnl  of  this  globulin  varies  from  o  to  1.3  per  rent,  or  more;  usually 
about  0.3s  per  cent.,  the  phyuologic  acUv'ity  b«n^  proportional  to  the  pcrccataffc  of 
iodin.  However,  glands  which  iirr  practically  devoid  of  lodin  still  exhibit  a  very  slight 
activity.  An  iodin-free  th>TcogIobulin  is  al«o  found  in  thyroids  which  contain  do  col- 
loid. Oswald,  llit-roforc,  suggests  that  two  globulins  occur  in  the  gland,  differing  only 
by  the  presence  of  itwlin,  and  not  Bt-pftrablc  by  reagents.    The  alternative,  that  the  sane 

Krotcin  may  Lilcc  up  different  prnp4>rniin<i  of  iodin  (crudely  analogous  to  ox>'^n  and 
emoglobin)  has  at  least  equal  probability  (Hunt,  1907).  Hunt,  191 1,  appear?  to  con- 
dder  that  there  is  but  a  single  iodized  protein,  since  the  activity  is  in  simple  ratio  to  tlie 
iodin  content. 

The  iorlized  thyreoglobulin  has  been  further  fractionated.  P.  C.  Koch,  1015.  finds 
that  the  full  activity  is  contained  in  the  mctaprotein  fraction  of  the  thyreoglobulin;  the 
simpler  cleavage  products  showing  Ii-ss  and  less  activity  per  unit  of  thyroid.  Pick  and 
Pineles,  1909,  also  claim  that  completely  digested  th>T0id  is  leas  efficient  in  myxedema. 
Both  statements  apijcar  to  confliut  with  the  universal  experience  that  oral  admimstra- 
tion  is  effective,  although  it  may  be  assumed  tliat  complete  cleavage  occurs  before  the 
tissues  arc  reached.  Fawcctt,  Bccbc,  cl  al.,  1915,  find  an  organic  ioilin  compound  in 
extracts  freed  from  nuclen proteins,  globulins  and  other  coagulablc  protein.^  Recbe, 
191 1,  recommends  a  special  globulin  prep.!,  rat  ion  as  the  bearer  of  the  therapeutic  actions, 
and  as  devoid  of  undesirable  and  toxic  iodized  protein.  His  claims  have  not  yet  been 
accepted. 

Kendall,  191 1  and  1Q15.  claims  to  have  fteparated  two  iodin  substances  of  distinct 
actions;  a  crystalline  compound  producing  the  "  toxic  "  effects;  and  an  unisolated  sab- 
stance  responsible  for  the  therappiitk  a<-lion'%.  Wil<u>n  and  KmdaJI,  1916,  find  that  the 
quantity  of  the  toxic  iodin  compound  varies  with  the  total  iodin  content  of  the  glands. 

It  is  noteworthy  that  organic  iodin  compounds  can  not  be  demonstrated  in  any  other 
mammalian  tissues  than  the  thyroid  (Blum  and  Oruetzner,  1914). 

Thyroid  also  contains  Httdeo- proteins,  mainly  in  the  audci,  and  therefore  in  inverse 
ratio  to  the  colloid  (Bcebe,  1907J. 

lodothyrin. — This  is  a  cleavage  product  prepared  by  Baumann,  1896,  containing 
from  4-5  to  n;.i  per  cent,  of  iodin  {Oswald;  Koch,  1903).  It  does  not  give  the  protein 
reactions,  and  is  very  resistant  to  heat  and  reagent?.  Baumann  and  Roos,  1896,  and 
Hildirbrandt,  ifii>Ci,  clainicLl  that  it  has  the  therapeutic  .ulinns  cif  thyroid;  but  most 
latcrobscrvers  have  obtained  rathcrnegativere<>ults.  Thecommcrcialproductcoouins 
much  less  iodin  (as  little  as  0.014  percent;  Hunt  and  Seidell,  1910),  soraetioies  in  loose 
combinations. 

Iodin  Content  of  the  Glands. — This  averages  about  0.15  to  0.3  per  cent,  for  dry,  sad 
0.03  to  0.06  per  cent,  for  moist  glands.  ("I^e  average  percentage  for  moist  glands  is 
given  by  Aldrich,  1913.  as  0.035  for  sheep;  0.036  for  beef;  0.047  for  hogs.)  It  u  vubject 
to  great  variations,  particularly  in  gjOiitr.  In  hyperplastic  goiters,  the  percentage  and 
total  i'nJin  are  Imth  greatly  diminished,  proportional  to  the  histolofnc  changes.  In 
colloid  Koiters  the  percentage  is  diminished  tea  less  degree  (Marine  and  illUiams,  1908). 
Iodin  \i  said  to  he  absent  in  wild  carnivorous  animals,  and  sometimes  in  domestic  (Roos. 
1S99),  but  this  must  be  rare.  Contrary  to  older  statements.  Fenger.  191  7  and  tgtj, 
found  it  in  K\\ejdus  of  domestic  animals  long  Iwfore  birth.  JXni  asserted  absence  Irom 
the  human  fetus  therefore  seenu  to  require  further  confirmation. 

The  iodin  undergoes  marked  ieasnnat  voniUions,  the  percentage  being  three  times 
greater  (with  smaller  glands)  in  June  lo  November,  than  in  December  to  May.  U 
diminishes  gradually  from  about  September  till  March  or  April,  and  then  Incresses 
abruptly  until  Sqitcmbcr.  The  chan>;cs  appear  to  be  connected  mainly  with  the 
prevailing  temperature;  .ilthough  diet  and  the  reproductive  season  are  not  denniidy 
excluded  tSuidclI  and  Fenger,  1913  and  IQ14).  lac  iodin  is  also  decreased  by  stimu- 
lation of  the  nerves  going  to  the  gland  (Kahe,  Rogers,  Fawcctt  and  Beebe,  1914),  hot 
this  is  due  simply  to  vastKronstriction  (Watts,  19:5). 

Effect  of  Administration  of  Iodin  Con^Munds. — These,  whether  inor^ 
ganic,  or  organic,  materially  increase  the  iodin  content  of  the  gland,  with 
corresponding  increase  of  Us  activity,  and  characteristic  anatomic  changes 
(involution  of  ]i>'pcrplasia  (Marine)).  'The  selective  affinity  of  the  thj- 
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nttdik  very  high,  relative  to  the  other  tissues  (Marine,  1915).  Hunt,  1907, 
poinisoDl  that  part  o[  the  pharmacologic  action  of  ordinary  iodids  may  bt* 
flpliined  by  their  conversion  into  thyroid  secretion;  and  this  is  obviously 
iheir  effect  in  thyroid  disease. 

Wltea  iodin  compoitnds  arc  led,  iodln  is  lakca  up  by  the  thyroid  tisaae  to  the  point 
of  atundra,  which  avernKes  about  5  to  6  mg.  of  iooin  per  sf^m  of  dried  thyndd.  The 
elective  affinity  a  »  stronff  that  as  high  aa  1S.5  per  cent,  oi  a  gi%'ca  intake  (oral)  of 
iodi  wu  Kcovered  from  a  tbyroid  whose  ratio  to  the  body  weight  was  1:687  (Marine. 

MiO. 

The  todio  contest  can  also  be  increased  by  tlie  injection  of  blood  of  hypertbyroid, 
md  dccnaacd  by  that  of  tbyrcudectomized  animals  0<*°^  ^°d  Tatum,  1913). 

Pofiuiaa  of  Thvroid. — Frcshlv  cxciscfl  thyroid  takes  up  and  lixes  potosnum  lodid 
froD  the  paftuion  fftiid,  prcsumabW  in  an  urganic  form,  so  that  it  can  not  be  washed  out 
Iv  lUiinr**  solution.  The  amount  tixed  in  independent  of  the  iodid  concentration  of 
IH  penuuDa  fluid,  but  is  larger  for  h>-perplastic  than  for  colloid  glands,  and  is  about 
*^  to  the  amount  fixed  in  the  living  animal,  in  the  same  time  (an  hour),  with  inlra- 
nsoos bjection.  In  neither  cose  does  the  iodin  ab!M>rbcd  by  the  th>Toid  produce  the 
Vnfic  effect  on  tadpoles;  so  that  a  Further  elaboration  in  the  gf&nd  h  necessary. 
nCtlrilyii  acquired  in  living  animals  within  thirty-six  hours.  The  todin  fixation  of  per- 
Uoa  uon  not  occur  when  the  gland  becoRi(?«  disurgnnized  by  uululysJs;  nor  does  it 
«iMoa  perfusinp  other  orgatis  than  the  thyroid  (Marine  and  Fciss,  1915). 

IkfiMd  DeflcTea^. — Complete  excision  of  the  thyroid  apparatus  (Cachexia  stninu- 

pfi*!!  tauBcs  a  series  of  acute  eflccts,  motor,  ocr\-ous  and  metabolic,  which  arc  more  or 

I*  npidly  fatal  in  most  animjil^  especially  in  camivarre-.     (These  results  were  first 

dwaroedoy  ScMff,  1856;  Kcvcrdin,  1881;  and  especially  Kochcr,  1883;  the  literature  is 

Jwted  by  NTnccnt,  191 1.)     If  the  parath>Toid»  are  spared,  the  motor  symptoms  and 

utafitv  irt  much  less;  and  the  metabolic  duturbance,  though  no  le^s  severe,  runs  a 

Mrtdmoic  coarse.     In  man,  thyroid  deficiency  when  occurring  in  adults,  results  in 

jf.mrfea^.  with  the  conspicuous  skin  changes  and  nervous  dislurbanres  ending  in 

*Ml  'tctrrionition.     Congenital  deficiency  jjroduccs  the  condition  of  Cretinism. 

,     HyerincBal  Cratiuiiiii. — Complete  thyroidectomy  in  young  rabbits  i&  *«d  to  be 

l™»»wl  b>'  l>-pica!  credn  phenomena,  such  as  dry,  rough  hair,  retarded  growth,  skin 

l™^*.  etc     These  arc  perfectly  controlled  by  feeding  dried  thyroid  or  its  cleavage 

|l*"ictJ  if  the  hydfi^lyvK  Kas  not  rooc  too  far.     Kendall's  "B"  compouad  was  in- 

'  ractWe,  90  was  transfusion  of  normal  blood;  whereas  the  scrum  of  th>Toid-fed  animals 

■*B«lnately  efficient  (H.  R.  RasinKT,  iqifi). 

1berap«utic  Results  of  Thyroid  Feeding. — The  deficiency  symptoms 
tn  more  or  less  completely  relieved  by  the  administration  of  thyroid  by 
^^  (Howitz,  Mackenzie,  Fox,  1B92),  as  weU  as  by  intravenous  injec- 
*>«  (Cola,  1884;  Murrey,  1891),  or  bv  implantation  of  thyroid  tissue 
(Sdnff,  18S4). 

Administration. — The  dried  gland  is  the  most  convenient  form,  cither 
«*  pomler  or  tablets.  The  latter  ordinarily  contain  0.13  Gm.,  2  gr.  of 
^ried  f}ind.  The  treatment  must  be  practically  continuous,  but  over- 
must  be  avoided. 

It  Bay  be  hcsun  with  0.15  Gm.  per  day,  increasing  by  this  amount  every  few  days 

s  manun  of  a.}5  Om.,  4  gr.,  three  tinups  daily,  \iesl  on  an  empty  Mnmarh.     If 

~^"  effects  appear,  the  dosage  must  be  tcmporanly  reduced.     When  the  full  thera- 

kctJAD  has  been  reached,  the  do»e  may  be  reduced  to  0.5  Gm.,  7*-,;  gr.  daily,  and 

mry  MCond  da^  for  a  month.     The  ;id mint stnt lion  nuy  then  lie  intermitted  fur 

tfraiM  rnuxncd  in  a  similar  way  when  the  indications  again  arise.     It  is  claimed 

aisenk  (10  to  15  drops  of  Fowler's  Solution  daily)  increases  the  tolerance. 

OrcrdoMge. — This  is  denoted  by  circulator\',  nervous,  digestive,  and 
disturbances,  resembling  superficially  those  of  Graves'  disease. 

ifmfttmt. — These  arc  pulfUalion;  rapid  and  often  irregular  pulse;  vascular  conges- 

niadacfac  and  mu-sde  pains;  trtmofs  of  extremities;  ner^'ousocss;  insommia; 

~  ^rfil^lwfKm.-irritations  of  ^kin;  hyperpyrexia.     I*ol>-phagia,  or  km  of  appetite, 

*'l  *ad  diarrhea.     Sometime  albuminuria  and  giytoAuria.     Scotoma  has 

(Snydacber,  igti).     Vn  fatal  cases,  uncontrollable  vomiting.  colUpsc 

Cnons  are  taid  to  be  more  susceptibli:  to  the  tuxic  eflectrs  <Basinger,  1916). 
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Experimental  Adiniaistratioii.^This  produces  simUor  effecti,  but  the  reu&tance 
varies  grcally  in  tlillej-tnt  animaU,  carnivora;  bring  less  susceptible.  The  mo&t  coD^lsnt 
features  arc  emaciation,  gastroenteritis  and  liinrrhea;  but  no  tachycardia,  nervuu5ne«i 
or  cxupluhiilmos.  Death  may  occur  with  convuhant  or  depressant  symptoms.  Frc»h, 
dried,  or  stale  glands  produce  the  same  effect  (Carlson,  Ronkiiand  McKie,  191 2;  French, 
1911).  H>i)ertroph.ic  ih^Toid  is  less  toxic  than  normal,  in  accordance  with  its  lower  iodin 
content  (Stiiland,  njii). 

Gudcnutsch,  1Q15,  found  that  »rnalk  do»cs  fed  to  rats  tend  to  prevent  conception. 
If  pregniinry  occurs,  (he  youn^;  etthi;r  abort,  or  die  early,  or  crow  less  than  normal^.' 
The  detrimental  results  are  the  same  whether  the  feeding  baa  been  to  the  mother  or 
father  alone. 

"Experimental  Hyperthyroidiam." — Cannon,  Binder  and  Fitz,  1915  and  igi6,  aimed 
to  nraduri!  this  cunditidu  by  {u-iioii  ui  the  plircnic  with  the  cervical  sy m|tatiietic  nen'e, 
beltcving  that  this  would  result  in  continued  stimulation  of  the  sv-mtiatbctic  structures, 
incliidiTi^  l!ie  thyroid.  The  cats  showed  tachycardia  (to  360),  diarrnea,  falling  of  hair, 
sck-roderma,  pruritus,  excitable  temper,  greatly  increased  metabolism,  enlarged  pupils, 
exij|)hl}ij.lmos  and  hypertrophy  of  the  udruiud  glaml!;.  Removal  of  the  thyroid  on  tKe 
fused  side  arrests  the  dt ogress  of  the  disturbances,  and  restores  the  metaboli&m  to  normal. 
TIk- interpretation  of  the  results  requires  further  investigatton.  Trocll,  1916,  stales 
that  he  was  unable  to  obtain  Cannon *n  resulm. 

Imierration  of  Thyroid. — The  gland  is  abundantly  supplied  with  non-medullated 
fibers,  ijrobably  derived  from  the  cervical  sympathetic,  ana  goinc  to  the  cells  as  well 
as  to  the  blood  vessels.  An  action-current  develops  in  the  gland  on  stimulation  of  the 
sympathetic,  high  in  the  thorax,  even  when  the  sujierior  and  recurrent  laryngraU  have  - 
bcencuL  Vagus  stimulation  or  pdlocarpin  does  not  i^cncrale  the  action-current  (Cannoo 
and  Cattcll.  1916). 

On  the  nli\er  hand,  autografts  of  thyroid  show  evidence  of  growth  and  function,  so 
that  the  nervotjs  connections  arc  not  indispensable  (Manlcy  and  Marine,  igi6). 

Sensitization  to  Autonomic  Stimulatiotx. — Injection  of  th>ToiH,  or  in- 
creased secretion  secured  by  stimulation  of  the  superior  laryngeal  ner\'e, 
does  not  produce  any  characterislic  autonomic  slimulation  directly;  but 
it  increases  the  response  to  epinephrin,  splanchnic,  vagus  and  depressor 
stimulation  (Asher  and  Flack,  igio;  Ashcr  and  Rodt,  1912).  Complete 
excision  of  the  thyroid-parathyroid  apparatus  lowers  the  vagus  excita- 
bility (Coronedi,  1913). 

Epinephrin  on  Thyroid  Secretion, — Injection  of  epinephrin,  0.001  to  0.001  mjg., 
evokes  an  action-current  in  the  thyroid.  The  same  result  follows  stimulation  of  toe 
cut  splanchnic;  but  it  is  absent  if  the  odlremJ  blood  is  prevented  from  reaching  the  circu- 
lation (Cannon  and  Cattell,  iQifi).  ' 

Intravenous  Injectioiu. — This  produces  fall  of  blood  pressure  and  slowing  of  the 
heart,  probably  due  to  its  choHn  content  ([A>hniann;  Tuerth  and  Schwarx,  1908; 
FuerUi,  1900;  Schoenbom,  1909).  Pressure  juice  produces  Ultle  effect  in  dogs  and  cats, 
but  marked  collapse  in  rubUils  [Caldwell,  igi;).  These  effect!^  are  not  specific  but  due 
to  proteins,  emboli&m,  etc.  Blackford  and  Sanford,  19:3.  claim  that  the  pressure  fall 
is  much  more  marked  with  extracts  from  toxic  guiter;  ar.1l  that  the  scraof  such  patients 
aiw  produce  marked  cardiovascular  depression.  These  claims  await  contirmation. 
Fawcctt,  Rogers,  Kahc  and  Uecbc,  191 5,  find  that  the  coagulable  portions  of  thyroid 
extracts  (which  contain  most  of  the  iodin)  have  no  effect  on  blood  pressure.  The  fall 
U  confined  to  intravenous  injection  of  the  non-coagulabic  portion,  and  has  no  relation 
to  tbo  iodin  content.  It  therefore  appears  unconnected  with  the  Sfiecific  constituents 
of  thyroid  (they  also  review  the  contradictory  literature). 

SecrdioH  of  Orebrit-sfnnal  Fluid. — This  is  said  to  be  inhibited  by  l}i>Toid  and  in- 
creased by  brain  extract,  independent  of  blood-iiressure  changes.  Other  organ  extracta 
act  only  mechanically,  through  the  circulation  (Frazicr  and  Foct,  1915). 

Thyroid  in  Exophthalmic  and  Other  Goiters. — The  administration  of 
thyroid  is  often  lieneticial  in  goiter;  but  the  active  "toxic"  slagcf.  arc 
especially  susceptible  to  the  toxic  effects  of  thyroid,  so  that  only  very 
small  doses  should  be  used.  The  same  effects  can  be  produced  by  iodids, 
which  are  elaborated  into  the  active  substance  by  the  thyroid  of  the 
patient.    Caution  should  therefore  be  used  in  prescribing  iodin  compounds 
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in  goiter,  especially  where  nervous  symptoms  exist  (Oswald,  1915;  history; 
description,  of  symptoms  and  cases). 

/Tadtfit  of  Goiter. — Anatomically,  thU  may  consist  In  owrgrowth  of  the  rpithcUum 

(l^ypcrpluiaj,  or  of  iJit  colloid.    The  inve^e^gaUoDb  o(  Marine,  1907  to  1913,  indicate 

^hw  Uw  tint  chiuifte  i^  hyperplastic,  the  epithelium  proliferating  to  meet  some  phvsJo- 

~^0^  defidcQcies,  such  as  an  inadequate  supply  of  iodin;  or  esperimentally  the  cxcUion 

*na  part  of  the  ^and.     When  the  deficiency  is  met,  J  A.,  by  the  administration  of  iodln, 

^^ipgUndHUr  chanRcs  re\'ert  into  the  colloid  type.     Tninsplanted  lliyroid  tissue  tcjicls 

^B  ciKtly  ihe  same  way,  by  h>'perT>la9ia  or  involution,  to  removAl  of  thyroid  tissue  or 

y>diB;so  that  the  cbajigcs  ue  evidently  independent  of  the  nen/e supply  (Mauley  aod 

Marine.  1015). 

The  tdatton  of  th»e  changes  to  the  "toxic"  symptoms  of  Basedow's  disease  \^  not 
vndrrsiood;  for  the  symptoms  do  not  occtir  typically  in  animab.  It  is  commonly 
*— UI1H.J  that  lhe*e  "toxic"  symptoms  are  due  to  cxcewive  or  perverted  secretion  of  the 
Ukynid  (hyperthyroidism,  dysthyroidism).  The  evidence  for  this  lheor>'  is  not  con- 
cliMve,  (or  )t  b  based  mainly  on  tlie  resemblance  of  Ihe  clinical  niTvcjus  symptoms 
lo  those  of  Thyroid  feedinj;;  and  on  the  beneficial  results  of  partial  th>-roidcctomy.  Tbew 
'>**y  have  other  explanations,  andarcoppoised  by  the  fact  that  improvement  aUo  follows 
^Jw  fraduated  administration  of  iodld.  (Blackford  and  Sanford,  iQi.t,  assert  the  preft- 
!of  a  potrcrful  depressor  substance  in  the  blood  and  thyroids  of  Basedow  patients.) 

Aatiikyroid  Serums. — These  were  introduced  on  the  hyperthyroidism 
of  Graves'  disease  aa  substitutes  for  operative  removal,  but  had 
a  short  popularity. 

On  the  theor)*  that  Ba.wdow's  disease  consists  in  a  thyroid  intoxication.  Ballet  and 
']iiex  (1894)  attempted  its  treatment  by  the  udminL^tralion  of  Ihc  serum  of  Ihyroi- 
iat4  do^  mpponng  that  these  produced  substances  antaftonistic  to  thyroid  Kccre* 
SfoebJtu  Serum,  Rodagcn  and  Thyroidcctin  arc  prepared  on  this  principle, 
RcttfraSy  from  «hee]>.  Their  oral  admini&trution  sometimes  has  a  palliative  effrct  on 
*ite  aervous  5>Tnptonw  in  mild  cases,  but  probably  no  more  than  simple  rest  and  diet 
B««bc.  1906  aitd  1915,  introduced  a  cytolytic  senim.  Kncouroging  results  n-cre  reported 
*t  first,  but  these  reports  have  become  1»»  frequent. 

Increased  Metabolism. — This  is  one  of  the  most  constant  effects  of 
^kyroid  administration,  occurring  in  normal  animals,  but  much  more 
Wirked  in  the  low  metabolism  of  thyroid  deficiency  (Magnus-Le\7,  1897; 
"uBois,  1914.  The  heat  production  in  Basedow's  disease  is  also  much 
*^vt  the  normal).  The  metabolic  effects  of  thyroid  administration  are 
«b»n  by  increased  excretion  of  nitrogen  (Ord  and  White,  1893; 
Meadei,  1893),  and  carbon  dioxid  and  increased  consumption  of  oxygen; 
*ilh  iaprovement  of  appetite  and  rapid  loss  of  weight  (Leichtenstem, 
'%).  The  first  effect  is  on  fat,  the  proteins  being  drawn  upon  when  the 
Stt  hai  been  reduced  to  a  certain  minimum.  On  a  meat-free  diet,  the 
■itiogen  increase  concerns  especially  the  urea,  ammonia  and  creatin, 
•kilst  the  uric  acid  and  crcatinin  are  very  little  changed  (Rrause  and 
^^'UDer,  191J). 

Studdnsky  and  Kaminsky,  ipis*  state  that  thyroid  administration  iacreases  the 
"Mlaeittion  in  hypo-thyroidlim.  but  not  in  normal  Hiubjecls. 

Oabofeydrate  Metabolism. —This  is  probably  not  influenced  directly  by  the  th>-roid« 
"wiod);  althouf^h  it  is  cliiinied  that  thymidittomizcii  animals  do  not  utili7.e  suitar 
'•I'UCTlrral  administration  a  wcU  as  normal  animals  (Undcrhill  and  Sallti,  190S); 
■wllui  ihev'  du  nut  rtact  with  gtycofiuria  to  some  of  the  procedures  which  arc  ordinarily 
'■«i«e  {Ktne-  1909). 
'■niMt  iJ  Metabolism  fai  Basedow's  Disease. — I^u  Bois,  1916,  considers  this  the 
'^defioiie  feature  of  the  disease.     Heal  production  h  50  per  cent,  above  the  normal 
n.  and  73  per  cent,  in  vcrj'  severe  cases.    The  cxtcssivc  heat  production  accounts 
for  the  tachycardia,  cardiac  enlargement,  emaciation  and  mi^nlal  irritability. 
s  feature  abo  throws  liftht  on  the  efhdency  of  treatment:  Rest  in  bed  for  a.  week 
^faairiAra  the  excessive  heat  production  by  10  per  cent,  or  more;  ps^Yholhcrapy  was 
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also  of  some  value.  Negative  results  were  obtained  with  tfayroidecdn,  X^ny,  thyroid 
"residue,"  ergot,  quinin,  and  B«:be  serum. 

The  high  metabolism  means  that  the  patients  need  tH  to  3  times  u  much  lood  u 
Dormid  individuuta. 

In  cretins,  the  heat  protluction  was  found  20  per  cent,  below  twrmol.  This  wis  cor- 
rected in  a  lew  da)'s  by  thyroid  administration. 

Use  in  Obesity. — ^ThjToid  administration  is  often  strikingly  effective 
in  reducing  the  fat  in  constitutional  obesity  (menopause,  etc.),  much  less 
so  in  superalimentation.  In  any  case,  the  result  is  not  permanent  and 
is  connected  with  the  sometimes  dangerous  effects  described  under  over- 
dosage. Only  small  doses  should  be  used,  under  strict  medical  super- 
vision. The  protein  income  should  be  kept  high  to  compensate  the  loss 
(v.  Noorden,  1915). 

Other  Therapmitic  0ses. — Thyroid  has  been  tried  in  the  folUrwing  conditions,  but 
the  inconstant  results  indicate  that  it  is  probably  useless:  Skin  diseases;  p»oria^  ec- 
zema, lupus,  chronic  rheumatism,  gout,  arteriosclerosis  rickets,  infaiitile  cachexia*, 
hemophilia,  etc. 

I.Arval  Growth  and  Dftvelopment. — Gudi'matsch,  tQia,  made  the  irnpurtant  di»- 
covery  that  feeding  thyroid  to  tadpoles  checks  their  growth,  but  at  the  same  time  hat- 
tens  their  development  into  frogs.  This  has  been  abundantly  confinne<l.  The  activity 
b  proportional  to  the  lodln  content  (Lenhart,  1915).  Morse,  igi  1,  &nd&  that  the  effect 
is  produced  by  all  iodin-containing  fractions  of  the  gland,  whilst  the  nuclcoprotcins, 
lipoids,  etc.,  are  ineffective.  Positive  results  are  also  produced  by  iodothyrin.  ioduted  ty- 
rosin,  iodized  Wilte's  peptone  and  iodized  scrum  proteins;  not  by  inorganic  iodin  or 
iodids,  todi?.e<i  ^tnrch,  iodized  k-cithin,  or  marine  alga:.  The  activity  therefore  apfwus 
to  be  due  to  iodized  amino-add  derivatives.  The  action  probably  conusu  in  increased 
autolysis  and  phiiKocytosis. 

'Hie  nrcscncc  of  tluToid  tissue  .iIm  increases  very  markedly  the  multipltcalioQ  of 
poramecmm  (Noulkon  and  Sbumway;  Budington,  1915). 

Susceptibility  to  Poisons.— The  metabolic  disturbances  alter  the  de- 
struction of  poisons  In  the  body.  In  mice,/./.,  the  toxicity  of  acetonitrile 
is  greatly  diminished,  whilst  that  of  morphin  is  increased. 

It  has  bct-n  ^uggMtcd  that  many  symptoms  of  (iraves'  disease  may  be  secondary, 
due  to  lowtrcd  resistance  against  mctnboUc,  intcsUnal,  or  other  accidental  poisoning. 

Acetonitrile  Test. — Hunt  (1905, 1130;,  190S)  fuund  that  the  administration  of  thyroid 
to  white  mice,  tor  a  few  days,  markedly  increases  their  resistance  to  acetonitrile.  The 
toxic  effects  of  the  kttcr  are  due  to  the  liberation  of  HCN'.  Th>Toid  feeding  does  not 
affect  the  toxicity  of  IIC'N  when  administered  aft  such;  so  that  its  protective  infiuencc 
must  be  due  to  a  retardation  u(  thi;  ractubolic  procewcs  which  convert  acetonitnle 
into  HCN.  In  rata  and  guinea  pigs  it  has  the  oppoate  effect,  increaang  the  toxicity 
of  the  nitriles. 

The  acetonitrile  response  is  a  delicate  and  nearly  specific  test  by  which  a  milligram 
of  active  th>Toid  tissue  can  be  readily  detected.  It  may  also  be  used  for  comparing 
the  relative  acti%'ity  of  dilTccent  thyroid  product*.  Thb  is  found  to  go  par<Ulrl  with 
their  iodin  content.  The  adminLstration  of  iodin  therefore  renders  dogs'  thyroid  more 
active.  The  prompt  increase  argues  that  the  storage  of  iodin  is  the  cau<«,  rather  than 
the  result,  of  the  activity.  Thyroid  in  which  no  iooin  can  be  detected  by  the  ordinary 
chemical  tests,  as  well  us  certain  other  organis,  show  m  very  feeble  activity  (Hunt  aod 
Seidell,  1908),  and  this  may  be  due  to  traces  of  iodin  compound,  which  are  not  rc\'enled 
by  the  ordinar>'  test. 

Trcndcienburg,  1910,  and  Lussky,  191  z,  claim  that  the  blood  of  cats  gives  the  lest 
even  after  removal  of  the  th>Toids.  This  removal  does  not  seem  to  alter  the  response 
of  the  mice.  Application  of  the  tes^t  to  the  blood  of  Basedow's  disease  has  not  given 
conclusive  results. 

£/ff;  of  Pid.— Certain  diela,  dextrose,  oatmeal,  liver,  or  kidney  «l»o  increase  the 
resistance  of  tlie  mice  to  the  nitrile,  as  compared  with  cracker,  milk,  cheese  or  egg  diet. 
This  seems  to  be  due  to  an  action  on  the  thyroid;  for  the  difference  h  diminished  if  the 
thyroids  are  e<cci.->ed;  and  these  glands  prcsL-nl  analumic  changes  (Hunt.  1910,  1911). 

Thyreotropic  lodhi  Compounds. — Other  iodin  compounds  also  have  some  protective 
actiim,  pretiiumably  bv  being  cunveKed  into  the  th>Toid  compound.  None  reach  the 
aamc  activity,  but  tWy  present  interesting  differences.     The  iodin  of  the  scawecfl. 
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blAfidcrwrack,  is  about  loo  times  as  active  as  tht  iodin  of  potassium  lodJd  (Hunt  and 
Seidell,  19'oJ;  ajicl  a  diet  of  seaweeds  increases  the  iodin  content  of  the  glands  (Hunter 
a^nJ  Simpson,  1(^15).  lodothyrin  li:is  11  varying  iRlivily  (nune,  Trcaiddcnburg,  iQio). 
ReaiatanM  to  Mocphin. — Thyroid  feeding  lowtrs  Ihe  resistance  of  mice,  rats  and 
^v^iaea  pijfi  lo  marphm  (Hunt).  Gottli<:b,  1911,  daims  to  iiavc  demonstrated  that 
C-lua  ift  due  to  lest^ened  destruction  of  the  mor|>hin',  and  that  the  ^erura  of  n  Jtas«<luw 
pa-tient  had  a  similar  inhibitor>-  cQccC,  whilst  normal  serum  hastens  it&  destruction. 
A.iZoordiag  to  Olds,  1910,  the  resistiince  to  morplun  is  not  incretued  by  exci^n  of  the 
Cbynrida,  as  might  perhaps  be  expected. 

■  PREPARATIONS — XnVBOID 

IP      *ThyToi4fum  Sicatm  (Thyroid.  Sice),  tJ.S.P.,  B.P.;  Dried  Thyroid.    The  dried  and 

^Dowdered  healthy  thyroid  gl;inds  uf  sheep  (and  other  animals  used  for  food,  U.S.P.). 

Ooe  part  of  the  dried  corresponds  approxitnatc-ly  to  5  parts  of  the  fresh  gland.    The 

B.S.P.  requires  0.17  lo  0,23  per  cent,  of  thyroid  iodin.    Dote,  0,1  Cm.,  i  ^  gr.,  IT.S.P., 

0.O]  to  0.1s  Ctju.,  tj  to  4  gr.,  B.P.     Raw  or  boiled  glands  (>^  to  }^  gland)  have  also 

been  toed,  but  have  no  advantage. 


PARATHYROIDS 


These  small  glands  were  often  excised  with  the  thyroid,  and  their  removal  was  re- 
(poasjblc  mainly  for  the  convulsive  symptoms  and  the  fatality.  Their  functions  arc 
apparently  quite  distinct  from  the  thyroid; /.i,,  they  arc  usually  quite  normal  in 
cetins  (Kousay  and  Clunet,  1910}.  They  were  discovered  by  Saridstroem,  1880,  and 
(bar  physiologic  importance  pointed  out  by  Gley,  1S91. 

ictioiu. — ExoMon  of  the  parattiyroitis  from  dogs  produces  Many.  This  is  tempo* 
(idy  relieved  by  the  injection  of  parath>Toid  extract  or  nudeo-protein  (Beebe,  IQ07), 
and  alio  by  calcium.  This  sugnf^tcd  that  the  glands  arc  conccracMi  wJlh  calcium  meta- 
botiim  (MacCallura  and  Voegtlin,  iqoq);  but  this  does  not  seem  to  be  the  case  ((*ooke, 
1910).  The  antagonism  is  merely  due  to  the  depressant  action  of  calcium.  Strontium 
nd  sodium  chlorid  are  fiimilariy  protective.  The  ammonia  of  the  blood  is  increased 
by  depression  of  the  functions  of  the  liver  {Carlson  and  Jacobson,  101 1).  It  is  doubtful 
vketlier  the  ammonLi  increase  is  an  adequate  explanation  of  the  symptoms. 

Ttie  carhabydralc  loUrauce  is  lowere<l  by  excision  uf  the  parathyroid  (Underbill  and 
HHaditch,  1909).  Injection  of  the  nuclco-protcla  produces  polyuria,  and  dilation  of  the 
popik  (Ott  aod  Scott,  ivoq  and  1410}. 

Destruction  of  the  parathyruid  aUo  increases  the  v^jsoconslrktor  response  to  nicotin, 
epnephrin  and  pituitary,  involving  therefore  the  whole  pfripheral  vasomotor  mechan- 
isB.    This  effect  is  aUo  counteracted  by  cakium  (Ilcysklns  and  Whedon,  1914). 

Puathyroid  hyperplasia  is  produced  in  fowls  by  feeding  with  maize  or  wheat.  This 
^hiadcred  by  calcium,  increa-scd  by  sulphuric  acid  and  neutral  sulphur  (Jfarinc,  1914). 

W,  K  Koch,  lOM,  finds  that  the  removal  of  the  parathyroid  leads  to  the  appearance 
'^yxkhaus  (guunidin,  bistiimin,  etc.)  in  the  urine,  which  may  be  partly  responsible 
^  the  symptoms. 

Therapeutic  Uses. — Parathyroid  has  been  administered  in  tclany  re- 
•titing  from  removal  or  disease  of  the  gland,  perhaps  with  some  benefit. 
It  has  also  been  tried  in  paralysis  agitans  (Berkeley,  1909),  in  infantile 
iiid  gastric  tetany,  eclampsia  and  chorea,  but  the  results  are  so  inconstant 
tWit  is  probabfy  useless. 

r«»f  Actiom. — Morris,  1015,  describes  mental  syraploms  in  a  patient  which  he  is 
hdiied  to  attribute  to  the  prolonged  administration  01  large  doses  of  parathyroid. 
Dcnecated  parathyroid  gutnd  conslsU  of  the  dried  external  parathyroids  of  the  ox, 


J5ft«Dting  about  6  parts  of  the  fresh  tissue.     Average  Dose,  6  mg.,  ^o  gr..  four  times 
™y     Fresh  glands  or  hypodermic  injections  of 


•*"w  results. 


fresh  glands  ha\'e  sometimes  given 


PINEAL  GLAND 


This  is  s  vestigial  remoaot  of  a  nrimitive  domal  eye,  but  presents  some  evidence 
*<BluMlular  structure,  with  sympatnetic  inner\'ation.  It  begins  to  involute  early, 
*^the  seventh  year  in  homo;  but  its  degeneration  is  never  complete. 
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ExtiipatioD  erperimonts  hiive  not  yielded  conclusive  restilu.  The  eariy  effecu  are 
inseparable  from  traumacitim.  There  are  no  Ute  chaDges  in  adult!);  in  youns  animals, 
ablatioa  is  said  to  lead  to  precocious  development  (Sarteschi,  Foa),  but  the  cficcts, 
at  best,  are  not  very  striking. 

Intnyenous  injection  of  extracts  d^Ks  not  have  any  pronounced  action  on  the  circu- 
lation {Dixiin  anti  riaJUburlon,  1900).  It  increase*  ihe  mill:  secretion  in  goats  (Ott 
and  Scott,  191 3). 

Coattnued  Oral  or  Hypodermic  Administration. — This  is  also  said  to  produce  preco- 
cious development,  more  dctinitc  thau  with  ablation  (Dana  and  Berkeley;  AlcCord.i  914). 
The  growth  of  youn);  tjuincii  pi;^  is  hosiencd,  but  docs  not  proceed  beyond  the  normal 
SIM.  Dana  and  Berkeley  used  it  (3  to  6  mg.,  i-jo  to  Jiogr.,  three  times  daily)  in  back- 
ward >'Oung  children  (to  twelve  or  fifteen  ycar^J,  It  had  no  effect  on  gruwlh,  but  they 
claim  improvement  of  the  mental  development.    I'hii  needs  indepeodent  confirmBtioa. 

TTeoplasms  of  the  pinea.!  ^landaresaidtohe  often  associated  with  precocinus  physical 
and  <icxiia1  development.  Only  a  few  cases  are  on  record,  and  the  rdiabiUty  of  the  coa- 
ncction  is  not  established. 


PANCREAS  PREPARATIONS  IN  DIABETES 

The  tmiMrtant  relation  of  the  pancreas  to  carbohydrate  metabolism  encouraged  the 
ht^  that  its  admi  nisi  rati  on  would  be  beneficial  in  diabetes  mellitus.  The  results, 
however,  have  been  essentially  negative,  both  in  human  diabetes  and  experimental 
glycosurias,  however  much  the  experiments,  preparations,  channels  of  adminiMrstioD, 
etc.,  have  been  modified  (Murlin  imd  Kr.imer,  im,.i).  Tlie  exceptional  [K»ilive  results 
may  be  fairly  attributed  to  the  natural  variations  in  the  clinical  course;  whilst  the  experi- 
mental results  (such  as  those  of  Zuelzer.  icjoX)  fall  within  Ihe  limits  of  ordinar>'  varia- 
tion (Jarohy,  Exp.  Ther,,  p,  t  15).  The  h^'pothctical  internal  secretion  of  the  pancreas 
can  not  therefore  be  uli1i/.cd  tberapeulically. 

Intravenous  Injection  of  Dextrose. — Kleiner  and  Meltzer,  1915,  find  that  the  Tt>- 
toration  of  the  normal  level  of  blood-sugar  requires  twice  as  long  as  normal  in  an 
animal  whose  pancrcus  bus  been  removed.  They  claim  that  this  delay  is  pre- 
vented by  nanrrrni.-emul.'iinn,  and  that  this  also  diminishes  the  spontaneous  hyper- 
glycemia 01  pancreatectomy. 


SECRETIN 


Pawlon  showed  that  the  presence  of  add  chyme  in  the  duodenum  is  tlie  Donnal 
stimulus  to  the  secretion  of  pajicrcatic  juice.  It  was  later  shown  that  this  is  not  due  to 
a  nervous  reflex,  but  to  the  production  of  a  peculiar  substance  "secretin,"  which  maybe 
prepared  artificially  by  macerating  the  duodenal  or  jejunal  mucosa  with  dilute  acids, 
soaps,  etc  (liayli»s  and  StarUng,]^o3);or  by  contact  of  these  or  of  irritants  with  the  li\-inf 
murosa.  Secretin  does  not  exist  as  such  in  the  mucosa,  but  h  formed  from  an  insoluble 
"prosecretin."  Secretin  h  identitied  by  causing  a  marked  How  of  normal  pancreatic 
juice,  when  Ihe  neutralized  and  boiled  fillniU-  is  injecteiJ  inlravenously.  (An  exten- 
sive review  of  secretin  i?  given  by  Carlson,  Lebensohn  and  Pearlman.  1016.) 

Kfttiure  and  Propeities-^Sccretin  is  soluble  in  water  and  dilute  alcohol  (70  per  cent.); 
insoluble  in  absolute  alcohol,  ether,  etc.  It  is  fairly  readily  destroyed  by  acids,  alkalies 
or  oxidation;  and  by  the  digestive  ferments  (Carlson  el  al,  IQ16).  It  has  rK>t  beeo 
isolated  pure;  none  of  the  known  constituents  of  the  extracts  produce  the  characteristic 
effect.     Barger  believes  thiit  it  is  probably  an  organic  base. 

Actions.  Inlravrnou»  injection  of  secretin  stimulates  the  flow  of  pancreatic  juice, 
bile  and  surcus  enti-rifiis.  but  not  of  the  ofher  diyostive  secretions;  nor  do  extracts  ol 
other  portions  ihan  the  small  intestines  produce  the  sccretorj*  effect.  The  secretion  b 
accompanii-il  by,  but  not  caused  by,  vasrHiilal  ion.  The  pancreas  ii.  not  readily  fatigued, 
the  flow  being  undiminished  after  eight  hours  of  continuous  injection.  Similarly, 
repealed  injections  of  equal  doses  give  an  identical  response.  TTie  flow  is  not  afTected 
by  anesthesia. 

Clinical  Inefficiency. — Moore.  Edie  and  Abrom,  iqoC>,  suggested  the  admiiustralioo 
of  secretin  .tRain^.!  iFiahrtes.  Subsequent  workers  have  shown  that  it  has  no  cfiect 
(Bainbridgc  and  Keddard,  i5>o6;  O.  I-ocb  and  Stadlcr.  1914).  It  was  al*o  tried  against 
digestive  disordcrg.  with  equally  inconclusive  results.  This  .igrees  with  the  Mientibc 
data:  In  the  first  place,  it  has  not  been  shown  that  prosecretin  is  deficient  in  any  clinical 
condition;  secondly,  the  oral  administration  even  ol^ enormous  doses,  is  quite  ineffective, 
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lis  lapidty  destroyed  by  Oicdigolivc  juices  (Carlson).     Even  the  hypodcr- 
liltiatioa  is  iiuctive  (Matiuo,  iQii;  lUIUon,  iQt3}.     Ktnatiy,  the  commercial 
pupinlioili  flo  Dot  contain  secn.-tiii,  presumably  because  it  is  too  uostaUe  (Carlsoo). 


\ 


PHLORHIZIN 

General  Statement. — This  glucosid  produces  a  unique  glycosuria  by 
stimulating  the  kidneys  to  the  excretion  of  dextrose,  with  polyuria  and 
aatODuria,  leading  to  loss  of  sugar,  and  thus  lo  the  production  of  sugar 
from  proteins,  greatly  increased  excretion  of  nitrogen,  etc.  The  phenom- 
ena arr  of  great  scientific  but  of  no  therapeutic  importance  (Critical 
Rcttcw,  G.  Lusk,  1912). 

Phbfhia'B  was  isolated  by  Koniuck,  1835,  from  tlie  root-bark  oS  apple,  pear  and 
foaiiu  Itws.  Stas,  iSjg,  showed  it  to  be  a  gIuco«ld,  dcconnposed  by  aad  hydrolysis 
lalo  dextrose  and  phlorctin;  and  the  latter  again  into  nldorctinic  acid  and  |i]ilurw};Iudn. 
T^  (iurtclcristic  gljxosuria  wa*  discovered  by  .Mcrmj*,  1X86.  It  ha.^  been  produced 
U  ill  nrlebnles  tried :  mammah,  birds,  frogs  and  rci>lile3.  The  phlorhizin  is  excreted 
n>  the  nost  part  unchanged  (f'ietkicwicz]  within  two  days  (Prau-snitz).  The  glyco- 
Biiii  ainlads  tiic  excretion. 

TbeuQoantof  glucose  in  the  urine  may  be  very  hijBih,  above  i}  percent.  It  pendsis 
^*>mn]  houre  after  a  single  injection,  but  mav  be  prolonged  indefinitely  at  its  nighest 
«0W,_  by  idministcrin^  i  Gm.  of  the  glucosid  per  kilo  of  body-wdght,  by  mouth, 
wwiiaits  a  day.     Larger  do-^cs  do  not  increase  the  glycosuria. 

Ike  Gljcosurift  is  not  Pancreatic — The  sym[itoras  after  phlorhizin  resemble  those 
''pucnaiic  diabetes,  but  Uicir  mechanii^m  a  in  fact  totally  unrehtted.  The  most 
^"^jli  difference  is  the  absence  of  hv-pcrglycemia.  With  phforhiun,  the  sugar  uf  the 
""•dfijfinunjihcd  (Mering);  if  the  kidneys  are  excised,  or  the  ureters  lied,  the  blood- 
^WttBuiati  normal  (Minkowski;  Schabad,  1891.  According  to  Underhilt,  1913,  it 
^if^tt.  Indicating  overproduction  of  sugar,  but  this  pla)*!  at  most  a  minor  part). 

at  Mka  is  ResaL — It  is  ci-idcnt  from  thc5c  cxnerimcnts  that  the  glycosuria  is 
***>«BtiaUy  to  more  reaily  elimination  of  siigivr  by  I  lit-  kiiineys.  The  effect  is  periph- 
*%  fof  it  occurs  after  destruction  of  the  miKlulla  and  cord,  and  after  section  of  all 
1^  flfTvcs  (Trey).  If  the  phlorliixin  is  injected  into  one  K-nul  arlfry.  glycosuria 
*tvi  JQ  this  kidney  and  not  tn  the  other  (ZunLz).  Mosberg  found  by  the  Nussbaum 
"'^''BiBmt  that  the  sugar  excretion  occurs  in  the  tithuJcs.  Nishi  found  that  the  cortex 
*"Jw»imore  5Ugar  than  the  medulla,  whilst  the  reverse  holds  normally.  Histologic 
^Uii  have  also  been  described  in  the  renal  epithelium.  Carmin  and  mcthylen  blue, 
•"ijitiealsoeicreted  by  the  tubulc^i,  may  suppress  the  glycosuria, 

ilepicrctionof  sugar  is  proportional  to  the  activity  of  the  kidneys;  it  U  diminished, 
^''•tinfe^  when  one  kidney  is  eicised,  and  increases  ngain  as  the  remaining  kidney 
^pBlopUci  (Schilling.  1904).  The  givcosuria  is  said  to  be  diminishc<l  in  part-nchy- 
^y—aephrilBi  and  the  injm:tion  of  plilorhi^in  (phlorhizin  te»t.  5  ton.  in  warm  water, 
"fMmtncaliy)  has  been  proposed  as  a  means  of  diagnosis.  'liie  result,  however,  is 
"iilttiiive  in  either  sense. 

Oiker  Renst  Functions. — I>iurcsis  occurs  (Frey,  1906;  Loewi  and  Xeubauer,  1908), 
tpvnaublvasa  result  of  the  glyoKiiria.  The  excretion  of  I  he  other  solid  rnnstituents, 
i^«itpMtcm*etc.,Bbows  no  constant  abnormalities.  The  milk  after  phlorhizin  contains 
l^Rsntal  amount  of  lactose,  and  no  dextrose.  Traces  of  sugar  appear  nlsu  in  the 
i^&Uind^gtric  and  paocrcatic  juice  (K.  G.  Pcarce,  1916). 

^Mn  ti  Ul«  Actioa. — This  is  not  understood.  Merbg  assumed  a  mere  increase 
^Vpenneabtlily  of  the  renal  lcIK;  but  this  is  nottfae  wboleesplaruition:  l^vaic,  fJ., 
I  ^^  Dore  sugar  in  the  blood  of  Llic  renal  vein  than  in  that  of  the  renal  artcr>'.  Min- 
l*'*iUttig;{tstcd  that  the  phlorhizin  acts  as  agluco«idal  vehitle,sptittingorriL>t^ug3rin 
['■tUdneys,  and  again  taking  up  AUgar  from  the  tissues;  but  tlic  cjuantity  u(  liugar  ex- 
j™l*d  when  pblorhizJD  is  injected  into  the  renal  artery  speaks  against  this  view, 
|_  ^"y,  Brodic,  and  Siau  (1903)  have  shown  that  the  quantity  of  sugar  which  is 
^wUg  when  Ok  other  abdominal  viscera  are  excised,  exceeds  the  quantity  of  sugar 
yfc  <flnppean  from  the  blood,  and  that  which  could  be  derived  from  the  limited 
PftBt^n  H...-.11  ,.('  tVi..  >nuscle. 

Tl':  i  ililurhiiin  causes  the  kidneys  to  assume  the  function  of  forming 

XW  >  -  of  the  blood,  and  of  secreting  this  into  the  urine,  i.r.  a  (unction 

"ktlqfoua  lo  that  (i(  the  mammary  glands.     They  supiMMted  that  the  sugar  of  the  blood  es- 
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ists  in  loose  and  firm  combiimLlon  with  the  blood  proteins ;  the  ptUorhmo  causes  the  1cidiic>* 
to  secrete  first  the  lou^cEy  conihineij  suear;  and  when  the  supply  of  this  faiU,  tht^  urnier 
combination  is  uttackvd.  The  &tock  of  carbohydrates  in  the  oody  therefore  disappem 
lirel,  although  some  glycogen  is  retained  very  persistently  (Mering),  even  in  lastinc 
(Sansum  and  Woodyatt,  i<jis).  With  pcreistent  administration,  the  suRar  Is  derived 
from  the  carbohydrates  of  the  food;  and  if  these  arc  excluded,  from  the  proteins.  Ex- 
cision of  the  liver  (Eck's  fistula)  does  not  influence  the  Rlycosuria  (Foster,  iqi  2), 

In  complete  phloihiziu  poisoning  the  ability  to  oxidise  su^ar  is  ai.«o  impaired,  to 
that  destrosc,  when  injected  h>'podermicaIly,  is  completely  escretwj  (Stiles  and  Lusk). 

Liver-glycogen. — Phlorluzin  docs  not  mobilize  the  clycoRcn  directly,  but  only  as  s 
result  of  thL-  hypoglycennia.  On  the  contrary,  when  the  khlneys  are  excluded,  phlor- 
hizin  leads  to  a  rc-accumulation  of  hepatic  glycoj^n.  Since  there  is  no  hyperglycemia, 
it  appears  that  phlorlilzin  stimulates  diroctfy  the  synthesis  of  RlycoRcn.  When  the 
kidneys  are  ijitact,  this  action  is  overcome  by  the  Kl>xosuria  (Kptcin  and  Bochr,  1916). 

D  +  n  Ratio. — In  the  urines  of  dcpancreatcd  do^s,  fasting  or  fed  on  meat  or  fat. 
Itlinkowski  found  that  the  weight  of  dextrose  divided  by  the  weight  of  nitrogen  gave  a 
constant  ratio  oC  3.8.  This  sign! Qcs  that  45  per  cent,  of  theprotein  molecule  ts  excreted 
as  dextrose.  A  ratio  greater  than  this  shows  Ihat  wme  of  the  sugar  ("extra-sugar") 
is  derived  from  other  sources.  Phlorhiran  produces  the  3.8  ratio  in  fasting  rabbits.  caU 
and  goats,  after  the  "extra-sugar"  has  been  flushed  out.  In  dogs,  the  ratio  is  3.6?. 
so  thai  5R.7  per  cent,  of  the  protein  is  excreted  as  dextrose.  This  ratio  is  also  found  to 
acute  human  diabetes. 

Sources  of  the  Sugar. — FccHing  with  meat  or  gelatin  increase*  t  he  dextrtjse  excretitm, 
but  leaves  the  ratio  unchanged,  showing  Ibat  their  conversion  into  sugar  takes  the  ordi- 
narv  course,  (ilycocoll,  alatitn,  leitcin,  asparaginic  acid  and  glutaminic  acid  are  more 
or  less  completely  converted  into  dextrose.  The  following  arc  also  converted  and 
excreted  as  dextrose,  and  therefore  raise  the  D  -^  N  quotient:  Icvulose,  lactose,  d-lactic 
acid,  (^yccrin,  glycctnic  acid,  propyl  alcohol.  Feeding  with  fat,  ethyl  or  butyl  alcohol 
and  lyrosin  have  no  influence,  so  that  no  dextrose  can  be  formed  from  these  sources^ 

Total  Metabolism. — The  calorics  lost  by  the  glycosuria  arccompcn.'yited  by  increawd 
nitrogen  metabolism,  the  fat  metabolism  remaining  unchanged.  In  fasting  animaU  the 
N  excretion  may  be  increased  to  four  or  five  times  above  hunger  alone  (fteilly,  N'olan 
and  Lusk). 

Acidosis.^In  slar\-iag  animals  phlorhizln  jiroduccs  fatty  changes  In  the  liver,  with 
inrreascti  t-xcretioQ  of  ammonia,  beta-ory butyric  acid  and  acetone  substances  (Mcring). 
This  is  prevented  if  plenty  of  carbohydrates  is  given  (Moritz  and  I'rausnitz).  It  b 
increased  by  the  ingestion  of  butyric  acid  or  butler-fat.  These  changes  are  analogous 
to  those  caused  by  other  agents  producing  inurdinate  protein  metaboUsm. 


KIDNEYS 


There  is  no  j|;ood  evidence  for  or  against  the  formation  of  an  internal  secretion  by 
the  kidney  (Cntical  Review,  Pcarce,  190S).  Injections  of  kidney  extracts  produce 
blood'prcssure  changes  (i'earcc)  corresponding  to  the  urine  in  them.  Therapeutic&Uy, 
the  administration  of  kidney  preparations  has  heen  tried  in  chronic  nephritis,  without 
convincing  results.  A  few  apparently  favorable  cases  are  described  by  Formlnck  and 
Eisclt.  1907. 

Foiter,  iQr.^;,  claims  to  have  isolated  a  crystalliiable  toxic  substance  from  the  blood 
of  uremic  patients,  which  is  not  present  in  m>rmal  blood. 


RED  BONE  MARROW 

This  contains  lecithin,  hemoglobin  and  other  organic  iron  compounds.  GI)*ceriD 
extracts  have  been  tried  in  anemias,  to  stimulate  the  profluction  of  corpuscles.  The 
results  arc  not  onvincing.  The  extracts  also  contain  pressor  and  depressor  principles 
(O.  U.  Brown  and  Guthrie,  1905;  Brown  and  Joseph,  IQ06). 


PRESSOR     AND      DEPRESSOR     PRINCIPLES     IN     ANIMAL 

EXTRACTS 

All  glandular  organs,  and  perhaps  all  Animal  tissues,  contain  both  pressor  and  depres- 
sor substances.  The  pressor  princvplcs  predominate  io  saline  eil'acts  made  at  ordinary 
temperature,  but  arc  often  destroyed  by  boiling.  The  drpre«<«or  sulntanccs  arc  solubk 
in  saline  solutions  and  in  alcohol  or  ether.    They  are  not  identical  with  choUa  (Swale 
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Vmcent  and  Sheen,  i^oy,  Fawcett,  Beebe,  ec  al,  1015}  and  are  probably  more  nearly 
olfied  to  the  "jMrplone"  and  similar  cBecta.  Inorj^amc  constituent  may  also  play  a 
part:  expressed  heart-juitc,  f.i.,  dtprcssts  cardiac  actiWty,  simply  by  its  potassium 
cuntmt  (Miideod,  1007^- 

Oborotd  Extract. — This  produces  a  spcci&c  increaae  in  tbe  flow  of  cercbro-apinat 
thiid  (Dixon  and  Halliburton,  iqm)- 


THYMUS 

As  this  gland  is  believed  tohavesomu  relation  to  growtuaiidlo  the  Uiyroid  apparatus, 
it  has  been  used,  but  vrith  vcr>-  doubtful  results,  in  t'lrave*'  dUeasc,  ritkcls,  mbertulns-is, 
bcmophilin,  infantile  atmpliyand  marasmus.  Boiled  extracts  increase  the  milk  secrc* 
lion  in  ^nats  (Ott  anj  Scott,  luii).  Other  lymph  glands,  spletn,  etc.,  have  also  been 
onployed  in  obscure  cotulitiona. 


NUCLEOPROTEINS,  NTJCLEINS,  AND  NUCLEIC  ACIDS 

Chemistry. — These  terms  arc  often  applied  so  loosely  and  incorrecily  to  the  uommer- 
dalproduc  s.  that  it  may  not  bcamisstoTcview  briefly  tbctr  meaning.  NucUoproteins — 
vhicb  occur  mainly  in  nuclear  material — are  natural  compounds  of  nucleic  acids  and 
proteins.  By  peptic  dijfestion  or  dilute  acids,  a  fraction  of  the  protein  may  be  split  n<T, 
resulting  in  modified  nuclco-prolcins.  correspondingly  richer  in  nucleic  acid.  These 
are  ternwd  HucMnf.  They  contjiin  alxiut  5  prr  cent,  of  organic  pbosplioruf.  The 
tcroainder  of  the  protein  component  can  be  removed  by  tryptic  diRcation  or  alkalies, 
yWdinji;  the  true  nudric  artds.  These  are  definite  cliemic  substances,  their  composition 
varyinf;  according  to  the  tissues  from  which  they  have  been  obtained  (as  does  also  the 
protein  constituent;  so  that  the  difTcrent  products  arc  not  identical.  Their  composition 
ap(»oximate$:  C«o  Hh  Nh  Ojj  I',;  the  atomic  ^.^lio  of  P:  N"  lying  between  4: 14  to 
10.  Commfrc\al  nucJcie  odds  are  often  contaminated  nith  more  or  less  nuclcin,  as  may 
I*  readily  shown  by  the  biuret  or  Milloii's  reactions.  They  are  usually  prepared  from 
yeast,  hut  alio  from  th>*Tnus.  pancreas,  spleen,  the  sperm  of  certain  fishes,  and  the  em- 
br)'o  of  grain.  Nudeins  and  nucleic  adds  have  fairly  strongly  add  characters.  They 
UeiDwluble  in  water,  but  fnrm  soluble  salts  with  dilute  alkalies. 

Digestioa  and  Absorption. — Xucleic  add  passes  the  stomach  unchanged.  It  Is 
pwtly  split  in  the  intt-stiia-s,  with  the  liberation  of  pbospborid  acid,  but  not  of  purins. 
A  further  part  is  presumably  iplit  during  absorption  (bibliography,  Forbes  and  Keith, 

Actions  and  Uses. — On  hypodermic  injection,  they  increase  the  number  of  all 
varieties  of  circulating  leucocytes;  and  it  Is  now  claimed  that  they  also  raise  the  opsonic 
ittdes.  They  have  therefore  been  used  in  tuberculosis  and  other  infectious  disea.se3 
(QiaBlemessc,  1007),  but  their  value  Is  very  problematical.  They  have  even  been  ad- 
Biiuitered  by  moulh.  The  benefits  to  beexpected  can  be  judged  oy  the  fact  ihal  100 
po.  of  ordinary  moist  meat  contains  about  0.03  gm.  of  pho&phonis(KossH,  1S83)  corre- 
^toDding  to  a.3  gm.  of  pu'c  nuclcir  acid;  Ihesame  quantity  of  moist  liver,  spleen,  or 
puctees corresponds  to  about  3  gm.  of  the  pure  add;  whilst  the  nral  dose  of  the  impure 
wdda*  ts  stated  at  only  0.06  to  0.3  gm.  (Bibliography,  Merck's  Rep.,  io>4,  '7  :  •). 
.  "Hienacleins  are  excreted  as  purin  bases  and  uric  acid;  so  that  they  are  contraindicnted 
™  pwty  and  rheumatic  conditions,  etc.  The  phnsphtae  elimination  is  also  increased. 
^  KceptaUe  commercial  preparations  arc  Usted  in  N..N.R. 


YEAST  ("FjEX  MEDICINALIS") 

TUl  haft  been  recommended  as  a  bactericide,  etc.,  .igainsi  funinculosis  (by  mouth 
yl  locally^;  in  gastroenteritis  (i  to  3  gm.  p.d.J;  tonsillitis  no  to  ao  gm.  p.d.);  gonor- 
™«1  vtginilis  (.\btaham.  1910);  in  akin  diseases,  burns,  etc.  Mort  extended  olwerva- 
^•tre  needed  to  establish  its  value.  T^uru.  1909,  maintains  that  the  bactericidal 
*%ctt<]q>end  upon  the  products  of  fcrmenution,  adds,  alcohol,  etc.  Abraham.  1910, 
••iw*  this  explanation. 

^  Tem  Vitamin.- -Ordinary  yeast  is  a  convenient  source  of  "Vitamin."  or  of  the 
Witer-Mhihle  B"  I'McCoUam,  Simmonds  and  Pitz,  1016),     The  preparation  of  a 
''•fainted  adsorption  product  is  d«■^c^ibed  by  Seidell,  igi6. 

Veast  is  effidcnt  asainst  beri-beri,  and  againAt  experimental  rice  polyneuritis;  but 
"I**  BO  effect  on  infantile  scurvy  (Hess,  1916). 
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SEXUAt  GLANDS 

Specific  internal  secretion*  of  these  glands  are  concerned  in  the  production  of  the 
"secondary"  $esual  chiiracters;  and  in  the  cycles  of  menstruation,  pregnancy  and 
laclalian.  For  many  of  ttiese  phenomena,  however,  the  continuous  functionation  of 
the  glands  i»  situ  is  necessary;  the  therapeutic  administration  of  the  glands  in  sub- 
stance or  extracts  has  therefore  been  only  of  limited  value. 


ORCHITIC  EXTRACTS 
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Brown-Sequard,  1889,  announced  that  h>-podermic  injections  had  remarkable  stimu- 
lant qualities.  Scns^ilionul  cxpLoitaiion  brought  hl^  claims  into  rapid  discredit,  and 
the  cxtracl  is  now  scarcely  t-mpiuyed.  The  most  marked  ff(w.t  is  said  to  be  an  increase 
nf  15  to  10  per  cent,  in  the  cApacity  for  vfjliinLir>'  muscular  work  (ergograph). 

Ihii  action  has  been  attributed  by  Pochl  to  the  base  sptrmin  (C»HnN>).  While 
this  is  especially  abundant  in  this  extract,  it  alM  exists  in  niany  other  tK«ues.  It» 
actions  on  the  heart  and  circulation  resemble  those  of  ckffiin,  which  is  also  present  in 
the  orcliiUc  extract.  Its  phosphate  forma  the  "Charcot-Leyden"  crj-stals  found  in 
sputa,  etc.  The  action  of  the^e  substances  is  supported  by  a  nudeoprotein,  which  cauMl 
a  slowed  heart  and  fall  of  blood  pressure  through  stimulation  of  the  vagus  center,  and 
dilaUlion  of  the  splanchnic  vessels,  also  thmujih  the  center.  The  orcWtic  extract 
applied  to  the  isohled  heart  (Porter  and  Lanj^cndorff  method)  shows  bcreasc  in  force 
find  frequency.  Tbo  excised  uterus  shows  slight  stimulation.  Prostote  tiCXs  mote 
enerKcticaLly  (Ott  and  Scott,  1Q09}.  The  metabolism  is  increased,  but  not  a:i  much  as  by 
ovarian  extract. 


OVARIAN  EXTRACTS 
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This  has  been  given  for  the  relief  of  the  symptoms  which  follow  the 
natural  or  artificial  menopause.  It  is  difBcult  to  say  how  far  the  rather 
inconstant  benefit.s  are  psychic.  The  most  favorable  results  have  been 
reported  in  postoperative  menopause  in  young  women. 

The  so-caiied  "cndumetritis  glandularis"  is  really  a  menstrual  exagKeration. 
ably  of  ovarian  origin,  due  to  an  atypical  course  of  the  Iiitcum  priiduction;  most  fikdy 
to  occur  at  puberty  aJid  the  climacteric  (Wagner,  1915). 

Bencfiirial  results  are  also  claimeil  in  some  ca^es  of  amenorrhea  with  chlorusis.  Ex- 
perimentally, it  has  little  cfToct  on  norma!  animals;  but  when  oxidation  haa  been  de- 
f>ressed  by  castration,  in  bitches  and  fomewhat  in  dogs,  il  is  restored  to  the  oonnal 
evel  nr 
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above  by  the  administration  of  ovarian  extract. 
The  kvenge  daily  doM  of  the  dried  ovar>-  (bog)  is  0.5  gm.,  74  £<■ 


CORPUS  LUTEUM   (LUTEIN)' 


d 


This  i»  used  similarly  to  Ovarian  Extract  (Fraenkel,  1903;  McDonald, 
1910;  Burnam,  1912)  and  is  supposed  to  produce  more  certain  eflfccts.  M 

The  specific  effects  of  the  corpus  luteum  on  the  sexual  cycle  are  not  secured  byc9 
tracts  (L.  Locb,  1910  and  ipii).  Injecuons  arc  slightly  gaiactogogue  in  goats  (Ott 
and  Scott,  tgio;  Sfhaefer  and  Mackenzie,  igii).  They  start  bypcrtrophy  of  the  mam- 
mary gland  and  lactation  even  in  virgin  rabbits  (Ott  and  Scottf  1914I.  Intravenous 
injection  lowers  the  blood  pressure  (Villemin,  1910}. 

The  average  daily  dose  uf  the  dried  substance  is  ai  gm.,  iH  gr. 

Dannreuther,  tc)i4,  use«  the  blood  pressure  as  a  guide:  this  should  fall,  not  to  exceed 
15  mm.  This  usually  requires  0.3  gm.  of  the  dried  substance,  three  time^  daily.  Ha 
believes  thiit  the  corpora  of  pregnant  ovartc*  are  much  more  cffrttive;  but  McConl, 
igt4.  claims  that  unoer  slaughter-house  conditions,  at  least  90  per  cent-  of  the 
of  imliscriminately  collected  material  would  be  from  pregnant  animals. 

'  Tbi»  luma  ii  pcculiiily  nnfortanate,  since  it  harl  previously  brm  nppli«d  to  the  yvltai 
Rutt«r  of  ocn. 
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This  has  been  ui«(l  ognin-st  exce^j^tvc  menstruation  Idtily  do«e,  i  gm.,  15  f^r.,  of  the 
dried  gland).  Extracts  increaiie  the  movements  and  the  lone  of  the  cxti:*ed  uterus 
(Ott  2nd  Scott,  1909)  and  are  somewhat  galactagogu^,  but  not  in  human  (Scbaefer  and 
Mackenzie,  1910). 


ERGOT 

General  Statement. — Ergot  (Secalc  cornutum)  is  a  fungus  {Claviceps 
purpurea)  growing  in  the  grain  of  cereals,  the  official  being  obtained  from 
rye.  The  fungus  goes  through  several  stage*  of  development,  the  resting 
stage  (sclerotium)  constituting  the  drug.  It  is  used  mainly  to  contract 
the  uterus  (by  peripheral  action)  and  thus  check  postpartum  hemor- 
rhage. It  also  stimulates  other  forms  of  unstriped  muscle,  especially  the 
intestine  and  blood  vessels.  The  consumption  of  grain  infested  with 
ergot  leads  to  gangrene  and  spasmodic  effects.  Epidemics  of  this  "ergot- 
ism" were  formerly  frequent  and  must  have  occurred  in  antiquity,  al- 
though the  causal  connection  was  not  recognized.  It  is  now  very  rare 
in  civilized  countries,  the  ergot  being  removed  by  the  modem  methods  of 
treating  the  grain.  The  uterine  effect  was  learned  from  midwives  and 
is  first  mentioned  by  Lonicer,  1565.  Its  use  in  regular  medicine  dates 
practically  from  Stearns,  1807  (N.  Y.  Med.  Repository). 

Ajctive  Constituents. — T!ie  composition  of  ergot  is  complex;  several 
active  constituents  have  now  been  isolated  in  pure  form.  The  most  im- 
portant are  the  alkaloid  Ergotoxin,  several  aromatic  amins,  especially 
T>Tamin  and  Histamin,  and  cbolin  derivatives.  The  numerous  names 
applied  to  these  and  to  impure  mixtures  render  the  literature  very 
confusing. 

Ergotoxin  or  Hydroergotinin,  C8*H4iN606,  an  amorphous  alkaloid 
occurring  in  alcoholic  extracts.  It  is  responsible  for  the  characteristic 
action  on  the  cock's  comb  and  is  concerned  in  the  uterine  and  vascular 
eifects.    It  is  rather  unstable  and  by  loss  of  UiO  changes  into  its  lacton: 

Er^otinin  or  Ergotin,  CaallsftNtOi,  a  crystalline  alkaloid  with  very 
weak  actions. 

Both  alkaloids  exist  ready-formed  in  ergot,  hut  can  be  easily  converted 
into  each  other  by  chemical  means  (Barger  and  Ewins,  1910).  UoLh  are 
insoluble  in  water  and  petroleum  ether,  sparingly  soluble  in  ether,  and 
rcadliy  soluble  in  most  other  organic  solvents.  Ergotoxin  is  easily  soluble 
in  cold  alcohol;  crgotinin  but  sparingly.  They  dissolve  in  dilute  NaOH, 
but  the  ergotinin  is  partly  converted.  Their  salts  form  colloidal  solutions 
with  water,  but  these  are  precipitated  by  electrolytes  (salts  or  mineral 
acids) . 

Tymtnin,  Ergotamin,  utcramin,  or  para-hydroxyphenylethylamin: 
this  is  closely  related  to  epinephrin  in  structure  and  action.  It  is  mainly 
responsible  for  the  pressor  effect,  and  is  not  concerned  in  the  uterine  action. 

Bistamin,  Ergotidin,  Ergamin,  beta-iminazolyl-ethylamin,  4-bcla- 
aminoelhylglyoxalin :  lowers  the  blood  pressure,  and  stimulates  the  ex- 
cised uterus  powerfully. 

.\  number  of  other  aiomaiic  amins  occur  casually;  such  as  agmaiinf  Ruanidobuly- 
lunin  (EnKelund  and  KutM:hcr,  iqio),  which  has  a  woUc  stimulant  fiction  oa  the 
cxdaed  uterus;  isoamylamio,  etc. 
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These  aromatic  amins  are  also  produced  in  the  putrefaction  of  meal, 
and  in  ihe  intestinal  tract,  and  have  been  prepkrctl  synthetically.  They 
are  generally  insoluble  in  ether  or  chloroform,  readily  soluble  in  water, 
precipitated  by  phosphotungstic  add.  ChemicaUy.  they  are  derived 
from  the  amido-acids  by  the  elimination  of  CO3. 

R 

ithus  becomes  R 
H.KH|        '  1 

I  CH,NH.  +  CO.. 

COOH 
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In  this  way,  Tyramin  is  prepared  from  Tyrosin;  Kistamin  from  Histidin^ 
Ai?matin  from  Arginin;  Isoaraylamin  from  Ijeucin.  An  authorative  dis- 
cussion is  contained  in  Ilarger's  "Simpler  Natural  Bases,"  1914, 

Acetyl  Cholin. — This  was  found  in  ergot  by  Ewins,  1914.    U  is 
sponsible  for  the  cardiac  inhibition. 

Investigations  of  Uie  Composition  of  BrgoL — A  Urnc  number  of  ccnsiiiitemts  hu 
descrilH-d  In  crgol:  Alkaloids,  amins,  reshiuus  actd»,  glucodids.  betaiQ,  and  choUn,  fal 
(ts  [)LT  ucnt.J,  some  pctuUar  sujitars,  culoring  matter,  etc.  The  red  ptgrnent  (Scitrtry- 
thrin)  it  important  for  discoveriag  the  presence  of  ergot  in  bread. 

'rhcre  has  been  much  animated  cUsctis^an  as  to  llie  rdlu  uf  the  scvetol  coostitucnU 
in  the  actions  of  the  drug,  and  the  m.itt«r  is  not  yet  altof^thcr  decided.  The  confuiiam 
of  the  older  literature  is  explained  partly  by  the  instability  of  the  principle,  but  maioK 
by  the  difficulty  of  isolating  them  pure.  The  impurities  alter  their  char,-icters  suffi- 
ciently 50  that  successive  invesiigators  have  repeatedly  described  the  same  principle, 
somewhat  dilTer«itly  conlaniinaLed,  ;is  different  subslaiices.  PhysioloKic  actions  have 
been  aAcrib«{]  to  substances  which  these  owed  solely  to  their  contaminauoiis. 

Thf  minicrn  concrplions  date  m.-i.in1y  from  the  work  of  Barger,  Carr  and  Dale,  1006 
and  1907,  on  the  isolation  of  the  crt*ot  alkaloids.  Their  papers  also  ffivc  the  htslorical 
detaiU.  By  the  di^iKovery  of  the  crystalline  phosphate  01  ergotoxin,  they  succeeded  fot 
the  &rst  time  in  preparing  this  principle  uncontamioated;  and  in  detcrmlmng  its  proper- 
ties and  itjs  relation  to  crRotmm.  which  Tanret  had  isolaLed  in  1875.  Kraft,  i<>o6, 
arrived  independently  at  the  same  results.  Dale  found  that  the  er^otoiin  producet 
the  characterUlic  cfleits  of  crKot.  Barker  and  Dale  also  showed  that  the  aVVfflnj^fl 
and  resinous  principles  (!iphacclinic  acid,  snhacelotosin,  etc.)  isolated  by  earlier  invcfr- 
tigutors,  contain  l:iri;e  proportions  »f  ihis  ulltaloitl;  and  thai  their  apparent  activity  cma 
be  [airly  attributed  to  the  latter.  Un  the  other  hand,  they  pointed  out  that  the  methods 
of  preparing  extracts  of  crgol  tend  to  eliminate  this  alkaloid;  and  that  it  i.<>  therefore 
necessary  to  assume  the  presence  of  other,  water-aoluble  prfaidplcs.  In  iw*>  Bargee. 
Date  and  Dixon  found  these  to  consist  of  tyramin  and  histamin  (1910). 

Impure  Principles. — These  arc  ^till  important  for  understanding  the  older  Hiecaton 
They  arc  classificfl  by  Itarger  and  Dale  as  follows,  in  cbronotogicaTorder: 
Wenzell,    1364:  EcboiUnr  and  Ejpilinc  »  mixtures  of  the  alkaloids,  containing  cholin 

(.Meutenhoff,  iRqq). 
Tanret.    1875:  Amvrpkom  Ergatinine  •*>  impure  mixture  o£  crgotinin  and  crgotoxin 
Dragendorft,  1877:  Picro-iclerctltu  ~  ergolinin,  po&stbly  nuxed  Yvith  some  crgotoaia. 
Podwyssotski,  iSS^:  Scicrocryitailine  "  crgotinin. 
Kobcrt,  i!i^4:  S frhtKfliHic  Aiid  =  inactive  resin  with  adherent  alkaloids. 

Cormilin  »  alkaloidal  resin,  probably  containing  some  crgotoxio,  and  perhaps  some 

active  alkaloidaL  decompuailion  products. 

Ergotinic  Acid  =  a  sapotoxin. 
Keller,  1S06:  Corniilin  =  impure  mixture  of  crgotinin  with  ergotoxin. 
Jacob],  1897:  Cla-yivtoxtH  =  inactive  yellow  coloring- matter  with  small  proportion  «l 

adherent  alkaloid. 

Seciitintoxin  «  mixture  of  crgotinin  and  ergotoxin. 

Sphac^plaxin  =  impure  ergotoxin. 

Saaiin  «  impure  crgotinin. 
Kraft,  1906:  HyJfocr^ofinii  "  synonym  for  ergotoxin. 
Vahlen.  loo^i  and  1^08:  Cl'tvin  '-  inactive  mixture,  consisting  of  nearly  equal  parts  of 

teucin.  i^oleucin  and  valln  (Van  Slykc,  1909). 
Msfino-Zuco  and  Pasqucro,  1911:  Ctaviszpitn:  claimed  to  be  an  active  glucoud;  not 

yet  con6rmed. 
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J&rgotin  is  a  name  applied  to  a  variety  of  pharmaceutic  extracts, 

:raUy  prepared  in  such  a  way  that  they  must  contain  mainly  the 

urkifis,  and  relatively  Utile  of  the  alkaloii^.    A  number  are  listed  ia 

h  ACTIONS  OP  ERGOT 

■  The  effects  of  the  various  ergot  constituents  are  so  much  modified 
911.^11  they  are  present  together,  that  it  is  advisable  to  describe  first 
ibe  actions  produced  by  ergot  itself. 

K     TTterine  Actions. — The  most  important  use  of  ergot  is  in  obstetrics. 
B^K^'  preparations  stimulate  the  uterus,  especially  when  pregnant.    The 
cUnical  effects  are  well  described  by  Sharp,  191  t.     In  labor,  the  ordinary 
doses  improve  the  uterine  tone,  and  collect  small  irregular  and  non- 
effective pains  into  larger  efTective  contractions.     Small  doses  may  inhibit 
the  contractions.     Excessive  doses  produce  prolonged  tonic  constriction. 
When  proper  doses  are  used  during  labor,  with  the  os  fully  dilated 
and  no  obstruction,  they  tend  to  hasten  normal  delivery.     Really  efTective 
(loses,  however,  are  rather  dangerous  to  mother  and  child.     The  firm 
amtraclion  may  hinder  delivery,  and  compress  and  asphyxiate  the  fetus; 
evtn  rupture  of  the  uterus  has  been  reported;  but  tiicse  accidents  are 
i-try  rare. 

The  roost  common  use  is  after  the  delivery,  to  hasten  and  sustain  the 
nonnal  retraction;  thus  obliterating  the  open  sinuses,  and  checking 
Pf^partum  Itetnorrhage.  In  early  pregnancy,  its  effects  are  much  less 
artain.  Contrary  to  popular  opinion  it  is  not  abortifadent  unless  danger- 
ous doses  are  long  continued. 

The  uterine  effects  are  due  to  ergotoxin  and  histamin.  Ergotoxin 
ins  been  used  therapeutically  and  acts  more  promptly  (four  minutes 
ifler  h)podermic  injection.  Sharp).  Pituitrin  is  now  being  employed 
(Msiderably.     Tyramin  has  been  tried  clinically  with  vaiymg  resiUts; 

Iiiisnnt  effective  in  animal  experiments. 
Ei^ot  has  also  been  used  in  other  forms  of  uterine  hemorrhage  and  in 
dumic  metritis. 
Administration. — The  usual  dosage  is  2  to  5  c.c,  H  to  '  5  of  the  Fluid- 
otiwrt,  or  the  equivalent  of  the  solid  extract,  which  is  eight  times  as 
Wong;.  They  may  also  be  used  hypodermically  or  intramuscularly. 
Tltt  response  to  ergot  is  quite  prompt  even  when  taken  by  mouth;  it 
Wars  in  fifteen  to  thirty  minutes  and  lasts  half  an  hour  (Brady,  tqio). 
Opium  delays  but  prolongs  the  effects;  moderate  chloroform  anesthesia 
wooot  modify  them  (Sharp). 


tffridMum  of  Vtcrine  /1rfi<>M.— Tlic  action  is  peripheral,  mocc  it  occurs  also  in  the 
'■i'ttliilems  (RurdiaoKTski,  1006;  Fcllncr,  igofi;  human,  Kueb!va.men  and  KllgcnnaciD, 
'JU).  Moderate  concent  rations  increase  the  tone  and  the  automatic  contraction; 
■P  tBaceiur»tion<t  produce  tetanus  of  the  uterus.  (Fraii(o!&,  191 3,  cautions  about 
w iilcrpretatioo  of  the  phenomena.) 

UTotre,  igi  ?,  found  mtcn-Fliiig  hUlologic  changes  in  the  uteri  of  dops  treated  with 
"W.  They  consist  in  contraction  of  all  the  muscular  uterine  layers  and  of  the  arterial 
"■dejSeing  cspwiully  marked  in  pregnancy  when  the  muscle  ib  hyjiertrophied.  The 
''^'MiiMi  of  tfac  muscle  \s,  then  *.o  great  that  muscle  seems  almost  abscnL  The  smaller 
^Khgatng  through  the  muscular  layer  lo  the  mucosa  arc  greatly  compressed,  wbtUt 
I* lufer  vessels  are  dilated.  Paradoxically,  it  appears  ivs  if  the  volume  of  the  mtucle 
imiSiuntBhed,  and  the  lumen  of  the  uterus  increased.    TbeintcrprctatioQisdificntL 
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Blood  Pressure. — ^This  is  practically  unchanged,  in  man  (Sharp,  191 1), 
or  animals,  unless  the  ergot  is  injected  into  a  vein.  This  produces  con- 
siderable, but  inconstant  and  complex  changes.  The  variability  is  largely 
explained  by  the  conflicting  actions  of  the  different  constituents,  and  by 
dosage  and  other  conditions. 

Someliraes  there  is  a  larRt  but  brief  fall  from  direct  cardiac  depression,  followed  by  a 
slight  but  prolonged  rise  from  direct  cardiac  and  vascular  stitnulation  (Sollm&na  uiA 
Brown,  1905).  The  fall  U  prcsumahly  due  to  histamin  and  acctyl-choUn;  the  litt  U* 
crgotoxin  and  tyrainin.  Other  experiments  show  very  little  faU  and  somi-what  plater 
rise  (Cronyn  and  Hendcraon^  1909;  Kdinunds  and  Hale,  iijii).  This  rise  is  greater  if 
the  vasomotor  center  has  b«n,  destroyed,  and  is  therefore  due  to  a  direct  peripheral 
action  on  the  vessels  (Jscobi,  1897;  Wood  and  llofcr,  1910).  Excised  arteries  {except 
the  nulnionarjO  arc  also  constricted  (Cow,  1911).  The  vasoconstriction  occurs  also  in 
calaum-frce  Roluliorw  (I^earcc,  1013)1  and  i^  due  to  crffotoxin  and  tyramin.  The  vaso- 
motor center  is  not  affected  by  ergot  or  ergotoxin  (Pilcher  and  Soltmann.  1915). 

The  prewurc  in  the  ptdmonary  artery  is  increased,  whether  the  ciroiid  pre&wrr  i» 
rising  or  falling  (Wood,  igii).  Mellin,  1904,  Plumier,  1905,  and  Andcres,  1915,  attrib- 
ute the  rise  to  constriction  of  tlic  pulmonary  vessels;  Dixon  to  tntreasod  output  of 
the  right  ventricle.     Wiggers,  191 1,  sihowed  that  ergotoxin  produces  both  effecu. 

Vrry  laTge  doses  of  ergot  paralyse  the  vagus  center,  and  the  vasomotor  ending 
(epincphrin  becoming  inc^ccuvc,  whilst  barium  is  still  active)  (Sollmann  and  Brown, 
1905).    This  "vasomotor  reversal"  is  due  solely  to  the  ergotoxia  (Dale,  1905). 

Ergot  as  General  S^tic. — The  effidency  of  ergot  in  postpartum  hem- 
orrhage, and  the  vasoconstriction  observed  in  animal  expenmcnta,  have 
led  to  its  use  against  hemorrhage  in  other  situations.  However,  the  coo- 
ditions  here  are  altogether  different;  for,  as  ordinarily  administered,  it 
does  not  affect  the  blood  vessels  or  blood  pressure.  Its  use  is  therefore 
irrational  (Bradford  and  Bean,  1804).  It  is  also  useless  in  pulmonary 
hemorrhage  (Frey,  1909).  It  has  been  praised  rather  uncritically  in  a 
great  variety  of  other  conditions,  which  it  would  be  useless  to  enumerate. 

Cyanosis  of  the  Comb  of  the  Fowl. — When  ergot  preparations  are  ad- 
ministered to  roosters,  in  about  an  hour  the  tips  of  the  comb  and  wattles 
become  blue  and  cold,  the  effect  lasting  several  hours.  It  may  be  pre- 
ceded by  temporary  blanching.  This  reaction  is  used  for  testing  the 
quality  of  ergot  (see  below).  It  is  due  to  ergotoxin;  histamin  produces 
a  similar  but  much  prompter  effect  (Cra^vford,  1913);  tyramin  is  ineffective. 
The  mechanism  of  this  cyanosis  is  not  understood. 

It  has  been  attributed  to  vasoconstrictinn;  but  tlie  cyanosis  does  not  occur  after 
other  vasoconstrictor  drugs;  whilst  it  is  produced  by  paraldchyd  which  lowers  blood 
pressure  (Crawford),  by  rAnlhuridln  (FlUnger,  1^08)  which  injures  capillaries;  and  by 
other  drugs  which  cause  vascular  injury  (large  bypodennic  doses  of  cane-sugar,  ptper- 
azin,  chromic  acid,  etc.). 

Gangrene  Action. — This  is  a  charac  I  eristic  feature  of  chronic  ergot 
poisoning  in  man  and  in  many  animals.     It  is  most  readily  studied  in 

roosters. 

If  ergot  15  ijiven  repeatedly  to  rooster*,  the  bluing  persist*  in  the  tips  of  the  comb, 
and  grauually  involves  the  entire  comb  and  the  wattles.  Eventually,  these  appcadaget 
undergo  gangrene  and  may  drup  off.  The  extremities  may  also  De  involved;  in  one 
experiment,  Uic  entire  wing  fell  off  after  a  few  da>-8. 

Histologic  Changes.— V.  Recklinghausen,  1883,  showed  that  the  lajg^r  arteries 
but  not  the  veins,  of  the  gangrened  comb  are  occluded  by  hyaline  thrombL  The  capil- 
laries arc  congested  with  red  corpuscles.  These  results  were  cont'irmcd  by  Cruenfcld, 
1R90.  They  are  gener-illy  referred  to  very  violent  constriction  of  the  small  artericsj 
interrupting  the  blood  stream.  This  exiilanaUon  is  entirely  h>'pothetical.  Rrj-sjiuii 
ob*ervc<l  tormai.ion  of  thrombi  in  a  variety  of  cundition?;  and  it  is  prulwibly  a  result  of 
a  loxic  effect  on  vascular  endothelium.  No  histologic  changes  are  found  in  the  acute 
cyanosis. 
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Susceptibility  of  Dififereat  Animals  to  Gangrene. — Pigs  &re  quile  susceptible  to  the 
gKOgreDC  action  of  vrgot.  Tln'y  react  especially  by  pustular  cruptiunii  on  the  skin; 
the  ears  are  particularly  susceptible.  Iforsn  and  cattle  show  similar  change3.  Man  is 
quite  subject  to  Ibc  gangrene,  which  begins  in  the  extremities.  The  Rogers,  toes,  or  an 
entire  member  may  slough  off.  Do$s  and  rabbUs  do  not  seem  to  be  susceptible  to  this 
action. 

The  cause  of  the  varjing  susceptihility  has  not  been  demonstrated.  It  may  be  due 
lo  physiologic  peculiariues,  or  merely  to  aniilom.ic  differences.  The  gangrene  always 
bci^ns  in  those  situaliuns  in  which  the  circulation  is  weakest.  It  differs  in  no  essential 
from  gangrene  produced  by  any  other  cause.  It  may  be  dry  or  wet,  according  to 
vhetber  liquefymt;  bacteria  are  al^scnt  or  present.  Salant  and  Ilccht,  1Q14,  descmtea 
habituation  tolcraiuc  to  the  action  of  ergot  on  the  cock's  cumb  and  to  the  fatal  dose. 
Alimentary  Canal. — InjtcUon  of  crpt  or  ergotoxin  (10  mg.  for  rabbits,  intraven- 
ously) resull^  ill  marked  increase  of  peristalMs  thrmtgh  the  wlnile  iilimcntary  tract;  and 
in  increased  intestinal  motor  response  to  vagus  stimulation  (Meltzer  ami  CUthens,  19 1 6). 
This  producer  viulent  diarrhea  and  vomiting.  The  emesis,  however,  is  largely  central 
(Egglcston  and  Hatcher,  1915). 

In  chronic  poisoning,  the<.e  direct  efFccts  arc  aggravated  by  vascular  stasis,  advanced 
cases  showing  ecchymosis,  uicer  formation,  etc.     The  ulcers  involve  narlicularly  the 
lymph  follicles,  ia  which  the  bliwd  supply  is  poorcaU    The  stasis  may  lead  lo  ctlusion 
«  Uood  into  the  lumen  of  the  intestine.     The  appetite  k  lost.    This  .iction  on  the  ali- 
meatary  canal  is  also  most  marked  in  the  animals  mentioned,  but  occurs  in  others. 
The  Uver  of  r<«-vsU-ni  s.hpws  peculiar  degenerations,  resembling  amyloid. 
iKUted  Bronchial  Muscle.— Ergot  has  no  effect  (.Titone,  1913). 
Central  Nervous  System. — This  is  affected  iKith  dlrctlly  and  indirectly,  and  the 
effects  are  correspondingly  variable.     With  moderate  doses,  the  (low  through  the  cerebral 
nwcU  is  increased.     Small  do.scs  may  cau^  mcdul]ar>'  stimulation  (vagus  slowing; 
tScreasetl  respiratioo,  convulsions,  etc.).     Large  doses  of  ergot  cause  deaikhy  medullary 
pusly^     It  hxs  a  narcotic  effect  for  roosters. 


ACTIONS  OF  PURE  EKGOTOXIN 

This  is  concerned  in  the  stimulation  of  the  uterus;  the  vasoconslric- 
tioQ;  the  broncliial  constriction;  the  inltslinal  irritation;  the  gangrene; 
aod  the  vasomotor  reversal.  It  prwluces  a  powerful  and  prolonged 
peripheral  stimulation  of  smooth  muscle,  particularly  in  the  arteries  and 
uterus.  Large  doses  paralyze  the  augtnentary  sympathetic  endings 
{myoneural  junction)  which  arc  stimulated  by  epinephrin  (Dale,  1905, 
i9<>6and  19x3).    Very  massive  doses  paralyze  the  muscle. 

Hainan  Dteras. — This  is  contracted,  but  requires  higher  concvntruUons  than  can 
twoKil  clioicalty  (I.ieb,  1915);  Kchrer,  1911,  found  1  or  2  mg.  h>poderrni tally  quite 
•"ritective.  Sharp.  1910,  however,  claims  that  0,6  mj?.  contracts  the  uterus  more 
|Komf>iIy  and  powerfully  than  ergut  extracts,  hut  that  the  action  is  Ini»  brief. 

Vtsoilar  Effects. — The  rise  of  blood  pressure  witli  ergotoxin  is  purely  vascular 
(ifiouai»hcd  organ  volume!.  The  constrictor  action  is  exerted  directly  on  the  arteries,  for 
il«ccuts  after  the  medulla  has  been  divided,  and  the  vascular  ganglia  excised  or  paralyzed 
^■icolin. 

li  now,  during  this  rise,  the  vasomotor  nerves  lie  slimulatcd^-either  electrically, 
*  by  epinephrin  or  nicotin — a  fall  of  pressure  results,  instead  of  the  customary 
">*-  The  crgotoxin  has  therefore  fKifftlyzcd  the  peripheral  sympathetic  vasoConstric- 
t""  nechanUm,  leaving  the  dilator  mecluuiism  active.  This  vosomolor  rfvtrsol  is  ob- 
toittl  in  pithed  cats  by  0.5  mg.  per  kilogram,  intravenously.  Since  ergot  itself  and 
""•riuiB  are  still  capable  of  produiing  a  vasocuiislrkliun,  the  arterial  muscle  can  not 
'xMnlyzed;  and  tne  constrictor  p.^^alysis  would  be  referred  to  the  myoneural  junction. 
fwabo  proves  that  the  constrictor  action  of  crgotoxin  b  more  peripheral,  i.c.,  directly 
*tfce  muKle  fiber.  \>r>'  large  doses  finally  paralyse  this  alst>.  Phe  ant.igonism  of 
^V>taiui  and  epinephrin  can  uso  be  demonstrated  on  excised  arteries  (Macbt,  1915). 
OOw-iilion-sofcpinephrin,/,*.,  the  fever,  are  not  antagonized  (Cloetta  ardWaser,  1915)- 

Ccrdiac  Effects. — These  are  slight.  In  the  excised  mammalian  heart.  Wiggers, 
'IHi.obwrvcd  diminished  s)'Stolic  contraction  and  increased  lone  with  decreased  ampU- 
'A'ldod  output.  In  intact  animah,  the  heart  is  mainly  affected  indirectly  by  the  vas- 
olc changes :  the  amplitude  being  first  diminished  and  then  increased. 

Brooduolea. — ^These  arc  scarcely  affected  (f>.  E,  Jackson,  1914). 
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Ureter.— Erffotoxln  inhibLu  or  reverses  the  cpUiephria  stimulation,  but  docs  not 
intcrftre  witli  the  parasyin|»t1ictic  stiimilants  (Macht,  1916). 

Sugar. — Krgoidxin  atreaU  the epinephrin  and  theobromio  glycosurias,  diminUhii^ tbe 
h>'perglyccmia,  and  rendering  the  kidneys  lt*3  pcrmcalile  to  sugar;  the  permesbility 
to  vhlorids  is  not  afTerted.  Tlic  Fpincphrin  diuresis  is  someffhat  decreased  by  it,  bat 
not  tlic  theobromin  diuresis  tMicuLJdch,  1912). 

mSTAMIN 

This  is  concerned  in  the  uterine  effect  (stimulation)  of  ergot,  especially 
witli  aqueous  extracts;  in  the  cyanosis  of  the  fowl;  and  in  the  fall  of  blood 
pressure  observed  ■with  some  preparations.  Its  main  effect  is  a  peripheral 
(direct)  stimulation  of  the  rhythm  or  tone  of  smooth  muscle,  varying 
quantitatively  in  different  organs.  The  phenomena  resemble  those  (^ 
peptone,  anaphylaxis  and  pituitrin. 

Structure. — ^Its  derivation  from  hisluUn  U  shown  by  the'formuUs, 
HC  -  NH  HC  -  NH 

CHrCHNH,  CH.-CHrNH, 


:HrCHNH, 
COOH 

B  Hiilidin 


-•  HittAimii 


General  Action. — The  stimulation  h  most  marlted  in  die  uterus;  the  broncbiolef 
a.re  al<ui  highly  <=.enMtive;  the  intestine,  arteries  and  apleca  arc  less  susceptible;  the  blad- 
der  and  iiis  do  not  respond.  The  action  h  directly  on  the  musdc  (Quagliaridlo,  1914). 
Cardiac  mu»cle  is  mildly  stimulated;  skeletal  muKJe  it  not  aiTected.  It  has  a  weak 
pilocarpin  action  on  glands  (Barger  and  Dale,  1910;  Dale  and  Laidlaw,  1910;  Kutcber, 
1910;  Ackcrmann,  1910). 

Uterus. — This  is  contracted  i'm  sUh  in  virgin  guinea  pigs  and  non-gravid  cats.  It 
increases  especially  the  tonus  of  the  excised  uterus  of  cats,  rabbits  and  guincA  pigi 
(BargtT  and  Dale,  1910);  hut  reUxes  that  of  rats  (Fuchner,  1913).  The  experimeols 
oE  Kehrer,  igto,  and  OuKKerheim,  1Q14,  indicate  tliat  the  tone  of  the  human  uterus  is 
also  increased;  but  it  would  have  to  be  used  cautiously  on  account  of  its  toxic  effects 
{respirator>'  disturbances  and  convulsions).  C.  Koch,  1913,  reports  successful  results 
in  uterine  inertia  from  the  intramuscular  injection  of  i  mg.;  Jaeger,  iQi.^.  found  R  mg. 
necessarj'.  Even  i  mg,  produces  some  unpleasant  side  actions;  with  efTeclive  dcrset 
there  may  be  headache  and  violent  vomiting.  Its  use  is  therefore  not  advisable.  It 
has  little  effect  by  mimtb. 

Toleration. — A*  ^vith  mnscarin,  histamln  produces  its  efTects  only  when  a  given  con- 
centmlion  is  applied  suddenly;  if  it  is  added  very  slowly  (/.r.,  to  the  excised  utcnts),  it 
is  inactive.  Anain,  a  given  concentration  soon  loses  its  eflcct,  but  raising  the  coacro* 
tration  again  induces  contractions.  Similarly,  rapid  intravenous  injections  are  much 
more  Ihxic  than  *low  injortinns  (Ochme,  igi,*). 

Blood  Vessela-^Histamin  raises  the  blood  pressure  in  rabbits  and  guinea  [Mgs,  but 
lowers  it  in  dogs,  cats,  monkeys  and  fowls.  Tiie  cause  of  these  changes  is  obscure,  but 
probably  analogous  tn  the  phenomena  of  anaphylaxis  (see  Index).  The  vasomotor 
center  is  not  afTerled;  but  trie  full  uf  blood  pressure  and  the  respiratory  dbturbonces 
usually  produce  moderate  stimulation  (Pilcher  and  SoUmann,  1915).  Excised  arteries 
are  contracted,  even  those  of  dogs  and  cats,  which  respond  by  fall  o!  blood  pressure. 
The  Lonstrictior  is  shown  not  onlv  by  the  systemic  arteries,  but  also  by  the  coronuy 
(Barbour,  1913)  and  pulmonary  (iJcreiin,  1914;  Cloctia  and  Anderes,  1914;  Anderes 
and  Cloetta,  1916);  but  not  the  liver  veins  tBcrezin,  1914).  The  constriction  of  tlie 
luH!:  ticsafis  is  removed  by  atropin  (Berean).  Living  anim.nl«  show  Increase*!  pressure 
in  the  pulmonary  artery,  with  diminished  volume  of  the  lung,  and  usually  unchanged 
pressure  in  the  systemic  arteries  (Cloetta  and  Anderes).  This  indicates  constriction 
of  the  pulmonary  vessels  (Anderes,  1915).  Baehr  and  Pick,  1913,  found  ik>  effect  on 
the  vessels  of  perfused  lung. 

The  paradoxical  behavior  of  the  blood  pressure  and  exdsed  arteries  has  not  beca 
explained  (Dale  and  l.aidlaw,  iqio  and  iqu).  Similar  inconsistencies  occur  in  the 
blood-pressure  changes  of  peptone  injection  and  anaphylaxis  (which  see).  The  fall 
is  probably  a  part  of  the  general  collapse,  with  accumulation  of  the  blood  in  the  Urge 
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id  tBe  liver  (Peaioe  and  Eiscnbrey;  Edmunds,  1913).  Mautncr  and  Pick,  1015, 
Ecgondertbelungucd  liver  ve$ieLi3j>uiiiai[iurlB0t  elements  in  ihe"3bock,"  ^nce  Lheir 
mcUoa  varies  In  different  sjwcies.  They  attribute  tlie  fall  of  pressure  lo  extreme 
nomodic  cootncUon  of  the  mtcatinal  arterioles,  TesuIUog  in  impeded  return  of  the 
bload  lo  the  heart, 

Heut. — The  isolated  froc's  heart  is  slowed:  the  perfused  toammalian  heart  shows 
t  ibort sad  »ti^t  slowing,  foUowed  by  conaidenufle  qutcLcning  with  increased  cxcurstons 
(Bdo.  1913)- 

Cotgo lability  of  the  Blood. — This  Is  not  affected,  in  distinction  to  peptone  (Dale 
lad  UidUw). 

CerefaroipinjU  Fluid. — This  is  under  higher  tension,  due  simply  lo  the  asphyxia! 
flftct  of  the:  broDchoconstriction  (Dixon  and  Halliburton,  1914). 

BnochioleB. — These  are  strongly  constricted  by  peripheral  utimulation  (D.  E. 
Jidson,  1914),  so  that  the  lungs  bloat  as  in  aaapliylaxis  (Baehr  and  Pick.  1915). 

IitteitiBes. — HistamiD  produces  intense  sliniulation.  This  is  intensified  bv  raldum 
iilti  (Vutysek,  1914}. 

SUa.— ApplittI  to  the  scarified  skin,  a  few  drops  of  1:1,000  histumin  produces  a 
^■jK^ptUor.  Uien  a  spreading  urticaria  and  erythema  (Eppingcr,  1913).  The  urticaria 
^HlllMobtaiaed  by  the  hypodermic  injection  of  0.5  lo  t  c  c.  of  i:  i.ooo^olutii^ii.  A  very 
^BMir  faction  is  produced  by  morphin;  tyramin  is  ineffective  (Sollmann  and  Pitcher, 

'  TyRAMOT 

This  is  concerned  in  the  vasoconstriction  but  probably  not  in  the  other 
ffitcis  of  ergot.  It  stimulates  the  sympathcric  (Quagliariello,  1914)  very 
amilaily  to  ^inephrin,  except  that  its  effects  are  more  prolonged. 

Chcaittij. — Its  relation  to  tyrosin  and  epincphrin  are  shown  by  the  formulu: 

OH  OH  OH 

/\  /\  /\OH 


CHrCHrNHi 


CH(OH)CH,NHCHi 


CUiCHNHj 
tOOH 
•  Trroetn  vTyrunin  vBpin«plirio 

hwcm  commonly  in  the  products  of  putrefaction,  autolysis,  and  fermentation;  and 
*at  tiicre^vrc  be  present  in  the  atimeutary  tracL  It  wus  isolated  from  ergot,  and 
pNRrf  jynthetically  from  hordenin  (its  dimethyl  derivative)  by  Barger,  1909. 
'raer  syntheses  were  made  by  Burger  and  M'ampole,  1910.  It  occurs  also  in  Lbq, 
Ul^oo  Americao  and  Kurop<.'aQ  mi-stlctocs  (Phurattcndron  flavcscena  and  Viftcum 
•wun).  U  has  not  been  demonstrated  in  other  species  of  I'horadcndron  (Crawford, 
l^4;teenberg,  igi;)-  It  constitutes  the  "sjilivary"  poistin  of  certain  cephalopoda 
<w^,  191^)-  lo  the  body  a  part  is  converted  into  para-hydrox%-phenytacctic  add. 
Aiidtaoce  u  also  effected  by  surviving  liver  and  uterusi  it  is  completely  destroyed  by 
wihilslM  heart  (Ewins  and  Laidlaw,  1910). 

toSota, — The  resemblunce  to  eptuephriii  was  shown  by  Dale  and  DixoD,  1900. 

UMtracts  certain  smooth  muscle-artenes  (also  the  excised  coronary,  Harbour,  191^], 

Vn,  frag's  stomach,  rabbit's  uterui*,  grmvid  uterus  of  cat;  and  bronchioles  (Baclir 

'H  hck,  1913;  GoUa  and  Syme^  lOU)-     It  inhibits  other* — mammalian  intestine, 

■■Ukukl  atems  of  cat,  etc.  (Knaffl-Lenz  and  Pick).     The  inkslinfs  ute  stJrauhited 

flabtili':  I".-!...-.!  In  df)Ks;  first  stimulated  and  Uicn  relaxed  in  cats  (Vanysek,  1914). 

Tha  i  :  ic:rr.ihlc  confusion  as  to  the  uieriut  action  (Rarscr  and  Dale,  1910, 

fadaoi  ',  1914,  some  sUraulation);  and  as  to  whether  the  effects  arc  central 

■vperlpbeial  vLctui  and  Pick).     TheMtwd  pressure  rises  and  the  heart  i.s  flowed  reflcxly. 

Tht  tim  lasts  two  or  three  minutes.     It  b  purely  vascular  (diminished  kidney  and 

iltmtB>I  vitlume  And  decreased  vein  flow;  Bickel  and  Pawtow,  19 1 1).     It  dnc<i  not  blue 

iW  foob  of  the  rooater  acutely  (Crawford,  1913);  nor  produce  gangrene  on  repeated 

i<|irTioo  (Bickel  arul  Pawlow).     Har\-ey,  191 1,  asserts  that  long -continued  adminis- 

to  rabtnti  ortiduces  arterial  sderosis  and  chronic  ncphrili».     The  cerebro-i final 

wiea  wita  the  circulatur>'  changes  (Dixon  and  Halliburton,  1913,  1914). 

Tfaflnaantagcniizes  the  respiratory  depression,  but  not  the  other  effects,  of  pumpkin. 

IBS*,  ift  mt-  of  morjihin  require  40  to  50  mg.  of  tyramin  (Barbour,  Maurer  and 

1916). 
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Therapeutic  Uses.— Tyramin  (N.N.R.)  has  been  tried  5  to  so  mg.  (K»  to 
h>'poclermically)  against  colUpf«  coaditions.  OrnJ  utiminiatratioo  in  man  raises 
blcKxi  pressure  very  tittJc  (bharj),  1911)1  but  nith  hypodermic  injections  of  :o  lo  40 
mg.  the  me  b  cotLsidcrablc  and  prolonged  (A.  Clark,  1910;  Uoyl,  1913).  Haimann. 
ipii,  regards  it  as  a  complete  substitute  for  ergot  in  labor;  this  would  not  be  cx(»ectM) 
from  the  experimental  data  and  is  denied  by  GiiKKenhcim,  tqii;  Sharp,  iQit.anci  Kehrer. 
It  is  crcrtninly  not  n  <;ub<%(itulc  Tor  ergot.  Bickcl  and  Pawlow  suggest  that  it  might  lessen 
IKtttpartum  hemorrhage  by  vosoconBlriction. 

It  13  not  an  efleclive  local  hemostatic, 

PHENYLETHYLAMIK 

This  occurft  in  putrid  meat.  Its  formula,  C»Hi-C»H»NHi.  is  related  to  cpincjihrin. 
Small  doses  stimulate  the  cardiac  muscle,  large  doses  depress.  .\tl  dosca  contract  the 
coronary  vessels;  this  is  fgllowcd  by  relasalioa  with  large  dose*  (Barbour  and  Frankd, 

i9'S)-  ...  ,      ^ 

Barbour,  1916,  has  made  a  comparative  study  of  the  sympathomimetic  aou  other 
actions  of  a  series  ot  phenylethylamin  derivatives. 

IKDOLETHYLAMm 

This  stimulates  plain  muscles,  espn:ially  the  arteries,  iris  and  uterus.  It  also  hai 
itimulant  central  effects  (Laidlaw,  iQii).  Perfusion  through  excised  liver  convcru 
it  into  indolacctic  acid.  I>ogs  excrete  30  per  cent,  as  indolaccturic  add  (Ewias  aod 
Laidlaw,  1913). 

PARAPHENYLENDIAMIN 

Thisisexlcnsivcly  used  for  dyeing  brown  and  black  furs.  The  wearing  of  these  often 
causes  dermatitis,  probably  by  ihc  formation  of  an  irritant  intermediate  oxidation 
product,  such  as  chiDon-dicMor-diimin  (Olsun,  1916). 

Hypodermic  injection  of  75  mg.  per  kilogram  body  weight  produces  chemous,  con- 
junctival irritation,  increased  ocular  pressure  and  exophthalmos.  The  effects  occur 
when  the  cen.'ical  syoipathctic  has  been  divided,  and  are  probably  caused  by  circulatory 
disturbances  (Trodl,  1916). 

ERGOTINIC  ACID 

This  has  a  typical  sapotoxin  adiun.  Taken  by  the  mouth  it  produces  no  effects 
beyond  ieca!  irrtlalivn,  as  Aapotoxins  are  not  db&orl>ed.  If  injected  »ubcuLaneuusly  or 
intra venously,  it  will  produce  p.iraly.M5  of  the  central  nervous  sj-stcm  and  of  protoplum 

SneralSy.     ft  causes  a  peripheral  paral>'sis  of  blood  vessels,  and  thereby  lowers  the 
Dod  pressure. 

HORDENIN 

This  is  an  alkaloidal  amin  4crivative  (i>-hydroxy-phenyIethyl-diraelhyUmIn)  ob- 
tained by  Legei,  ii;o6,  from  germinated  barley.  Its  actions  were  studied  especially  by 
Camus,  1906.  Sm;dl  dosfts  stimulate  the  vagus.  Larger  doses  paralyse  tbe  vagiM 
center,  quickening  the  heart  and  rai!*ing  the  blood  pressure.  The  broncldoles  are 
dilatcil  by  slimulaiiuti  of  the  sympaLhulic  endings,  sufficiently  powerful  to  antagonize 
most  canslriclor  drugs  (D.  E.  Jackson,  1914).  Fatal  doses  par^yxe  respiration.  The 
substance  is  not  very  toxic.  It  has  been  used  (0.5  Gm.  per  day)  in  heart  disease  and 
digestive  derangements  (Snrbazes  and  Guerinc,  1909).  It  arrests  diarrhea  in  dogs 
(30  to  40  mg.  per  kg.,  hypoderraically;  Charmoy,  19' 2). 

PTOMAIN  POISONING 

The  cases  of  poisoning  observed  as  a  result  of  partaking  of  more  or  less  tointerf 
articles  ol  food^suusiigcs  (botulismus  and  allantiasis),  meat,  milk,  ice-cream,  chcc»e, 
corned  beef,  etc,  and  with  some  specimens  of  musMrls  and  oysters— are  due  to  the 
development  of  ptomain  products.  In  the  former  cases  these  are  developed  by  putrr- 
faclion;  in  the  latter,  probably  by  disease. 

Many  of  these  ptomains  have  been  isolated  in  crystalline  form,  and  are  well-defiord 
compounds  belonging  to  tbe  amin  aeries  (Bargcr  and  Walpolc.  1909;  Barger  and  Dale, 
1909;  Dixun,  igij;  Haiulik^  1916).  Their  jiharmacologic  actions  are  on  theautoDomic 
qrstem  (Blankecihom.  Harmon  and  Hauzhk,  1916). 

Uremic  Bases. —  Foster,  1015.  reports  that  the  methods  of  isolating  organic  baics, 
when  applied  to  uremic  blooa,  yields  toxic  substances  that  are  not  present  in  dotbmI 
Uood. 
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ACUTE  ERGOT  POISONING 

Tiiis  b  nre  lo  man,  bul  may  occur  by  attcmptii  at  abortion.  The  ■ymptomsare 
TOiutiiig,  diarrhea,  vertigo  and  canfusion,  precordial  di^slresA,  dyspnea^  muscular  pains, 
pimtlkcu&s  and  anesthesias,  disturbances  of  vision  and  speech,  epileptoid  coo^nuMona, 
nuU  puUCj  loss  of  consciousness.  In  pregnancy,  uterine  hemorrhage  and  abortion 
dthedead  fetus  are  frequent.  Recover)- after  severe  poisoninK  may  take  several  days. 
RoMnbloom  and  Schildccker,  1914,  ha%'e  isolated  ergotinin  cr>-stais  from  a  patient 
itti  «f  acnlc  ergot  poisoning. 

m  CHRONIC  ERGOT  POISONING,  "ERGOTISM" 

H  This  is  now  mainly  of  historic  interest.  The  initial  3>-mploras  are 
BliitK-  unifortn  bul  these  develop  into  two  distinct  types,  the  gangrenous 
Hpod  coDvuteivc.  These  are  so  dissimilar  that  ihey  were  lung  classed  as 
^pepuitc  diseases.    Toward  the  end  the  symptoms  become  similar. 

Hilttncd. — Ergotism  was  formerly  very  frequent  eademically  in  consequence  of 
t^  pTotOK  of  ergol  in  fiour,  and  the  population  »f  large  tracts  of  country  biive  been 
p'»'i»nJ.  The  last  large  epidemic  ia  the  Uaiu-tl  States  occurred  in  \cw  York  in  1815. 
M«  tie  cause  has  been  recognized  these  epidemics  have  been  less  frequent,  but  in 
Rwii  they  still  pUiy  quite  an  important  r&le  (Schmark,  tSgy).  A  comprehensive 
*w»on  of  the  history  of  ergot  is  given  by  Kobert,  18S9. 

^mpQunfi. — The  initial  stagft  h  ushered  in  by  dUttwbanu  of  the  peripheral  sensor? 
*ffB>lttS.  There  is  formication  in  the  skin  and  various  other  disiurbancc:«  of  cutaneous 
"UuioQ.  Uyp^eilhe-iiii  and  aifUhesia  exist  at  the  same  time  in  dilTcrcnt  parts,  or 
Mt  b  the  same  part,  the  skin  being  hypercsthctic  to  some  forms  of  stimulation  and 
•Whtiic  to  other  forms. 

^  Tfcqe  disturhanccft  of  sensation  btgin  al  Iht  txtrtmities  and  sprtad  upward.  This 
*iiib«ition  favors  the  view  that  they  arc  manifestations  of  changes  in  the  circulation, 
^Otbese  would  moke  themselves  felt  Erst  of  all  in  the  cxtremiue^.  The  disturbance 
■■fcitioM  also  invoivca  the  olimentuy  canaL  There  ia  apt  lo  be  at  once  voracious 
^w  tui  test  of  appdUt.  Digestion  is  much  impaired  on  account  of  the  disturbed 
Btslltiaa.  Diarrhea  and  vomiting  arc  very  common.  The  vomiting  i^  partly  due 
ttbedislurbcd  circulation  and  partly  to  the  action  on  the  center.  The  centrii  sensory 
'WVltn  also  shows  changes  at  this  time.  There  is  viiMi-nt  and  pcrsi>^trnt  headache 
^Rolral  disturbances  of  the  spu'ial  senses.  The  motor  system  also  begins  to  show 
"■oraul  symptoms  such  as  tuiUcMngtand  tremors,  tatyit  marked  in  the  extremities  and 
■  4rtnn«tie. 

la  ali  these  effects  of  ergot  it  is  extremely  difEcul t  lo  say  to  what  extent  the  phenomena 
wtnued  by  the  central,  and  to  what  extent  by  peripheral,  actions.  They  are  proh- 
^t  hr^ely  dependent  on  disturbances  in  circulation,  and  these  may  in  some  cases  be 
■Ktpnuninent  in  the  central  nervous  sjTitem;  in  others,  peripherally. 

Al  this  point  the  sensory  symptoms  have  reached  their  acme,  and  do  not  become  any 
"•le,  but  perstsl  as  they  have  been  described.  But  (he  motnr  phenomen,i  go  *m  in- 
^Amg;  the  twitchings  pass  into  spasms,  and  then  into  permanent  and  often  very  pain- 
^ntlriu:uret.  Always  b^inning  at  tne  extremities,  they  iuvalve  the  terminal  pha- 
^*(B  <4  the  fingers  and  ascend  to  Uie  other  joints.  The  facial  muscle-s  also  participate. 
, '» type  of  thcK  contractures  shows  that  their  origin  is  central.  They  arc  not  ab- 
h^ttiy  persistent,  hut  last  for  altuut  half  an  hour;  then  paR<;  off  for  &  time,  and  reappear. 
|7a  ■  ven*  dificrent  from  spasms  of  peripheral  origin,  such  as  those  of  lead-poisoning. 
rTWiciooth  muu~les  may  al*a  participate  in  these  contractures;  especially  Inat  of  the 

kr;Ki  thai  there  may  be  mvuluntaty  evacuation  of  the  urine,  tmrsmtts,  etc. 

TW  Mlse  i»  always  hard  and  small,  t>ointing  to  a  high  blood  pressure.     Its  fre- 
r,  boiie\'er,  is  v-ariable.     It  is  usually  slow,  due  probably  largely  to  the  high 

So  far  the  s)*mptams,  the  initial  stage,  are  common  to  ell  the  different  forms  of 

(DtiuD;  they  can  be  accounted  for  partly  by  the  changes  in  thccirculation  and  portly 

fik^^mt  ftction  of  the  ergot  principles  themselves.     In  the  second  stage  the  tircu- 

dbturbAOCes  become  more  marked.    The  phenomena  already  seen — the  dis- 

I  frf  scnutioo  and  the  contractures — persist;  but  to  these  arc  added  secondary 

due  lo  the  pmlonged  slowing  of  the  circulation.    These  may  be  most  marked  in 

rceural  nervous  system  or  in  ihe  extremities.    The  former  give  rise  to  the  so-called 

ik  fifm  of  crgotbm.    The  predominance  of  sta^  in  the  extremities  produce* 

'  fSw^flSMti  form. 
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VHiv  one  action  should  predominate  In  some  individuals,  asd  another  action  in 

others,  cannot  be  explained.     Perhaps  there  may  be  sumc  diflcrences  in  the  anatomic 
arrangenifiil  of  tin:  Iduud  vessels  or  extent  of  the  innervaliun. 

(A)  The  gangrenous  form  m^y  have  been  indicated  somewhat  earlier.  PustuUs 
may  have  formed  in  ihc  skin,  wliith  arc  due  to  lliia  defect  of  circiJatioo.  In  more 
marked  degrees  it  affects  the  extremities.  The  entire  member  may  be  involved  in  the 
gangrene,  which  dillcra  in  no  respect  from  any  other  gangrene;  it  has  its  line  of  dcmarca- 
lion,  tuid  may  be  wirt  or  dry  according  to  bacterial  infection.  The  finger,  toe,  or  limb 
may  slough  away  nnthout  bleeding. 

(B)  In  the  spasmodic  farm  the  contractures  pass  into  tonic  and  donic  cotmthians  or 
rpHfptiform  spasms.  Since  any  part  of  the  central  nervous  system  may  be  affected, 
the  exact  symptoms  may  be  extremely  variable.  It  may  t>e  repeated  that  they  are  due 
to  a  defective  circulation  in  the  central  nervous  s>'5tcm,  which  leads  to  stimulation  and 
then  to  paralj'sis.  Both  forms,  the  ganj^rcnous  as  well  as  the  spasmodic,  are  therefore 
due  to  changes  in  circulation,  and  arc  determined  by  the  ergotozin. 

The  treatment  of  ergot  poisoning  can  be  only  symptomatic. 


DETERIORATION 


4^ 


The  ergot  alkaloids  and  amins  are  rather  unstable  substances;  an 
it  has  long  been  observed  that  ergot  loses  its  activity  with  age.  Ergotism 
is  said  to  have  occurred  only  during  the  first  four  months  after  harvest 
(Poulsson),  Many  pharmacopeias  therefore  direct  that  ergot  must  not 
be  older  than  one  year;  but  the  fluidextracts  on  which  the  reputation  of 
ergot  is  mainly  based,  have  probably  all  been  aged  for  a  year  before  being 
sold  (Eldred,  1913),  The  alcoholic  preparations  probably  keep  better, 
but  no  exact  data,  are  available.  The  activity  of  crgoL  should  therefore 
be  ascertained,  at  least  quatitativcly,  by  bio-assay. 

U&inff  the  codc's-comb  test,  Haskell  and  Eckler,  191J,  found  that  the  acti\niy  of 
the  fluitfcxtract  remained  practically  unchanged  for  two  and  one-half  >'cars;  then 
deteriorates  gradually,  90  that  it  has  fallen  to  about  one-haltin  three  and  one-half  yean. 
Special  proprietary  preparations  are  very  unreliable. 

BIO-ASSAY 

Thi:  complex  composition  of  ergot  makes  chemical  assay  practically  out  of  the  quev 
lion.  The  s;ime  objection,  but  to  a  lesser  degree,  holds  for  the  bio-aisay  (Edmunds  and 
Hale,  1911).  The  ideal  would  be  to  measure  the  therapeutically  desirable  ctlccts; 
but  it  is  not  certain  that  any  of  the  present  noethods  accomplish  this  result.  The 
cock's-<t>mb  Usl  is  the  most  widely  employed  antl  probably  the  most  satisfactory.  Thij 
reaction  was  described  by  Lorinacr,  1824;  used  experimentally  by  firuenfeld,  iSija  and 
1S95,  under  Kobcrt;  and  applied  commercially  by  Houghton,  1S98.  'I  he  details  art 
dcAcrilK'd  by  Edmunds  an(i  H;de,  lyii.and  in  U.S.P.  IX.  It  estimates  inainly  the 
crgotoxin,  but  is  also  affected  by  the  hi$tamin.  Its  results  agree  vcr>'  closely  with  the 
more  complex  vlcrine  method  of  Edmunds,  1908.  Another  uterine  method  u  described 
by  F.E.  Stewart  and  Pittenger,  1913.  Dixon,  i^),  and  Wood  and  Ilofer.  iqio.  propose 
the  bUycd- pressure  rise  as  a  test;  but  this  gives  conlUcting  results,  as  might  be  expected 
from  the  opposing  actions  of  the  constituents. 


PREPARATIONS — ERGOT 

Ergota,  tT.S.P.,  B.P.;  Ergot*  (Secale  comutum).^A  fungous  growth,  Clavioepi 
purpurea,  from  rye.  (jencrally  collected  in  Kufuia  or  Spain.  Should  not  be  older  iban 
one  year.     Dose,  2  Cm.,  30  gr.,  U.S.P.;  1  lo  4  Gm.,  i  j  to  60  «i.,  B.P. 

Ext.  Ergot.,  U.S.P. — A  piiular  extract,  prepared  by  defalting  ergot  with  benctn, 
extractinc  with  addulated  alcohol,  and  evaporating.     Dosf,  0.25  Gm.,  4  gr.,  I'.S.P 

Ext.  Ergtyl.,  n.P.;  Kxt.  f'rgot.  Purif.  (Ergotin  Bonjean). — A  soft  water>'  extract, 
purified  by  partial  precipitation  with  alcohol.     Dcsc,  0.12  to  0.5  Cm,,  a  to  S  gr. 

Krgalin. — This  name  lias  been  applied  to  very  different  preparations.  They  ue 
defined  in  X.N.R. 

Baslcell,  tgi4,  found  that  "crgotin"  and  powdered  extract  produced  all  the  typical 

^  Ffvm  iha  PttiKh,  "crKOt,"  *  cvuk'a  ajMir,  Kbich  it  iMunUc*  m  ftppe*rftoc«. 
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eSects  of  ergot,  but  that  the  effects  on  the  uteru3  are  weakened  much  mote  than  tliose 
<n  bbod  pressure. 

'FhHtxIeactum  Ef%ol<t  (Fldcjtt.  Ergot.),  U.S.P.— Prepared  with  acidulated  dDule 
iloihol.    Dose,  2  ex.,  30  minims,  U.S.P. 

*Ed.  Brgol.  Liq.f  U.I'. — An  aqueous  solution,  preserved  nith  alcohol.     Dote,  0.6 
10  lA  f.c,  10  to  30  mimms,  B.P. 

InJ.  Krgoi.,  B.P. — 5  per  cent.    Dose,  30  to  60  c.c,  1  to  a  ounces,  B.P. 
V«yV/i.  Ergot.  Hyp.,  B.P.— 33  per  cent,  of  Kxt.  f-nsot..  B.P.,  preserved  irith  i  per 
cent.  <J  phenol.     Doxe,  0.3  to  0.6  cc,  5  to  10  minims,  B.P. 

Tr.  Ergot,  Ammon.,  B.P.— 25  per  ceat.,  with  dilute  altoHol  and  ammonia.     Dos€^ 
!  h>  4  cc,  >4  to  I  dram,  B.P. 

ErtplimHee  CUns,  N.N'.R.—^The  weaker  alkaloid  of  ergot.     Dose,  0.3  to  0.6  m^., 
S»B  IT-.  h>'podermlcalIy,  X.N.K. 

t'ltiitfo  MtiyJii. — Com  Smut. — A  fungus  analoj;ous  to  KrROt,  found  on  the  corn- 
pbsE.  Little  is  kno^ra  al>out  iu  composition  or  action,  allbougb  it  has  bn-n  employed 
by  iJie  nexroci  for  abortion,  and  Btock-niisers  have  also  observed  that  it  has  an  ecbolic 
efiect.  Robert  sUtcs  that  it  doe^  not  produce  the  ergot  action  on  the  cock's  comb. 
He  must  have  worked  vilh  old  samples,  since  the  author  obtained  the  typical  darken- 
tag  from  several  difTcrcnt  sample?.  However,  the  aclion  is  quite  weak,  and  the 
drug  does  not  dcserx-c  much  attention  unless  it  should  be  possible  to  isolate  Ike 
principles  in  more  active  form.  It  possesses  re^ns,  such  as  form  the  active  prindjJei 
of  ergot. 

Goaypii  RadUisCorUx,  B.P.;  Cotton  Root-bark.^The  dried  rool-bark  of  Goeaypium 
herhaceum  and  other  spedct.  ThU  aUo  was  used  as  abortifadcnt  by  the  ncRrocs.  It 
t-onlaias  resins,  but  no  alkaloids  nor  tannin  (Power  and  Brownins,  1914,  Zellner,  iqio). 
Cliotcal  and  experimental  reports  are  not  favorable;  the  perfused  uterus,  however, 
ii  stimtilated  (Scott,  1911). 
I  Drt.  Gairyp.  Rod.  Cori.,  B.P.— ao  per  cent.    Dote,  \$  to  60  cc,  H  to  a  ounces,  B  J*. 

^^       Ext.  Gossyp.  Rod.  CorU  Laq.,  B.P.— Due,  2  to  4  cc,  >j  to  i  dram,  B.P. 

si 


ECBOLICS  (OXYTOCICS)  AND  EMMENAGOGUES 


Eebolics  are  remedies  which  stimulate  the  gravid  uterus  tx»  the  expul- 
sion of  the  fetus.  When  used  in  the  non-gravid  condition,  they  often 
increase  the  iiienstnia.1  flow,  and  are  then  called  Emmenagogues.  Besides 
the  Ergot  group,  one  may  count  here: 


I.  AD  drugs  which  produce  congestion  of  the  abdominal  organs.     This  generally  e«- 
icndl  to  the  pelvic  organs  as  wclL 

1.  .\fl  Drastic  i'w^alnM.— Aloes.  Myrrh,  etc 

a.  trriUiHt  VolatiU  Oils,  especially  Savin,  Thyme,  Penn>Toyal,  and  Turpentine. 
All  other  InUainal  Smlants:    Canthatides,  Quinin,  Digitalis,  Mctsk,  etc     A 
r  actioa  is  also  cUimed  for  Borax,  but  may  be  coosidrred  di.>ubtful. 
It  nntsl  be  remembered  that  these  irritants  produce  their  ecbolic  effect  only  second* 
arilT  to  a  (astroentrritis.    The  latter  may  be  so  violent  as  to  be  falsi  without  accom- 
iJfaWng  tbe  dciired  result.    They  should  iK>t  be  employed  for  ecUdics,  but  at  most  s* 


^^to& 


^  Application  of  heat  or  countcrimtants  to  pHvic  rcRioD  or  feet:  hot  foot-  or  hip- 
bath, mustard  plasters,  hot  irrigations  of  the  vagina,  etc  These  milder  measures 
■re  only  cmmenagogoc  When  nutrition  it  low,  they  may  be  greatly  aided  by 
lomict, 

li.  AO  dmgs  which  stimulate  unstriped  muscle — Muscarin,  Nicotin,  Pilocarpin, 
Pbjwwt^gaun,  Hydrastis,  etc— may  act  b&  ecboiics.  but  can  not  W  used  in  practice. 


UTERINE  SEDATIVES  AUD  HEMOSTATICS 

A  number  of  drugs  of  Ul-de&ned  actions  arc  popularly  credited  with 
"qtiieting  tbe  exdtabiUty  of  the  uterus,"  especially  the  pains  of  prema' 
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ture  labor;  wtih  coulraciing  os  uteri;  with  arresting  uterine  hemorrhage; 
wilh  rcgulalingdysmeiiorrhfa,  particularly  at  puberlyand  the  climacteric; 

and  irvL-n  with  correcting  uterine  malpositions. 

It  is  difficult  to  conceive  a  mcctunisin  by  which  a  drug  could  produce  all  of  these 
actions,  except  ihroui;!!  the  imagination.  Many  of  these  complaints  are  so  uncertain 
in  their  course;  Ami  Lnciccd  «i  largely  Der\'aus,  that  it  i^  easy  to  imagine  any  routts 
that  arc  desired.  The  u^c  of  these  remedies  was  mostly  taken  from  uncritical  folk 
medicine  and  promulga tet]  l^y  obscure  and  ill-lrnined  pruclitionen  during  the  most 
tmcritica.!  period  of  therapeutics.  They  owe  their  continuance  in  the  pharmacopeia 
mainly  to  their  extensive  use  in  proprietary  "female  wcaltncs*"  remedies.  These  in 
turn  rel^-  for  their  sale  on  the  liberal  use  of  ulcohol  and  exaggerated  suggestive 
advertinrng. 

Under  these  circumstaiiccs,  there  is  practically  no  serious  evidence  for  the  clinical 
uxffiilae$5  of  these  dru^-s.  Kxcepting  hydrastis  and  coturnin,  which  belong  to  a  some 
what  diflercnt  class,  there  is  no  record  of  any  competent  clinical  investigation  by  experi- 
enced critical  ob^rrver^s  under  huspltal  conditiuns.  The  clini^ral  c;ises  that  are  published 
arc  generally  very  BUper6cially  recorded;  tbcy  generally  show  evidence  of  prejudice  and 
cxaggcratinn;  and  arc  often  vitiated  by  the  simullancuus  use  of  other  measures  of  more 
evident  value. 

Experimectal  Investigatioii5.^Pharmaco1ogicaIly,  most  of  the  drugs  of  this  class 
are  practic^iily  inert,  especially  as  concerns  the  uterus.  Since  the  excised  uterus  reacts 
essentially  like  the  uterus  in  viva-,  it  may  be  fairly  taken  as  an  index  of  uterine  acUvitv. 
Ptlcher,  igti^,  has  investigated  in  Ibis  way  the  drugs  which  are  used  most  commonly 
in  these  female  remedies,  employing  the  relatively  very  high  concentrations  of  i:i,ooe 
to   1 :  soo. 

He  obtained  no  definite  effects  nnth:  Chamaelirium  luteum  (Ilelonlos  dloi^); 
Lconunis  cardiaca;  Passiflora  denlata;  Mitchellu  rcpciis.  Chestnut  bark. 

The  following  gave  more  or  less  pronounced  cSccts  (but  not  sufficient  to  confirm 
any  therapeutic  value): 

Slight  Depreasion. — V.-nlerian;  Dioscorca  villosa;  Aletriji  farinosa;  TrJithyomelhia 
pbcipula;  I'uli^uti^la  pratcnsis;  Cypripcdium  pubescens;  Scutellaria  laterifolia;  Scro- 
phularia  maryUndica;  Srnccio  aureus;  Viburnum  opulus. 

Inconstant  Stimulation.--  ViiTspicatum;  Cnicus  bi-neilklus;  Viburnum  prunifolium. 

Constant  and  Marked  Increase  of  Tone. — Caulophyllucn  thalictroidcs. 


VIBURNUMS 


^ 


Viburnum  prunifoUiun  and  Viburnum  oputus  enjoy  the  widest  reputation  amongst 
the  uterine  sedatives,  and  fnr  that  reason  deserve  more  detailed  discussion,  although 
their  usefulness  is  no  more  demonstrated.  Illustrative  of  this  i^  the  fact  that  the  drug 
sold  as  Viburnum  opuliis  has,  for  Ihc  last  tn-enty  years,  con^stcd  uf  the  bark  of  a  maple, 
Acer  spicatum  (Farwell,  iqu,  and  others). 

Viburnum  prunifolium  or  Black  Haw,  a  rather  common  shrub,  was  used  somewhat 
in  domcslic  mcdirine  (f.ioydl.  It  was  introduciMl  into  meillcal  practice  mainly  by  the 
clinical  paper?  of  I'harcs,  iS66,  and  Jenks.  1S76.  Both  prai»e  it  with  extravasaat 
enthusiasm.  The  next  ten  years  were  the  hiKh  tide  of  its  popularity,  as  judgra  bjr 
an  output  of  75  articles  on  the  suhjccL  The  interest  (hen  abated  equally  suodenly, 
for  the  next  thirty  years  have  produced  only  some  i;  papers. 

The  whole  early  Uterature  is  highly  typical  of  the  loosest  class  of  clinical  "evidence," 
and  does  not  merit  serious  discussion.  The  mechanism  of  its  reputed  action  is  at  most 
a  matter  of  speculation.  The  only  attempts  at  investigation  date  from  R.  L.  Payoc, 
iSJyi,  and  Shrrmon,  iS^fi,  and  thnsc  did  not  include  ihe  uterus.  They  showed  at  most 
that  very  large  doses  ma^'  produce  depression  of  the  wht^c  nc^^'ous  a>'stcm,  without 
practlruE  signiricance. 

La  Torre,  1912,  interprets  the  histologic  picture  as  contraction  of  the  uterus,  com- 
pressing  the  uterine    vessels. 

The  first  real  search  lor  uterine  actions  was  made  by  IJeb,  1914.  He  belie\-ed  thai 
he  ob5er\'ed  stimulation  of  the  rxciswl  uterus.  However,  more  extensive  investiga- 
tions by  Pilcher.  1916;  by  A.  P.  Matthews  and  Ilager;  and  by  Hale,  gave  generally  nega- 
tive results  under  all  conditions  (uterus  pregnant  and  non<prcgnant;  in  sUu  or  excised). 


Prunifotmm,  \3S.V.;  Viburnum,  B.P.  {Blatk  How).— The  dried  bark  of 
\'3mniuni  prunifolium  coDtains  resins  (viburnin)  ,  valeric  and  lanmc  adds,  etc. 
Dnt,  i  Gm.,  30  gr.,  U.S.P. 

£tf.  VihirH.  Prunifot.,  U-S.P. — A  powdered  extract,  i  Gm.  representing  4  Gm.  ot 
ilnv.    A»fc.  0.5  Gm..8gr„  r.S.P. 

Ftitst.  Viburn.  Prumf.,  U.S.P.;  F-xi.  Vibum.  Liq.,  B.P. — Dose,  2  cc,  30  minims, 
I'S  P  ;  4  to  8  cc,  I  10  2  drams,  B.P. 


ANAPHYLAXIS 

ANAPHYLACTIC  SHOCK 

Parenteral  injection  of  native  proteins  sensitizes  animals  specifically, 
after  an  incubation  period,  so  that  they  react  violently  to  a  further  injec- 
tion of  the  same  protein.  This  "anaphylactic  shock,"  and  the  closely 
jibed  phenomena  produced  by  the  injection  of  peptone,  etc,  constitutes 
io  autonomic  intoxication,  resembling  especially  the  effects  of  hIsCamin, 
aod  consisting  chiefly  in  general  contraction  of  smooth  muscle.  The  fact 
tbat  the  response  is  immediate  indicates  analogy  with  ordinary  poisons. 

HktoflcaL — Anaphylactic  phenomena  were  described  by  Magendic  as  early  as 
iSjj).  aod  rediftcovered  by  Bearing,  1S92;  Richer  (who  coined  the  name);  Theobald 
Sith,  1903;  and  Pirquct,  igo^  ("allergy").  Their  modern  investigation  dales  from 
Otto,  1905;  and  Ro-ienau  and  Anriersnn,  1906,  Anderson  and  Roseniiii,  n)o8,  give  an 
nlensive  summary'  of  the  earlier  literature.  More  recent  compilatiooa  are  those  of 
HckloCQ.  1912;  Duun,  1913;  and  Zinsser,  1915. 

Piodaction  of  Anaplijruxis. — Thi<i  results  from  the  parcnter.1l  introduction  of  all 
"uiigtns";  i.e.,  al!  true  proteins;  but  not  frnm  their  cleavage  producti,  proteoses, 
Iwda,  etc  (Gay,  1013);  nor  from  gelatin;  nor  from  lipoids,  clc.  (The  native  wi-ialleo 
"pioteoics" of  soed&are antigens  and  therefore  not  true  proteoses;  WelU  and  Osborne, 

m.) 

^  It  is  necessary^  to  dJstlngui&h  befween  the  first  or  "sensitizing"  and  the  later  or 
"ptnvocaiive "  injections.  Sensitization  occurs  with  very  small  doses  (as  Utile  as 
ft«».ooo,o5  ma.  of  efK-white)  intravenously  or  hypodermically,  and  exceptionally 
f'tt  by  slumuch  or  large  intoline;  or  through  the  nose  (ScwaU,  1914).  A  minimum 
■•■val  i>f  six  to  ten  days  elapses  before  the  sensitiveness  is  acquired;  but  then  it  per- 
^hr  a  lonR  time,  weeks  or  years.  Repeated  injections  during  the  incubation  period 
■Vproituce  immunily.  Injection  of  the  serum  of  sensitized  animals  confers  passive 
jJiWtRrtiuii  on  tlie  recipient  (Otto);  Innmediately,  with  proper  dcwage  (Doerr  and  Russ). 
fWntis  the  same  specificity  as  with  other  antigt-ns.  Specilk  sensitization  may  thus  be 
•K*!*!)  simultaneoudy  to  several  proteins.  Wctis  and  t^itmrac.  iQir  and  1913,.  have 
jWied  particularly  the  specificity  (or  pure  proteins.  They  believe  that  the  specificity 
i)^  to  certain  constituent  gmups  within  the  protein  molecule;  but  that  toe  whole 
■"•tculc  U  involved  in  the  reaction. 

.  T''' proTOcative  injection  must  be  con-^iiderably  larger  than  the  sensitizing  in- 
•Wi'i.  It  Ls  much  more  eflerlive  by  vein.  The  response  is  immediate.  If  an 
*■*»!  recovers  from  the  toxic  effects,  it  becomes  immediately  refractory  or  immune 
J^fnither  iniectioo,  because  the  anapbylactic  anlibiHlics  arc  saturated  or  exhausted 
™<i  and  Cfoca,  1913).  This  antianapkylaxis  (aaergy)  persists  for  a  time,  but  is 
•balmily  lost. 

General  Phenomena. — However  induceJ.  anaphylaxis  presents  fun- 
'tinienLally  the  same  phenomena,  differing  merely  in  intensity,  according 
lo  conditions.  The  relative  prcdominauce  of  the  individual  effects  in 
'^ftent  species  may  complicate  the  picture.  The  actions  are  essen- 
^y  peripheral.  They  consist  in:  faE  of  blood  pressure  (shock);  tonic 
tootraciions  of  smooth  muscle,  especially  the  bronchioles,  resulting  In 
***■««  respiratory  disturbance;  and  local  urticarial  reactions. 
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Symptoms  of  Anaphylactic  Reaction. — These  arc  moioly  as  follows:  Great 
restlessness;  severe  fall  of  blood  pre:isurc,  generally  utlributed  tu  paralysis  of  the 
splnnchnic  ves^lsanH  cos&equent  sbiK'k,  fall  of  i:em[>erature  (PfeifTer  and  Mila,  1910), 
etc.;  rigidity  of  the  \\iagi  by  violent  contraction  of  the  bronchial  muscles,  resultiog  Id 
respiratorj*  distress  and  asph>'xial  convulsions:  stimulation  of  other  smootli  muacJe 
(uterus,  stnmach  and  inlei^lmes);  diminished  roaRulahiiily  of  the  blood;  leucopenia; 
eostnophilia;lo9sof  compleiDent;  increased  lymph  flow  (Calvary,  1911);  local  inflanuiU' 
tory  reiulion. 

Repeated  anaphylactic  shock  results  in  cell  destruction  in  several  organs, 
wiili  subsequent  chronic  iiiUammutgry  chaiufcs.  In  the  liver,  the  results  resemble 
portal  cirrhosi*  (Longcope,  1013). 

.\nalo^ou3  but  less  severe  parfnchymalous  dtgcncratwNs  of  the  myocardium,  liver 
and  kidne>*d  may  occur  in  rabbits  after  a  single  injrftion  of  a  larf;c  do:?c  of  hor»e-Kruin 
or  ejig- albumen.  Tlioy  develop  in  ten  to  twenty-one  days,  about  the  time  when  the 
antidodics  are  produced  (Longcope,  1915)- 

Susceptibility. — Guinea  pigs  are  especially  susceptible,  and  in  them  the 
lung  rigidity  is  most  prominent,  arresting  respiration  and  producing 
asphyxial  death  in  a  few  minutes  (Auer  and  Lewis,  1909).  In  dogs 
and  rabbits  this  phenomena  is  mi:ch  less  marked,  the  severe  and  prolonged 
fall  of  blood  pressure  being  the  most  prominent  feature.  Cats  are  inter- 
mediate (Edmunds,  1914).  Man  seems  to  be  relatively  insusceptible. 
The  rare  acute  accidents  in  the  injection  of  antitoxic  sera,  serum -disease, 
and  some  varieties  of  asthma  and  hay  fever  (Meltzer,  1910)  arc  probably 
anaphylactic  manifestations. 
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Lung  Rigidity. — .\ucr  and  Lewis,  1909,  showed  that  in  guinea  pigs  dying  acu 
of  anaptiyla-xis  the  tungs  arc  rigidly  distended  and  incuUapsible  even  after  death, 
tetanic  contraction  of  the  bronchial  musclw.  The  effect  occurs  after  destruction  of 
central  nervous  system  and  even  after  degeneration  of  the  vagi,  so  that  it  must  be 
exerted  directly  on  the  muscle  fiber  or  myoneural  junction  (Auer,  1910).  It  is  aboli^ed 
by  atropia  (.\uer).  Chloral  is  uncertain  (Rosenau  and  Anderson,  1909),  Schulta 
and  Jordan,  iqii,  showed  that  the  severity  of  the  broncMal  phenomena  in  guinea  pigs 
is  (explained  by  their  relatively  thick  mucosa;  so  that  the  contraction  occludes  absolutely 
even  the  larger  bronctii. 

Blood  Pressure. — In  guinea  pigs,  the  circulatory  changes  ate  mainly  asphyxial 
{.Auer  .ind  Lewis,  1910).  In  other  animals,  there  is  a  characteristic  (all  of  blood  pres- 
sure, cifti-n  to  30  1030  mm.  Hg.  The  mechanism  of  this  "anaphylactic  shock"  appears 
10  lie  complex.  It  was  commonly  attributed  to  vasodilation  (Biedl  and  Kraus,  1009}; 
but  the  later  evidence  indicates  that  it  is  caused  by  contraction  of  the  smaller  hepatic 
vessels,  preventing  the  adcouale  return  of  blmid  to  the  right  heart  (Mautncr  and  Pick, 
1915).  The  blood  accumulates  m.iinly  in  the  large  veins,  especially  of  the  liver  and 
portal  system;  so  that  the  smaller  vessels  of  the  kidneys,  intestines,  and  other  parts  cf 
the  body  are  mechanically  drained  (I'earce  and  Eisenbray,  1910  and  1911;  Kdmunds, 
1913);  indeed,  the  fall  docs  not  occur  if  the  liver  has  l>ecn  excluded  from  the  circula- 
tion. The  liver  therefore  has  a  predominant  share,  directly  or  indirectly,  in  the  fall, 
the  blood  pressure  being  lowered  because  a  greater  part  of  the  blood  stagnates  in  the 
portal  system, 

Zuckcr  and  R.  G.  Pcarcc  found  evidence  that  the  essential  process  of  the  anaphy- 
laxis, peptone  or  histamin  "'shock  "  does  not  consist  in  vasodilation,  but  in  constrictioo 
of  the  liver  vessels,  resulting  in  deficient  blood  supply  of  the  right  heart,  and  theiefore 
tn  venous  stasis  and  fall  of  arterial  pressure.  This  has  been  conhrmed  by  Mautner  and 
f^ck,  igij.  In  carnivorous  animals,  ui  which  the  L-irculatory  changes  are  promtncDt, 
they  find  swelling  of  the  liver  volume,  from  spasm  of  the  smaller  hepatic  vc&sds. 
Immunity  to  repeated  injection  is  explained  by  paralysis  of  these  vessels.  These  effects 
donot  occur  in  herbivum.-.  frugs  and  turtles,  wnose  liver  vessels  also  fail  to  respttnd  lo 
eiMnephrin  and  barium,  and  which  therefore  probably  lack  constrictor  inoer\-atioa. 
The  intestinal  arteries  ard  actively  constricted,  during  life,  in  all  animals;  the  ^xins  be* 
come  congested  later.  The  arteries  of  the  lung  are  also  constricted,  constituting  a 
further  factor  in  the  venous  congestion. 

'fhe  vasomotor  center  is  not  directly  involved  in  the  (all;  nor  is  there  any  good 
endencc  of  a  oeripheral  action  on  the  blood  vessels.  These  continue  to  contract  to 
epinephrin  or  barium;  they  do  not  contract  lo  splanchnic  stimulaliun,  but  this  could 
tie  explained  simply  by  the  altered  distribution  of  the  blood.     It  is  conceivable  that  the 
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anaphylaxis  directly  towers  the  tone  of  the  hepatic  vessels;  but  this  has  not  been  proveo. 
,\irila,  i<)l4i  attributes  the  fail  in  rabbits  to  increased  resistance  ol  the  pjltnonarv 
vessels;  but  Edmunds,  1914,  found  no  cv-tdeace  of  dclicicnt  blood  supply  of  the  Im 
heart  in  tats;  to  the  contrary,  the  pressure  in  the  pulmonan,'  \-cins  often  ro*e.  v. 
BehrinK.  >Qi4.  attributes  the  shock  to  clumping  of  the  platelets  and  thrombosis  of  the 
cerebral  vessels. 

Tbe  heart  suffers  by  the  Ion*  blood  prci^siire,  and  is  alM>  afTertcd  directly,  although 
this  usually  plays  a  minor  part  in  the  "shock."  The  changes  are  peripheral.  As  shown 
by  clectrocardiogranns,  on  rabbits  and  dogs,  they  consi>t  in  disturbances  of  conduction 
aod  abnormalities  of  ventricular  contraction,  affecting  especially  the  right  heart. 
These  toay  progress  to  final  rijjor  (Kobinson  and  Auer,  1013;  Auer  and  Robinson, 
1913).  Toe  heart-muscle  and  diaphragm  show  histoloRic  chanRts;  also  with  other 
anaphylactoid  ai;cnl5  (KundratiLc,  1913).  The  isolated  heart  of  sensitized  animals  is 
directly  poisoned  bj-  the  antigen  (Ccsaris-Dcmcl,  1910-1QI1),  Acute  heart  failitie  is 
also  sooieiimcs  seen  in  inliict  cats  fEdmunds,  1914). 

l^atment  of  Anaphylactic  Shack. — The  continued  low  blond  pressure  furnishes 
an  opportunity  for  investigating  the  treatment;  this  is  of  practical  importance 
because  the  phenomena  are  ver>'  similar  to  those  <_>(  surgical  shock.  The  indications 
art  evidently  to  relieve  the  splanchnic  congestion  ajid  to  increase  Ihc  volume  of  blood 
to  the  heart  and  medulla.  Pearce  and  Eisenbrcy,  1910,  found  that  venous  trunifuston 
nith  blood  or  saline  only  Increases  the  splanchnic  congestion  unthout  aiding  the  heart 
or  medulUL  Arterial  trani^fu^jun  is  more  successful;  but  the  best  results  are  obtained 
by  combiniit^  transfusion  into  an  arter\-  with  bleedine  frnm  a  Vfin.  Cardiac  or 
vuculor  stimulants  alone  did  not  produce  permanent  improvement;  but  the  combination 
of  slow  epinephriii  infusion  with  digitoxin  gnvt  guud  results.  Mautner  and  Pick,  igi5i 
obtained  good  results  from  the  %'asodilaCor  action  of  nitrites  or  caffein. 

Relation  of  Anaphylaxis  and  Immunity  Reactions. — The  relation  of 
anaphylaxis  to  other  "immunity"  reactions  indicates  identity  of  the 
underlying  process;  anaphylaxis  being  merely  a  special  manifestation  of 
the  defensive  mechanism  against  foreign  proteins.  It  refers  simply  to 
those  phenomena  of  the  "immunity  reactions"  which  happen  to  be  in- 
jurious to  the  animal.  As  Tvith  the  other  immunity  reactions,  it  involves 
ibe  reaction  of  the  antigen  with  its  antibody,  under  proper  conditions; 
so  that  the  antigen  is  rendered  amenable  to  the  action  of  the  complement 
(alexin),  leucocytes,  etc. 

to  the  case  of  aiuphykxis,  the  product  of  this  reaction  is  poisonous,  and  is  tbere- 
iore Called  "anaphylatoxin."  An  "antigen*"  is  any  substance  that  induces  the  forma- 
liwtof  a  specific  antibody.  "  AniitxHiics "  are  the  specific  substances  produced  by  the 
^rtui&nu  under  the  influence  of  antigens.  They  arc  supposed  to  act  as  amboceptors; 
M.,  is  linking!  the  aniificn  to  the  complement.  The  "complement"  is  an  unknown 
tebstaoce  (or  substances),  normally  present  in  the  blood,  and  which  acts  on  the  antigen- 
utibody  combination. 

Nature  of  Anaphylatoxin.— The  similarity  of  the  anaphylactic  phe- 

"omena  indicates  that  wliatever  the  nature  of  the  antigen,  the  resulting 
poison  (the  "anaphy  la  toxin"  of  Friedberger,  1910;  "proteotoxin"  of 
Ziasser;  "serotoxin"  of  Jobling  and  Peterson,  1914),  is  a  single  (or  closely 
wiilwi)  substance.  It  has  not  been  isolated,  but  is  probably  a  relatively 
wnplc  protein-cleavage  product.  This  opinion  is  based  mainly  on  the 
("ieoiily  of  its  effects  with  those  of  "peptones"  {Biedl  and  Kraus),  and  with 
I**  toxic  protein-fraction  prepared  by  Vaughan  (1907, 1913,  1916)  by  heat- 
^  proteins  with  alkaline  alcohol.  Thi.s  also  appears  to  l>e  identical  for 
I*KU<:alIy  all  proteins  (E<imund3,  1913).  The  identity  of  composition 
^DOl,  of  course,  be  proven  until  the  pure  substances  have  been  isolated, 
'^lin.  on  the  basis  of  its  toxic  effects,  it  is  probable  that  the  poison  is 
"Mrfy  related  to  (although  probalily  not  identical  with)  histamin. 

Production  of  Anaphylatoxin. — Since  a  sensitizing  injection  and  a 
•oBowjng  incubation  period  are  necessary  to  anaphylaxis,  it  is  exndent 
wt  a  definite  change  must  occur  in  the  body  before  the  anaphylatoxin 
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is  formed  or  can  become  effective.  Several  possible  explanations  of  this 
are  tenable.  The  view  most  widely  held  Is  that  the  sensitizing  injection 
leads  to  the  production  of  '"protective  ferments,"  or  rather  of  the  specific 
antibodies  by  the  cells;  that  these  combine  either  in  the  tissues  or  blood  with 
the  protein  of  the  provocative  injection  and  thus  sensitize  it  to  the  digesl- 
ant  action  of  the  complement;  and  that  this  "parenteral  digestion" 
results  in  the  sudden  liberation  of  the  toxic  cleavage  product. 

The  evidence  that  a  toxic  cleavage  product  is  actually  forincd  in  anaphyliuis  b 
chielly  the  following:  Zuatz,  1912,  found  an  increase  of  the  protcocUstic  power  of  the 
blood  for  the  >cnsili2l[ig  protein.  Fricdbcrgcr,  1910,  actually  demonstrated  the  forma- 
tion of  an.'tphylaclir  poison  by  the  Inleraction  of  nnlij;Fn,  antibody  and  complctncot 
(scrum;  in  vitro.  K.e>*s*erand  Wassermaiui,  191 1;  and  Bordct,  1914, found  that  anaphy- 
latoxin  may  also  he  proilua-d  without  antigen,  by  the  action  of  antibody  and  comple- 
ment (scrum)  in  the  presence  of  certain  colloids.  This  suggests  that  uit  Mnira  pro* 
tcins  rather  than  the  antigen  may  be  the  source  of  the  poison:  perhaps  both  are  digested 
to  a  varying  decree  under  different  conditions. 

R.  Weil.  191^,  con&Tms  that  complement  i»  necessary  for  the  production  of  &&&• 
phylatuxin  from  antigen  and  antibody  in  vitro.  However,  pouive  immunisation  ts 
secured  by  the  antibody,  even  when  its  complement  has  been  destroyed  by  bc&t. 
Fn>m  this,  he  argues  that  anaphylactic  shock  does  not  reqaire  complement,  and  is 
therefore  ditlercnt  from  anaphy  la  toxin. 

Site  of  Production  of  Anaphylatoxin.~-Further  considerations  show  that  the 
direct  formation  of  anaphylatn.nn  in  the  blood  has  really  a  minor  share.  To  passive 
anaphy  la. <(i«i,  namely,  the  degree  o{  reaction  is  ui^ually  quite  small  or  even  absent 
if  tue  antigen  and  antibody  are  injected  MmuU.aneously,  and  when  they  would  there- 
fore seem  to  have  the  best  chance  of  interacting  in  the  blood;  and  that  the  severest 
reactions  occur  if  the  ani  i^en  is  injected  twelve  to  twenty-four  hours  after  the  ontibodiet 
— when,  in  fact,  the  antibodies  have  largely  disappeared  from  the  blood,  and  are 
presumably  fixed  in  the  tissues.  This  makes  it  prolsablc  that  the  reaction  occurs  more 
effectively  in  the  tissues  than  in  the  blood.  This  is  further  aup^rted  by  the  ob5crv«- 
tions,  to  be  described  presently,  that  b)ood>free  organs  of  scnsitixed  animals  react  with 
the  specific  antigen.  It  li-:uls  to  the  vii^w  (hat  both  in  active  and  pas:>ive  anaphylaxis, 
the  antibodies  are  localized  mainly  in  the  cells  (as  "sessile  receptors");  and  that  it  is 
here  that  the  interaction  of  antibody  and  antigen,  and  the  formulation  of  anaphylatoxin 
mainly  occurs  (Friedbergcr).  A  piirt  of  the  antibody,  however,  is  given  off  to  the  blood, 
and  some  anaphylatoxin  may  therefore  be  liberated  in  (he  blood  stream  (PriedcmaDD, 
1909;  Hiedl  and  Kraus,  tgio).  Manwaring,  1910,  and  Voegtlin  and  Bemhdm,  191 1, 
believe  that  the  anaphylatoxin  is  produced  mainly  in  the  liver. 

Thi^rc  is  also  direct  evidence  that  the  union  of  antibody  and  antigen  is  relalivrijr 
slow  in  the  blood  stream;  for  they  may  cxifit  there  simultaneously  and  ununited,  lot 
days,  combining  slowlv  in  vitro  if  the  blood  is  removed.  This  suggests  the  prt-vnce 
in  the  blood  .stream  o(  some  inhibiting  .substance  or  conditions,  such  as  are  common 
in  colloid  reuclioDs.  For  instance,  it  la  kno^^-n  that  antireoctions  are  inhibited  by  excess 
of  either  antibody  or  antigen. 

It  will  be  M'en  that,  whilst  there  is  direct  evidence  that  antibody,  complement  and 
antigen  are  somehow  connected  v\t)\  anaphylaxis,  the  evidence  for  the  production  of 
anaphylatoxin  by  proteolytic  cleavage  is  mainly  indirect.  Against  it  may  be  placed 
the  observation  that  no  increa«>e  of  cleavage  products  has  been  acttially  demonilrated, 
/.I.,  in  the  anaphylactic  lung  (Aucr  and  Van  Slykc).  Further,  that  the  reaction  of  ex- 
cised liviiies  oT  sensitized  animals  to  antigen  are  more  rapid  than  is  customary  in 
ferment  processes  (Dale,  lOi^).  Neither  of  these  facts  actually  disprove  the  dejivan 
theory;  for  the  increase  of  the  product.'!  might  be  too  small  to  be  demonstrable;  and  toe 
conditions  for  ferment  action  in  the  tissues  are  probably  much  more  favorable  than  in 
the  test-tube  (Uixon,  1913).  However,  they  suggest  the  possibility  of  other  explana- 
tions. It  is  quite  conceivable  that  anaphylaxis  consists  in  a  special  sensitiveness  of  t^ 
tissues  to  the  antigen  Itself,  rather  than  in  the  production  of  cleavage  products;  or  that 
the  toxicity  is  developed  by  some  physical  change  of  the  senun  colloids — perhaps  in 
their  surface  tension — rather  than  by  their  cleavage.  However,  the  cleavage  tbeoiy 
at  present  holds  the  ^etd  as  being  much  more  probable. 

Share  of  Tissues  in  Anaphylaxis. — Anaphylactic  scasillzallonia  mani- 
fested mainly  in  the  tis.sui^s,  rather  than  in  the  circulating  blood,  ll 
need  not  be  further  discussed  whether  this  is  because  the  cleavage  ooctus 
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in  the  tissues,  or  bfcause  the  tissues  have  acquired  a  h^'persensitiveness 
to  the  antigen  itself.  The  iact  is  shown  conclusively  by  the  transfi.sion 
experiments  of  Pearce  and  Eisenbrey,  1910.  They  found  that  a  sensitized 
dog  transfused  with  normal  blood  exhibits  immediate  anaphylactic  shock 
when  the  antigen  is  injected;  whereas  a  non-sensitized  dog  transfused  with 
sensitized  blood  shows  no  immediate  effect  when  the  antigen  is  injected. 
It  is  also  proven  by  the  fact  that  excised  and  blood-free  organs  of  sensitized 
animals  exhibit  a  high  specific  response  to  the  sensitizing  protein. 

RespOQse  of  Eicis.e<l  Sensitized  Tissue. — Schultz,  1910,  &r5t  showed  thst  washed 
smooth  muscle  of  sensitized  animjils  reatrts  spectiicAlly  to  tlu*  ^fnsittzinj;  protein. 
Fordgn  scrums  generally  slimuLatc  the  smooth  mu»c]c  of  normal  (non-Aensiiized) 
■aimals;  but  the  muscles  of  sensitized  animals  n^spond  to  verj'  muth  smaller  doaes  of 
the  sens-itizin^  scrum,  whiht  their  reaction  to  other  serums  remains  unchanged. 

The  further  cxp^^riments  of  Dale,  igi3,  showed  that  the  excised  utcniii  of  sensitized 
guinea  pig%  is  conlnicled  by  extreme  dilutions  of  the  specific  antigen;  ihf  production  of 
the  h>*pothctic3J  toxic  substance  must  therefore  occur  directly  in  the  sensitized  ti»Bue- 
The  nrsponse  is  almost  immediate,  so  that  the  hypntheCical  cleavage,  U  such  occurs, 
must  be  inunediate,  and  not  by  ordinary  ferment  action. 

In  fTutnea  pigs,  which  have  be«n  rendertsd  immune  (dt-scnsitized)  by  repeated  injec- 
tions, the  exascd  uterus  is  still  M:n*itive  to  the  antigen.  This  farm  of  antianaphylaxis 
must  therefore  be  due  to  an  inhibiting  substance  iti  the  blood  uf  the  immune  iininml. 

Ilowe^'er^  in  the  excised  uterus,  one  doM  of  the  antigen  desensitizes  the  uterus  to 
farther  doses  (but  nut  to  normal  scrum).  The  antigen  therefore  destroys  the  hyper- 
susceptibility  of  the  sensitized  muscle  (perhaps  by  saturating  the  receptors}.  The 
persistence  of  the  normal  reaction  to  normal  serum  is  a  further  proof  that  this  is  quite 
distinct  from  the  anaphylactic  rcsponfc. 

Prolonged  contact  with  strum  of  a  sensitive  animal  again  renders  the  utems  sensi- 
tive (passive  sensitiz-ilion);  but  a  normal  uterus  ca.n  not  be  passively  scnsitixed. 
Vieil.  1014,  has  contirmed  the  results  of  Schultz  and  Dale. 

W.  H.  ^loorc,  1915,  finds  that  the  susceptibility  of  Ibc  sensitized  uterus  is  iDcreased 
It  ill  blood  has  been  removed  by  transfu^on  with  Locke's  solution!  indicating  that  the 
blood  has  an  inhibiting  influence. 

If  the  mus«-le  is  further  freed  from  tissue  lymph  atul  other  tliflusible  elements  by 
npeated  centrifugation  in  I^ctcc's  solution,  the  sensitiveness  is  greatly  decreased;  the 
HOntiveness  being  mianlitatively  restored  if  these  muscles  arc  treated  'Aith  normal 
iniaca-piK  semm.  This  indicates  that  some  constituent  of  normal  scrum  is  essential 
laampnylactic  stimuhuior. 

Uanwaring,  Mcinhard  and  Dcnhart^  iqi6,  obscn'cd  that  the  isolated  rabbit  heart 
kpoisooed  by  goat-serum.  If  the  rabbit  had  previously  been  srnsitizeil  to  the  serum, 
ihe  heart  is  more  resistant.  On  the  other  hand,  the  addition  of  the  scrum  of  a  scnsi- 
tiiednbbit  to  the  goat-serum  increases  the  toxicity. 

ANAPHTLACTOm  INTOXICATIONS 

Phenomena  resembling  more  or  less  closely  those  of  anaphylaxis 
Vt  produced  by  a  large  number  of  substances,  ranging  from  pep- 
tone lo  dialyzcd  iron.  The  correspondence  is  probably  never  complete 
iUewit,  1913). 

iaalogouB  Actions  of  Blood  Senun. — This  has  a  stimulant  effect  00  smooth 
■D«le  (Schultz,  1913),  although  there  arc  specific  differencrs  (Dale,  191^).  A 
^ftiic  tcHslrirJoe  substante  is  formed  in  shed  blood,  probably  by  changes  m  the 
linjed dements  rather  than  by  clotting  (G.  N.  Stewart  and  Zutker,  iqij).  This  may 
P^sput  In  hemoMasis.  The  principle  which  f.timulates  the  inUstinc  and  uterus 
P^iitts.  In  the  ptrfuicd  heart  (rabbits),  Cushny  and  Cunn,  1913.  find  that  the  addi- 
•■meisemm  produces  a  preliminary  slimtilation.  with  stronger  and  usually  faster  con- 
tfiaioni;  and  a  subsequent  depression  with  weakened  and  slowed  contractions,  somc- 
^*B  beart-block.  and  evLiilually  arrest.  The  coronary  vessels  are  constricted, 
'■■nflir  effects  are  produced  by  the  plasma  of  the  operated  animal,  by  starch  solution, 
**t-  The  authors  attribute  them  to  an  alteration  m  the  heart  produced  by  cxdsion, 
■^■01  to  the  formation  of  any  poison. 

lie  coronaiy  vasoconstriction  ha&  been  conlinnccl  by  Yanagawa,  1916.    Of  a  cm- 
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gidciuble  ^erie^  of  colloids  tried,  thi»  eOfcct  was  produced  only  by  scrum  and  by  egg- 
white.     It  resides  in  the  protein«. 

Manwaring,  .Meinhard  and  Ucnhart.  1916.  find  that  the  addition  of  7  to  to  percent, 
of  goal  Knim  in  perfusion  of  rahbit's  heart  pntduces  tachycardia,  followed  by  depres- 
ftioa  and  irreKU^aHly.  The  tachyuirdia  is  due  exclusively  to  diffiuible  substance*  in 
the  serum;  the  depression  to  non-diilusible. 

The  fatal  cffet*  tsof  intravennusinjeftions  of  foreign  blood  serums  are  often  connected 
with  hemolyeis  and  thrombosis  (L.  i^eb,  Striclcler  and  Tutile,  iqio).  Organ  extracts 
intravenously  al?n  often  produce  tliromboM>  (L.  Ixieb,  1912). 

Effects  of  Albumoses. — Intravenous  injections  of  "Wiite's  Peptone"  (0.5  Gni.  per 
kilogram)  produce  tvpicul  anaphylactoid  phenomena  (Bicdl  and  Kraus);  temporiir>' 
buj  forsiiirraljle  fall  of  blood  nressurc  (Thompson,  iSgft  and  1899)  by  pcnpheral 
action,  in  (logs  (but  not  in  ral)bits,  IMs.'^emsky.  iqij);  stimulation  of  the  iwbted 
uteniK  (Dale  and  Laidlaw.  igto);  bronchial  comtriction,  peripheral  (Bachr  and  Pick, 
1913;  no  cflcct,  Trendelenburg);  increawd  flow  af  lympn  and  secretions  (Popielslu, 
igo^  and  igog);  of  millc  ((Xt  and  Scott,  tQC3l;  discharge  of  the  gall-bladder  (Kiee  and 
Kniiepfel,  igi4l;  diurrais  independently  of  the  blood  pressure  (Thompson;  Giielt,  looS; 
Frochlich  and  Pick,  iqij);  fever  on  hj-jKidcrniic  injeclion,  etc.  In  most  animals  (but 
not  in  rabbits)  appropriate  doses  render  the  blood  non-coagulable.  and  produce  hyper- 
glycemia and  glyctisurLi  (Y.  Henderson  and  Vmierhilt,  191 1).  McGuigan  and  Roes, 
1915,  hovrevcr,  state  that  the  usual  result  Li  h>'poglvcemia.  which  they  attribute  to 
circulator)- changes  in  the  liver.  The  secretion  ot  bile  is  increased  (OKada,  1915). 
Apphcation  of  peptone  to  the  scarified  skin  produces  a  wheal!  SoUniann  and  Pilchcr.ioi*). 

The  actions  arc  due  to  the  proteoses  themselves  and  not  to  foreign  toxic  admixtures 
(Underbill,  1903}.  Prdamins,  Aislones,  etc..  hiLVc  similar  actions  (Thompson,  1900); 
Popiebki,  1913,  attributes  all  the  effects  to  "vasodHalin." 

Whipple,  1Q16,  attributes  to  a  primary  proteose  the  toxic  effects  of  intestinal 
obstruction,  peritonitis,  and  acute  [Mincrcatitis. 

The  noQ -coagulability  of  the  blood  U  Oue  to  an  antilhrombin,  the  blood  contairuni; 
all  the  neces«ar>'  ekments  for  coagulation,  so  that  it  clots,  t.g.,  on  simple  dilution  with 
water.  This  anlitlirumbln  sei'tns  to  IjC  a  nucleoproleio  formed  in  the  liver  (Doyon. 
Morel  and  Policard,  1911;  Denny  and  Minot,  1915;  its  production  L*  not  increased  by 
bile,  bile  iialts,  secretin  or  electric  stimulation).  R.  J.  Lee  and  Mocent,  1015, 
attribute  the  non-coagulubiltty  of  the  anuphylactic  blood  mainly  to  an  anomalous 
behavior  of  the  blood -platelets. 

The  mcchcnhm  of  Ihe  Jali  of  btcod  pressure  is  Identical  with  that  of  anAphyUxis 
(Thomi»son.  1S96  and  1S09;  Pearce  and  Kiseabrey,  1910;  Froclich  and  Pick,  191J). 
The  excised  mammalian  heart  is  weakened  by  concentrations  of  1:1.000  to  1:10,000; 
stimulated  by  1  :;oo  (Pisscmsky).  Excised  vfjTeis  are  generally  constricted  (Dale  and 
I^dlaw,  iQii};  the  car  vcsi^els  are  constricted  by  all  concentrations;  those  of  the  per- 
fused lung  are  smmewhat  dilated  (Baehr  and  Pick,  1913;  also  the  liver-veins  (Bemiu, 
tOT4):  the  intestinal,  renal  and  caronar}*  vessels  are  unaffected  by  dilute  solutknu, 
constricted  by  strong  solutions  (Pi&semsky,  1915;  Mautner  and  Pick,  1915).  The 
effects  on  blood  pressure  and  respiration  have  al«o  been  investigated  by  ZuntJc,  191  r. 

Notwittslunding  these  similarities,  there  are  sufucicat  differences  to  indicate  that 
anaphylaxis  is  not  due  to  the  formation  of  ordinary  albumoses  (Manwaring,  1910; 
Locwit,  T911  and  1912). 

Injections  of  VVitte's  peptone  have  been  proposed  for  the  treatment  of  henaophUi&, 
but  have  caused  fatal  hemorrhage  (Leceboullet  and  Vaucher.  1914). 

Resembtaoce  Co  Histamin. — Dale  and  Laidlaw,  igii,  call  attention  to  the  stiiktac 
Mmilarity  of  the  anaphylactic  and  peptone  ellecls  to  those  of  histamin;  and  sus^ted 
that  (he  active  principle  may  be  similar.  Certain  minor  differences  exist;/./.,  epmrph- 
rin  removes  ihc  bnmchial  spasm  of  peptone  anil  not  of  hblamin  (Januschke  and  PoUak, 
191J):  histamin  does  not  afTect  the  coagulation  of  the  blood  (Mod rake wski.  1913). 
etc.  It  is  suggestive  that  histamin  and  similar  amins  a.n:  among  the  products  of  the 
more  complete  digestiun  of  i>eptones. 

Other  substances  pi^ductng  analogous  or  identical  effecbt  are  the 
"Vasodilatin'*  of  organ  extracts  (Popielski,  1910,  191 1  and  1912);  Secrtiin 
(Bargcr  and  Dale,  1911;  Dale  and  Laidlaw,  191a);  and  HormonaL 
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These  substances  also  have  not  been  isolated,  bat  some  at  least  are  probably 
simple  bases.  Dale  and  Laidlaw  suggest  that  vosodilatin  may  be  impure  histamin. 
Norm.\i  urine  contains  pressor  substancirs  (the  urinary  bypertetisjn  of  AbeUnu), 
which  consist  mainly  of  iso-amylamin  CBain,  1914}. 


mTHITES.    NITROGLYCERIN,    \^D   OTHER    ALKYL    KITRATES     375 

HonnooAl.— Zuelzer,  1908,  believed  that  various  organs,  removed  at  the  height  of 
digestion,  contain  a  hormone,  which  stimulatea  perisulsis.  The  commercial  "Hormo- 
uJ-ZucUcr"  is  extracted  with  dilute  hydrocUloric  acid  from  the  spleen.  remo%'ed  during 
digestion.  It  i^  injected  iniravenouily  and  intramuscularly,  In  intestinal  paresis  and 
po&t-opcratlve  ileus.  Its  injection  has  often  caused  serious  and  even  fatal  collapse 
(RoBeakranz,  1913;  Seifert,  Ncbenwirkun^.^  1915.  p>  li^).  Mohr,  itjii;  Sabatowski. 
191 3,  and  others,  believe  that  the  active  priniiple  is  nlbumosc  or  a  similar  anaphy  lactoid 
wbsiince,  which  would  explain  the  fall  of  blood  pre«*urc,  and  by  (his  the  perbtallic 
effect.  Zuelzer,  igia,  attributes  the  accidents  to  containin.^tion,  and  now  prepares 
what  he  Mieves  to  be  a  purer  product,  hy  removinj^  the  proteins  through  boiling  and 
lead  acetate.  However,  latal  accidents  are  still  reported,  whihi  the  therapeutic  results 
are  very  inconstant  (Burianek,  1913).  It  seems  an  uncertain  and  dangerous  remedy 
(Ueaee,  1913)- 

An  expcricnentai  investigation  of  Hormonal  is  pubU&hed  by  Schlai^nweit,  1913- 
Weiland,  iqii.  state*  that  extracts  of  the  intestinal  mucosa  or  muscuUris  stimulate  the 
intestine,  excised  or  intravenously,  much  more  than  other  organ  extracts;  that  the  effect 
is  located  In  .\uerbacb's  plexus  and  isantaKuni2e<l  by  weak  atropin;and  he  believes  that 
this  h>'potbetic  substance  is  the  cause  of  the  automatic  movements  of  the  excised 
interline. 

Hirudin. — The  cer\'ical  (rlands  of  the  comnnon  leech  (Hirudo)  secrete  a  substance 
(hirudin,  hemopbilin)  whicb  delays  or  hinders  the  coagulation  of  blood  inside  and  outside 
of  the  body.  This  substance  Is  not  destroyed  by  boiling  or  by  alcohol.  It  appears  to 
be  a  deuteroalbumosc. 

Tkrrnptutic  Vie. — Leeches  were  at  one  time  used  extensively  for  the  abstraction  of 
blood  in  local  inflammations.  Drj*  or  wet  cupping  is  now  usually  substituted,  but  they 
t(C  stiil  employed  occasionally;  two  to  four  of  the  animaU  are  upplird.  Tlie  skin  should 
be  well  dcao^,  and,  if  necessary,  a  little  milk  should  be  rubbed  on  to  tempt  the  animals 
tobite.  They  should  not  \>i-  removeil,  but  allowed  to  fall  off.  They  cannot,  of  course, 
bt  used  again.  Each  leech  draws  from  5  to  7  c.c.  of  blood.  The  quantitv  may  be  some- 
what increased  by  applying  hot  fomentations  after  removing  the  animals.  It  Is  some- 
lines  difficult  to  stop  the  bleeding. 

For  experimental  use.  an  extract  may  be  prepared,  when  ncedc<l.  by  crushing  the 
Ittch-heacb  nilh  sand,  macerating  for  tu'O  hours,  and  ccntrifugalizing.  Each  kilogram 
danimal  requires  the  head*  of  three  leeches,  extracted  with  3  c.c.  of  normal  saline.  The 
tolution  loses  activity  on  standing,  more  slowly  in  the  cold. 

Immun'tMS'son. — Daily  intravenous  injections  of  hirudin  into  mice  creates  an 
inti-eoagulant  substance,  cUcclive  id  vivo  and  in  vUro,  destroyed  at  &5°C.  It  iiUo 
inoivatcs  fluorids,  but  not  the  cakium-precipitants.  The  mechanbm  of  its  action 
biiDot  yet  been  explained  (\'era  and  Ixo  I.oeb,  1914). 

VtiiUs. — Hirudin  iliktes  these,  in  frogs,  and  renders  them  less  Bcnsitive  id  epi- 
mphria  (Kahn,  1913;  Trendelenburg,  1915). 

Tone  £_ff«/j.— Fresh  preparations  may  be  injected  intravenously  in  sulTicient 
"(■atily  to  render  the  blood  non-roagukblc,  without  damage  to  the  animal.  Some 
WBiBcrcial  samples  of  hirudin,  however,  arc  highly  to.tic.  especially  to  dogs,  probably 
••KNi?!!  the  presence  of  putrefactive  ba;»e?.  The  symptoms  from  20  to  15  m^.  per  kilo- 
tf»m  in  dnpi.  consii^ter!  m  severe  hhmdy  diarrhea  and  continued  vomiling,  with  hemor- 
^*^  lesions  of  the  \'isccra  (Marshall,  1915)- 


I»ITRITES,  NITROGLYCERIN,  AND  OTHER  ALKYL  NITRATES 

General  Statement — The  nitrites,  the  nitrous  esters  and  the  organic 
i^tiWcs,  which  arc  reduced  to  nilrtles  in  the  body,  lc?.sen  tht-  tone  of  arte- 
ttil  muscle,  thus  producing  a  prumpi  fall  uf  blood  pressure.  Their  other 
*5«U  are  unimiHirtant.  They  are  used  (or  the  relief  of  arterial  spasm 
Wrf  other  conditions  of  high  blood  pressure. 

Members. — Thb  group  comprises  the  inorganic  nitrites  {NaNOt); 
l^ nitrous  esters  (amyl  nitrite,  ethyl  nitrite,  "Sweet  Spirits  of  Nitre"); 
ttd  sulrstances  which  liberate  the  nitrite  ion  within  the  body.  Most 
''^tanl  amongst  the  latter  is  glycerin  tri-nitralc  (nitroglycerin  or 
l»ooia),  which  is  easily  broken  up  by  alkalies  into  a  mixture  of  nitrates 
■n^miritea;  a  similar  change  occurs  in  the  body.    Erylhrol  letranitrate 
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and  Mannitol  hexanitrate  undergo  analogous  dccomposiUons,  but  much 
more  slowly.  Kveu  inorganic  nitrates  arc  reduced  to  a  slight  extent 
(Binz,  1901),  especially  by  the  putrefactive  bacteria  of  the  colon,  and  may 
then  give  rise  to  the  phenomena  of  nitrite  poisoning  (but  \hi&  requires 
very  large  doses  such  as  the  quantities  of  Bismuth  SubniUatc  ixscd  in 
Roentgen  diagnosis). 
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HydrozyUmuii  (NHiOH),  is  (]ccamposcd  in  the  body  into  nitrite  and  ammoi 
It  produces  the  effects  of  both  these  substances  (rocthcmof»lobin  formation,  convuls 
centr^  paralysis,  Lcwin,  iSSg). 

Differences  in  Activity- — It  is  {{enerally  assumed  thai  the  organic  nitrates  act  onlv 
after  beiiiK  rctluciril  to  nitritri;  hut  this  is  not  proven.  The  fact  that  esciwd  ve&seu 
react  promptly  to  thcst  nitrates  suggests  that  Ihcy  may  perhaps  act  directly.  It  Is 
also  remarliablc  that  tfir  efTeclivr  dose  of  nitroglycerin  is  but  a  hundnrdth  01  that  of 
sodium  nitrite.  Prt^sumably  the  organic  esters  penetrate  more  readily  into  the  cdh, 
and  perhaps  the  rwluction  occurs  only  after  their  iK-ncIratiun  or  there  may  be  certain 
peculiarities  in  the  reduction.  These  may  also  explain  individual  differences  of  tuscq>> 
tibilHy.  C.  K.  Marshall,  1012,  finds  that  the  introduclioa  of  OU  aod  COtU  group* 
into  ori;anic  nitrate^  diminishes  their  vasodilator  action. 

The  nitrates  of  monhydric  alcohols  are  less  effective  than  the  polyhydric,  probaUv 
because  of  sSnwer  decomposition.  Xitroplycerin  and  cry throl-tetranit rale  aclquana'- 
tatively  alike  when  cqui molecular  doscs  arc  injected  into  a  vein;  by  mouth  the  action 
of  the  erylhrol  ester  i^  weaker  and  more  prolonged,  because  it  is  much  less  soluble,  and 
therefore  more  slowly  absorbed  (Marshall,  1913). 

Reducing  Properties  of  Tissue.— Many  other  substaiKCs  arc  rediiced  id  the 
tissues;  such  are  methylene  blue,  arsenic  add;  the  oxids  of  tellurium  and  selenium; 
nitrobcnjEol  into  anilin;  sulphur  into  hydroccn  sulphid,  etc.  The  change  is  not  due  to 
ferments  (HetTler,  11)07,  'QO^)-  The  reducing:  i>ower  of  different  organs  varies  ereatly. 
Many  other  substances  are,  of  course,  oxidized  in  the  tissues,  the  processes  of  ox)d«tiin 
and  reduction  going  hand  in  band. 

Actions  on  the  Circulation. — The  most  important  effect  of  the  nitrites 
is  a  prompt  fall  of  blood  pressure,  due  to  vasodilation  by  direct  action  on 
the  blowl  vessels. 

Course  of  the  Vasodilation. — This  is  first  noticed  in  the  skin  of  the 
face,  in  an  area  similar  to  that  involved  in  blushing,  but  which  may  ex- 
tend over  the  entire  trunk  to  the  ilium.  The  meningeai  vesseis  undergo 
dilation  at  the  same  time.  There  is  consequently  redness  of  the  face, 
heat  and  throbbing  in  the  head,  and  headache.  The  flushing  of  the  skin 
is  brief,  but  headache  is  apt  to  persist,  especially  with  eiythrol  teira- 
nitrate.    The  retinal  vessels  are  also  dilated. 

At  the  same  time  the  heart  is  greatly  qukkened,  so  much  so  that  a  rise 
of  blood  pressure  is  frequently  obser\'eH  at  the  start  (Hewlett,  1906),  the 
dUatation  being  more  than  overcome  by  the  quickened  beat. 

The  dilatation  does  not,  however,  remain  confined  to  the  skin,  bat 
spreads  to  other  vt-sscls,  and  relaxation  of  the  splanchnic  area  in  particular 
causes  a  speedy /u//  of  blood  pressure  (Fig.  16)  and  a  dicrotic  pulse  (Fig.  17). 
The  fall  of  blood  pressure  is  due  entirely  to  the  extensive  vasodilatioa, . 
produced  by  the  direct  action  of  the  nitrite  on  the  arterioles.  The  vaao- 
motor  center  is  not  inhibited,  but  rather  stimulated  by  the  cerebral  anemii- 
(Pilchcr  and  Sollmann,  1914).  It  is  possible,  however,  that  the  prelimi- 
nary blushing  is  a  central  effect. 

Evidences  of  Vasodilation. — ^The  fall  of  pressure  occurs  equally  well 
when  the  cardiac  changes  are  excluded  by  atropin.     The  vasodilatation  can 
be  demonstrated  directly  by  inspection  (the  blushing);  by  plcthysmographSc  ' 
measurements  (Dossin,  191 1)  and  by  the  incrtrased  rale  of  vein  flow. 

Effects  on  Vein  Flow  and  Vein  Pressure. — burton-0[Utz  and  Wolf,  tgio,  M 
injecting  nitrite  into  the  femonil   artery,  found   the  vein   flow  and   vein  pccssufC 
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laercafled  to  tbe  corresponding  leg,  whilst  the  gcDcral  arteruiLl  pressure  wu  practically 
mcluQged.  If  lunyl  oithte  wad  iahaled,  the  vein  Bow  in  the  leg  decreased  with  tbe 
blood  proMirc,  because  of  the  withdrawal  of  tbe  blood  into  the  more  powerfully  dilated 

mpiMOchnic  vessels.    Cappa,  lot  1-  iqi^,  also  found  a  fall  of  vein  prci):<urc. 

/•  Man,  Hewlett,  loi^^,  found  increase  of  the  volume,  but  saif-dy  of  the  hlood  flow, 

ctf  the  arm.    Stewart,  1915,  showed  a  quite  definite  increase  of  tbe  blood  flow  of  the 

hMUd 

Tb«  DOator  Action  Is  Peripheral.— It  occuis  after  ligation  of  the  Uood  vessels  of 
tlse  bratn  (Mayer  and  Frtedricb,  1875);  after  destruction  of  tbe  spinal  cord  (Lauder 


IP10.    tft.— AnnrI    Nitrite  on  Caroti<l  PraMuf«,  Dog. 
DCad  liMft.     Tbe  Mpper  tractna  »  tBkm  frnm  a  nnrmi 
vaa  qntf  fcwiwi  by  Uw  iutril«  in  tha  upper  tracinK.  but  not  in  the  1ow«t, 


The  nilrite  n  inluleil  between  tfae  two 
»  takm  frnm  a  nnrinnl  doc,  the  lowrr  aJtCT  atropin.     The  heart 


Bruftton.  1869);  In  excised  organs  (Atkinson,  iftSS;  Marshall,  iS^R,  ctc.)^  and  even 
in  excised  arterml  segments  (Cow,  iqu).  Il  is  therefore  due  to  depression  of  the 
WBe  otf  the  vascular  musctilature.  There  are  as  yet  no  convincir\gdat.-i&.ilothepreciu 
wt^oC  tlie  action.  Strong  stimulation  of  the  vasomotor  nerves  raises  the  blood  pressure 
«♦*»  dunos  the  nitritr  fall  (Bernlicitn;  Ma>trand  Friedrich>.  The  nitrites  anr  said  to 
act  alter  degeccration  of  the  cervical  jtanRli-t.  It  seems  probable  therefore  that  they 
tbe  myoneural  {unction  or  muscle  substance. 


JUIUJUUiXJUJUUJU. 


^Ic.  IT — Atari  oitrite  aa  «Ithyi[uMHiiun:  a.  Normal;  h.  alter  inbalatiaa  of  (otir  drofMi 

wrtagoDJans. — Nitrites  are  mutually  antagonistic  with  most  vascular 
'Wilnctors ;  thus,  splanchnic  stimulation  (Bt-Tnhcim,  1S74),  epinephrin, 
^''P^iinthin,  etc.,  raise  the  blood  pressure  during  the  nitrite  fall;  and 
roovcTscly,  nitrites  lessen  the  rise  of  these  constrictor  agencies. 

^  iw anlaxonism  is  quantitative;/.!.,  sciatic  ftimulation  gives  the  same  millimeter 

[4uing  AS  before  the  nitrites;  asd  nitrites  i^vc  the  same  milUmeter  fall  during  as 

•  ttrophantbin,  hydrastinin,  jiituilary,  stryrhnin  or  ergot.    This  t>i^ests  that  tbe 

t  of  attack  of  tlie  nitrites  Is  different  from  that  of  the  pressor  agencies  (IHIcberand 

uaa,  [915). 

Cunrron.  1906,  proposed  to  utilize  the  antagonism  for  tbe  bio-assay  of  epinephrin. 
Hf  tiatei  that  0.6  mg.  of  nitrogl>-ccrin  exactly  neutralizes  the  presftor  effect  of  0.001$ 
■jof  enifK-phrin. 

The  VMomotor  Center. — This  Is  not  depressed,   but  rather  stimulated  by  Its 
awnii;  the  »tiniiilatir}n,  however,  can  nut  ovcnomc  iSc  peripheral  depression.     This 
[Jsihovn  by  the  pcrfu«un  ruperimenis  nl  Pilcher  nnd  Sollmann,  lO'S-     Similarly  the 
~  pressure  does  not  fall  if  a  nitrite  is  introduced  into  tbe  cerebral  circulation,  but 
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prevented  from  reaching  the  sy^temk  %'cs»d».  (Filehae,  1874,  had  cooduded  thai  the 
vasomotor  ccatcr  U  de[]rc5»cd.) 

The  Pulmonary  Circulation.— The  pulmonary  vtsscls  are  aot  so  markedly  dilated; 
indeed,  Macht,  1Q14,  found  con.'^trictinQ  in  exd<ie<l  pulmonar)'  arteries.  The  pressure 
in  ilic  pulmotiary  arter\'  is  generully  slightly  increaaed  (Bradford  and  Dean.  1H94; 
recent  literature  in  Wagers,  1911).  Tlic  nsc  is  probably  due  partly  to  the  cagorge- 
tncnt  of  the  large  veins. 

The  Coronary  Vessels. — The  outflow  from  the  coronary  veins  is  in- 
creased in  intact  aniraals  (F.  Meyer,  iqiz;  Scbloss,  1913)  and  in  excised 
mammalian  hearts  (O.  Loeb,  1903).  The  coronary  vessels  are  therefore 
dilated  (also  excised  arterial  rings;  VoeglUn  and  Macht,  1913);  and  the 
coronary  circulation  is  Improved.  This  explains  the  beneAdal  action  in 
angina  pectoris. 

Intraocular  Tension. — This  is  raii>cd  by  amyl  nitrite,  even  when  the 
general  blood  pressure  is  lowered  (Wessely,  1915).  This  enjoins  caution 
when  using  nitrites  in  ■^lattconm.  The  retina!  vessels  are  also  dilated 
( Hi  rschf  elder,  1915). 

The  Tachycardia. — This  Is  due  mativly  to  depression  of  the  vaRus  center,  for  after 

section  uf  ihc  vagi,  or  after  atropin,  nitrites  cause  but  little  further  acceleration  (Ma>~er 
and  Fricdric-h,  1875).  The  slight  remaining  quirkening  i<i  .-ibo1i<ihe<l  by  dividing  the 
ftcceleraton  (Uossin,  1911).  The  rate  of  the  excised  heart  b  not  changed  by  aitrites 
(Plumier,  1905).  The  exciubility  of  the  vagus  trunk  to  direct  electric  stimuiatino 
persists. 

_  The  de]>rcs3ion  of  the  vagus  center  is  due  to  the  fall  of  blood  pressure,  and  not  to  a 
direct  action  of  the  nitrite,  for  no  quickening  occtirs  If  the  pressure  U  kept  level  by  partial 
compression  of  the  aorta  (Filchne,  1S79;  Sollmann).  The  va^gas  center  nuy  stiD 
respond  to  strong  reflex  stimulation  [Mayer  and  Friedrich). 

J»  man,  the  accclcrutlon  on  inhaling  amyl  nitrite  i-!  considerable,  often  to  double. 
No  acceleration  occurs  in  bmrt-block.  This  has  a  diagnostic  value,  similar  to  attopio 
{Belloir  and  DuBos,  i(>i,i). 

Character  of  Pulse.^As  the  result  of  the  quickening,  the  excursions  of 
the  heart  are  smaller.  The  blood-pressure  waves  appear  particularly  low, 
because  the  pressure  wave  is  more  readily  dissipated,  on  account  of  the 
dilatation.  The  pulse,  on  the  other  hand,  may  be  bounding,  because  the 
arteries  are  emptied  more  completely  during  cUastole. 

The  heart-muscle  shows  no  important  direct  change;  however,  the 
better  coronary  circulation  and  the  lowered  peripheral  resistance  may 
improve  and  relieve  a  weakened  heart  (MacNider,  1908). 

The  excised  majnmalian  heart  is  scarcely  aSected  by  moderate  doses,  perhaps 
slightly  stimulated,  then  de[)re,<(sed  (Loeb,  iqoj;  Pluoiier,  1403;  Dosain,  1911). 

The  f«tr«f/re£'j  Acarf  may  be  quickened  by  low  concentrationj  (t:to,ooo}:  higher 
concentrations  weaken  (1:5,000),  or  stop  (1:1,000)  the  contraction.  ^H 

Methemoglobinemia. — Excessive  doses  of  nitrites  form  methenwv 
globin  (CJamgee,  iStiS)  and  this  causes  cyanosis  and  asphyxia.  However, 
since  the  blood  corpuscles  are  not  destroyed,  the  animals  generally  recover. 

Respiration. — 'This  is  accelerated  (Mayer  and  Fricdrich),  probably  by  the  changes  ia 
the  blood  and  circulation. 

The  Bronchial  Muscles. — These  arc  rclaxe<l  by  nitrites  (Doyon,  1906;  excised,  Tilunc, 
IQ13;  giirviviiip;  lung',  Bacbr  and  Pick,  iQtjJ.  This  may  expbin  their  use  in  astkma. 
lae  imokc  of  the  "Cliarta  I'otasst  NitraUs"  (pnncr  impregnated  with  saltpeter) 
probably  ijwc-s  a  part  of  it*  effect  to  nitrite  coimxmnos. 

Oall-bladder. — This  is  rtlaxed  b^'  nitrites  [Ueb  and  McWhorter,  1915). 

Intestinal  Muscle. — Hirschfelder,  igi$.  finds  that  the  systemic  administratioa  of 
nitrites  rcLaxc;  the  intestinal  constriction  produced  by  lead  salts.  Ii  baa  bees  used 
dioically  in  lead  colic,  but  urith  limited  success. 
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Sifvatioo. — NUrilH  c<uue  Mme  slight  InterfertDce  with  th<f  digntU-e  (crmcat^ 
(S&Jf,  1910);  but  probably'  not  enough  to  be  iinp«>rtiint.  Sodium  citrite  is  «.uppo««ii 
to  |kni>duce  &oin«  i^'^iric  irntaiion,  by  the  liberatioa  of  nitrous  acid — Um  is  not  suBtcient 
to  uaierierc  iv-itli  il&  therapeutic  um. 

XJriae. — The  variations  pcoilucnl  in  the  secretion  of  urinf  appear  to  be  purely  sccon- 
iary,  and  wiUdepcndupon  whether  the  renal  arterioln  or  those  of  the  general  circuUt  ion 
ire  rdalivdy  more  dilated;  the  former  ciiu&iiig  au  increase,  the  latter  a  diminution,  oi 
irine. 

/n  pati€nl$  with  excessively  Irigk  Nwd  pressure,  the  nitrites  generally  tncrcBM:, 
Bxu^time*  quite  roosiderably,  the  cxcretbn  cm  urine,  nitrogea,  total  solids  and  phenol- 
•ilpbooephthalcin  (Laorrcacc,  1913). 

Pressure  of  the  Cerebrospinal  Fluid. — Thw  is  increased  by  amyl  nitrites,  presum- 
A»ly  throuRh  the  methemoglobin  asph>iia  (Uixoa  and  Halliburton,  1913  and  1914). 

The  eQccts  on  mdJboiism  have  been  studied  by  Sun'e>*or,  1906. 

Temperature. — Small  doses  have  no  effect  on  normal  temperature, 

>ut  are  antipyretic  in  fever,  by  dilating  the  skin  vessels  (Jacobj,  1913; 

pLrauss,  1913).     Ethyl  Nitrite,  as  "Sweet  Spirits  of  Niter,"  has  been  used 

K>pularly  as  a  diaphoretic  and  diuretic.     Its  action  Is  not  very  energetic. 

ge  dose^  of  nitrites  also  lower  the  normal  temperature  by  depressing 

ihe  circulation. 

Faif. — Some  60  to  70  per  cent-  of  the  nitrites  disappear  in  the  body, 
Llicir  fate  t>cin)z  unknown. 

Rapidity  and  Duration  of  Action. — This  constitutes  the  principal 

difference  between   the  members  of  the  group.    .\myl   nitrite,  when 

inhaled,  acts  in  ten  to  fifteen  seconds,  the  action  disappearing  again  within 

sc\-cn  minutes.     GIycer\l  trinitrate,  ethyl  nitrite,  and  sodium  nitrite 

icl  in  two  to  ten  minutes,  the  action  persisting  a  half  to  two  hours.     With 

erylhro!  nitrate,  the  effects  appear  only  after  half  an  hour,  and  last  five 

bour3  (Wallace  and  Ringer,  1909;  E.  Matthew,  1909;  Rzenkowski,  1909; 

J.  L.  Miller,  T910). 

Thr  lotloHind  table  from  Matthew  fthowa  in  detail  the  average  relation  for  oral  ad- 
^^trklioQ  in  man.  (T\k  (all  in  diastolic  prcsaute  la  about  hall  of  that  in  the  systolic 
***«««:  LawiTOce.  igiz.) 
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^Mticnce  of  Dosage. — The  extent  of  the  fall  increases  with  the  dosage, 
-;tM;  htTominc  progressively  smaller.     The  duration  of  the  action 

mucli  intltifnccd  bv  the  doi^age. 

ice  of  Pathologic  Conditions. — The  average  effect  is  about  the 
fUseasc  as  in  health.  In  cases  of  abnormally  high  blood  pressure, 
lute  fall  is  greater,  but  the  percentile  fall  and  the  duration  are 

I'Wallacc  and  Ringer). 
[:yncrasy. — DifTerent  patients  vary  considerably  in  their  reaction, 
|e  fail  entirely  to  respond  to  the  nitrites,  ei^iJCciaUy  those  with 
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chronic  Bright's  disease  and  edema,  but  also  in  other  conditions.  Some- 
times one  member  of  the  group  will  succeed  when  another  iaib.  No 
result  need  be  expected  if  the  arterial  fibrosis  has  destroyed  most  of  the 
muscular  fibers.  The  tolerance  is  often  very  marked.  In  other  patients, 
even  small  doses  caused  alarming  syncope  and  cardiac  slowing.  The 
severity  of  the  headache  is  also  variable. 

Habituation. — This  usually  occurs  more  or  less  if  the  administration 
of  nitroglycerin  is  continued,  often  in  two  or  three  days.  The  dosage 
must  then  be  increased  or  the  response  disappears.  Suspension  of  the 
administration  for  a  few  days  may  restore  the  susceptibility.  Matthew 
claims  that  the  tolerance  is  not  acquired  with  sodium  nitrite  or  erythrol 
tetranitrate. 

Therapeutic  Use  in  Arterial  Hypertonus. — The  nitrites  are  employed 
mainly  for  reducing  the  blood  pressure  in  ronditions  of  arterial  hj'pcrtonus- 
The  effect  is  not  curative,  but  the  symptomatic  relief  of  the  headache, 
etc.,  is  usually  marked,  outlasting  the  blood -pressure  e£Fect  of  the  single 
doses.  However,  they  usually  lose  their  efficiency  after  a  short  time. 
Increasing  the  dose  generally  produces  unpleasant  symptonjs — headache, 
restlessness,  sometimes  dyspnea.  They  must  therefore  generally  be 
alternated  with  venesection,  sweating,  nauseants,  etc.  The  effect  of  these 
is  usually  less  marked  but  mure  lasting  (J.  L.  Miller,  1910;  C.  H.  Lawrence, 
igi2).  Nitroglycerin  and  sodium  nitrite  appear  to  be  the  most  useful; 
the  action  of  amyl  nitrite  being  too  brief,  whilst  erythrol  letranitrate 
often  causes  intense  headache.  Sodium  nitrite  is  said  to  give  least  head* 
ache  (Hewlett,  1912). 

Administration  and  Dosage. — The  dosi^  of  the  nitrites  should  be  kept 
as  low  as  possible,  to  prevent  the  rapid  development  of  tolerance.  It 
is  best  to  give  just  enough  to  cause  a  slight  quickening  of  the  pulse,  and 
feeling  of  fulness  in  the  head;  or  a  fall  of  systolic  pressure  of  about  30  mm. 
This  dose  may  be  given  four  times  a  day.  The  initial  dose  may  be  0.5  mg. 
(Hoo  gT-1  f'f  nitroglycerin,  increasing  gradually.  The  equivalent  doses 
of  the  other  nitrites  are  shown  on  page  $y<).  The  treatment  may  be 
intermitted  for  a  few  days  in  every  two  or  three  weeks,  starting  again  with 
a  smaller  dose.  Hy|)odermic  injections  are  rarely  needed,  the  drugs 
being  readily  absorbed. 

Cardiac  Insufficiency. — The  relief  of  the  heart  from  e.xces»ve  resistance 
may  render  nitrites  useful  in  these  conditions.  Nitroglycerin  (1  mg.) 
is  used.  gL-iierally  in  combination  with  Digitalis. 

Angina  Pectoris. — The  inhalation  of  amyl  nitrite  was  introduced  by 
Lauder  Brunton  in  1S67.  In  some  cases  (presumably  with  spasm  of  the 
coronary  arteries)  the  relief  is  complete;  in  others,  probably  of  different 
patholog>',  it  is  ineffective.  One  to  3  drops  of  the  promptly  acting  amyl 
nitrite  are  inhaled.  It  may  be  carried  in  thin  glass  capsules,  "pearls," 
one  of  which  is  crushed  in  a  handkerchief,  as  needed. 


Hicraiae  sometimes  j-ieldit  to  nilritcs,  prcsumablv  in  those  coma  attributed  to 
of    the   cerebral  arteries.     Epilepsy  is  also  said  to  E^c  somrtimc?  benefited.     Rclid  of 
iMid  colic  (KJc)!cl,  I^47R)  hoA  been  claimed,  but  the  elliciency  i»  at  be$.t  unrcUnble. 

Internal  Hemorrfaage.— The  lowered  blood  pressure  would  tend  to  arrest  bcmorrhagr 
but  the  blectling  would  be  favored  by  the  direct  dilator  action.  The  mtdlant  of  Th«e 
opposite  tendencies  is  difficult  to  foresee,  and  probably  varies  with  different  conditions. 
Nitrites  would  therefore  be  unrcJiabk  remedies.  ExperimcutaUy,  Frey,  1909,  found  a 
Blight  increase  of  puImDcary  hemorrhage;  LisJn,  i(r07,  claims  dinuDutioQ  of  intestinal 
hemorrhage. 
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Uctoward  EfEects. — Occasionally,  therapeutic  closes  may  cause  fainting. 
''Ot  her  side  actions  which  may  occur  are  localized  edenaa,  excessive  sweating, 
aa«d  visual  disturbances  (Cornwall,  1913). 

Toxic  Effects, — Nitroglycerin  has  a  toxicuEugic  importance  from  Its  u»c  oa  an  vxplo- 

si'v-^.     Overdoses  produce  iwiusea,  vomiimR,  colic,  and  sometime*  bloody  diarrnea. 

Ttie  Bidn  u  tlusbod  and  perspiriQg.    There  is  vertigo  aad  persistent  thrubbinx  headache; 

rB.rdy  blindncsji  and  delirium.     The  mpiralion  is  lirU  hyperEim-ic,  theii  dysunric  and 

ilo-wed.    The  surface  becomes  cold  and  tyanotic;  the  pulse  h  gradually  slowea,  dicrotic 

and    intermittent.     I'aral^'sis  sets  in,  and  is  followed  by  clonic  convul^iions.     The 

TeBexr&  are  lost.     Death  occurs  by  failure  of  respiration,  after  four  to  seven  hours. 

The  faiai  dost  varies  greatly.     D.  D.  Stewart,  1905,  rcporu  a  patient  in  whom  30  gr. 

ui  absolute  nitroglycerin  produced  only  slight  efiects. 

Absorption. — Nitroglyicrin  is  readily  absfirbed.  F.ven  the  application  of  It  to  the 
ikio  caufeiA  some  cQcct,  and  persons  engaged  in  its  manufacture  suScr  severely  from 
headache  durinR  the  first  few  days.  After  thi^i,  however,  they  appear  to  l>e  quite 
an^ectcd,  unless  they  leave  worfc  for  several  weeks  and  then  resume  the  occupation. 
The  work  is  said  to  be  not  unhcolthful.  The  local  action  on  the  hands  may  reuilt  in 
tkin  eruptions  and  ulcerations. 

Smairleis  %»np<rwdfrs  (nitroglycerin,  nitrocellulose,  etc.),  when  ciplodcd,  liberate 
pses  which  produce  the  combined  effects  of  nitrites  and  asphyxia.  The  principal 
products  are  NOi  (nitrogen  peroxid)  and  CO  (K.iefer,  1005).  Tht:  vasodilation  and 
Uchycardia are  followed  by  persistent  beatL-tche  (''powder-headache"),  which  does  not 
fttd  to  acetaniUd,  etc.,  but  i^  best  treated  by  strong  coffee,  and  poultices  applied  to  the 
hack  of  the  neck. 

Sodium  nitrite  produces,  in  animals,  symptoms  similar  to  those  of  nitroglycerin 
IDotsin.    igiiV 

Aajl  nitrite  also  has  similar  effects  (Rosen,  1&S8). 

PREPARATIONS — NrFRJT  E-CROUPS 

*Amylii  SUris  (Amyl.  Vitris),  U.S.P.;  Amyt  Silris,  B.P.;  Amyl  Nitrite.— A  liquid 
ceotaining  not  less  than  So  per  cent,  of  C^HllNOi  (chiefly  iso-amyl  nitrite).  A  clear, 
jtUowiih  liquid;  peculiar,  clhernral  fruity  odor;  pungent  aromatic  taste.  Almost  insoL 
iBwiter,  mtscible  with  ale.  or  cth,  Amyl  N'itnte  is  very  volatile  even  at  a  low  tem- 
ptniurt,  and  is  inOammablc.  Dose,  by  inhalation,  0.3  cc,  5  minims,  U.S.P.;  0.13  to 
ajM.,  a  to  5  mininu,  B.P.  It  may  be  carried  in  thin  glass  capsules,  "pearls,"  one  of 
vUcti  is  crushed  in  the  handkerchief  as  needed. 

Unlint  Telranilratf,  K.N.R.  (Tclranitrol),  CiHi(KOj)4-— Coloriess  and  tasteless 
crfitui,  sol.  in  ale,  insol.  in  water.  Dangerously  explosive.  Dose,  0.03  to  0.06  Gm., 
nhl  gr.,  V.N.R.,  in  tablets  of  0.03  Gtn. 

fi(,  ktiiyl  .Mlril.,  B.P. — J.5  to  3  per  cent,  of  CjHt-NOj  in  alcohol.  Dose,  i  to  4  cc, 
1$  to  bo  minims,  R.P. 

-*^piritiu  .£ihfrii  Mtrosi  (Bpir.  Aeth.  Nil.},  U.S.P.,  B.P.;  Spirit  of  Nitrous  Ether 
(S*ttt  Spirit  of  Niter), — An  alcoholic  solution  of  etliyl  nitrite,  CsHiNOt,  containing 
•^t  4  per  cent.,  U.S.P.;  3  per  cent.,  B.P.  (It  also  contains  aldchyd,  paraldchyd 
■•J  tldyl  nitrate;  but  these  do  not  contribute  materially  to  its  action;  Marshall  and 
wldmt,  1915).  A  pale  yellowish  liquid,  of  ethereal  odor  and  sharp  taste.  Miscible 
*lli_»atcr  a.nd  alcohol.  Deteriorates  readily.  Incompatible  with  antipyrin,  morphin 
■•iwdids.  Brownish  color  with^licylates;  slight  effervescence  with  uva  ursi.  buchu, 
'fllKtUtes.  The  addition  of  water  throws  ethyl  nitrite  out  of  solution,  which  then 
♦J^witei  rapidly,  lowering  the  strength.  Dilution  should  therefore  be  made  shortly 
Wwe administration  (Marshall  and  Gilchrist,  1915).  Dose^  »  cc,  30  minims,  U.S^.; 
^'"♦cc.,  15  to  &o  minims,  B.P. 

'S^M  GlyceryHs  Mtratis  fSp.  Glyceryl.  Nit.),  U.S.P.;  lit}.  Trimtrsni,  B.P.; 
TWofClycer^'l  Trinitrate;  Solution  of  Trintirin  (Spirit  or  Solution  of  Nitroglycerin 
yCtOnain). — .\a  alcoholic  solution  of  i  per  cent,  of  CjHi(NOi)i.  A  clear  colorless 
%M,<rith  odor  and  taste  of  alcohol  ftliscihlc  with  water  and  alcohol.  Dose.  0.0s 
^Mnrinim,  U.S-P.;  0.03  too.u  cc,  H  to  2  minims,  B.P. 

'r«Wte  Trinilrini  (Tab.  Trinitrin,),  B,P.^.s  mg.,  '-fao  gr.  Dose,  1  or  j  tablets. 
'2*Mmincrdal  tablets  are  fairly,  although  not  quite  uniformly,  active.  They  do  not 
*'*»»f»tc  ver\'  rapidly  (Kdmunds  and  Roth.  1908;  Kippetoe  and  Smith,  1914). 

*Jf»i  .Vi/m,  L  .S.P.,  B.I'.;  Sodium  Nitrite,  NaNO,.— Freely  sol.  in  water  (1  : 1.5). 
*»'.o.o6GnL,  I  gr.,  U.S.P.;o.03too.ia  Gm.,  >ij  to  3  gr.,  B.P.  Maximum  dose,  0.3 
"■^Jgr. 
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THE  DIGITALIS  GROUP 

General  Statement— Digitalis,  Strophanihus,  Squill,  Apocynum, 
Barium,  and  a  number  of  other  drugs  increase  the  tone,  excitability  and 
coniratiility  of  cardiac  and  arterial  muscle.  The  vagus  center  is  also 
stimulated.  With  therapeutic  doses,  these  actions  result  in  slower  but 
more  powerful  beats  of  the  hejirt,  which  bring  about  compensation  in 
valvular  cardiac  lesions  and  thus  relieve  the  symptoms — the  irregularities, 
edemas,  congestions,  dyspnea,  etc.  Under  these  conditions,  there  is 
often  marked  diuresis.  The  blood  pressure  is  generally  undianged  in  man, 
usually  increased  in  animals. 

The  effects  set  in  slowly  on  oral  administration;  almost  immediately 
on  intravenous  injection.  They  tend  to  be  cumulative,  and  to  outlast 
the  administration  for  a  considerable  time. 

Toxic  doses  produce  vomiting,  cardiac  irregularity,  and  sudden  heart 
failure.  The  recognition  of  these  toxic  effects  is  important  since  they 
often  arise  from  the  cumulative  action. 

The  members  of  the  group  are  local  irritants.  Their  hypodermic 
injection  is  painful.  Their  absorption  from  the  gastro-inteatinal  canal 
is  slow  and  often  uncertain. 

The  active  principles  are  generally  neutral  glucosids,  and  therefore 
rather  unstable,  especially  in  add,  aqueous  solutions.  Digitalis  contains 
several  distinct  glucosids  with  similar  actions,  of  which  the  crystalline 
Digitoxin  is  the  most  iniportanl.  The  various  "slrophan thins"  arcderivcd 
from  several  plants.  They  arc  chemically  related,  but  differ  in  activity 
and  toxicity  according  to  their  origin. 

All  the  characteristic  digitalis  eflFects  are  produced  by  all  the  members 
of  the  group,  so  that  a  single  description  will  sufFice.  The  differences 
between  them  arc  only  quantitative.  So  far  as  they  are  known,  they 
will  be  pointed  out  as  occasion  arises. 

Drugs  Producing  Digitalis  Effects. — ^A  coosidcrabk-  number  of  drugs  conlaimoi 
glucci^ida  \v-ilh  "dij^talis"  .^cliun  arc  used  in  mnlical  practice;  such  u  Digiutfs, 
StrophanthuSr  Squill,  and  .\pocj-nitn).  Of  less  practical  importuncc  are  UcUcIxhiis, 
Adonic,  Convallaria,  Oleander,  Lheirantlius,  etc.  UiKilalwid  glucosids  are  imporluit 
constituents  of  arrou^poisons;  viz.,  strophanlhin,  ouabain,  antiarin,  acocantbcrin,  etc. 
(Trendelenburg,  1909).  The  toxic  princiijles  found  in  the  skin  and  blood  of  the  com- 
mon Uiod  (Bufanin  and  BufotaJin)  produce  typical  digit.-Ui3  effecW-  Thry  appear  to 
be  non- nitrogenous  derivatives  of  cnolcsteriii  (review,  Faust,  1910).  A  very  similar 
principle  (Bafagln')  is  cnntained  in  the  "parntid"  glands  of  the  trofMcal  toad,  Bufa 
acua  (Abel  and  Macht.  igii).  Frogs'  <ikin  also  has  a  similar  but  much  «xakcr  actioa 
[Fuehner,  1910).  Erylhrophlein,  a  glucosidal  alkaloid,  can  be  counted  in  the  gnniji. 
Other  ailcaloids — verairin,  caffeEn,  curin,  epinephrin — remind  lomewhat  of  diidtalis. 
but  arc  not  tj-pical.  Barium  salts,  alkaline  hydrates,  and  even  normal  saline  sofutioot 
produce  cardiac  action?  which  resenibk  digitalis,  bul  the  reumblance  may  oiOy  be 
superficial. 

Active  Constituents  of  Digitalis. — These  comprise  a  number  of  gliKO- 
sidal  principles,  of  which  digitoxin  is  the  most  important. 

Well-defined  chemic  principle*  were  first  isolated  by  Schmiedcberg,  1875;  Us  resulu 
were  generally  coDfirmcu  end  extended  by  Kitiani,  1890  to  1899;  but  our  knowledge  m 
still  incomplete  and  ihc  nomeaclature  confusing.  Some  if  not  alt  of  the  amor)ihou« 
products  are  probably  mixtures.  The  difTrrcnt  glucosids  yield  characteristic  decom- 
position products.  Merck,  lou.  in  his  "Reports."  vol.  7$,  Kraft,  191a  and  Kfliani, 
19131  ■9i4<  gi^'c  3  summary  01  out  present  knowledge. 

Pure  Principles, — These  can  be  conveniently  divided  into  four  classes: 
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I.  Crystalline;  alcohol-soluble:  Digiioxin,  Schm.,  K.il.'*  CaiH^jOn. 
t'his  is  the  best  defined,  most  abundant,  most  active,  and  therefore  the 
most  important  of  the  constituenu'of  the  leaves  (0.22  to  0.4  percent.),  but 
does  not  occur  in  the  seeds.  It  forms  crystals,  readily  soluble  in  alcohol 
or  chloroform,  difficultly  soluble  in  water  or  ether.  It  can  be  split  into  a 
bexo&e  (digitoxose)  and  the  crystalline  digitoxigenin  Kil.  It  is  easily 
destroyed  by  ferments.  It  produces  all  the  characteristic  digitalis  effects, 
but  some  of  the  undesirable  sdde  actions  are  too  prominent. 

Digitopkytlitt,  K3.,  h  a  similar  cr>'slalline  principle  of  the  leaves.     Anhydrogtialin, 
Krait,  ts  also  a  dosely  related  constituent  of  Digitalis  infuKionit. 

2.  Amorphous;  alcohol-soluble:  Digitalin  Vcrum,  Schm.,  KiL:  Cu- 
[HiaOH-    Occurs  in  the  leaves  and  seed.    Slightly  soluble  in  water,  chloro- 

lorm  and  ether.  Splits  into  dextrose,  digitaligenin  and  digitalose  Kil. 
Produces  typical  digitalis  effects,  being  about  half  as  acUve  as  digitoxin. 
The  name  "digitalin"  is  often  misapplied  to  other  products  and  nujctures. 

3.  Amorphous;  water-soluble:  Digitalem,  Schm.,  Ki\.;GUalin,  Kraft, 
1911,19x2;  and  Digakn,  Cloetta,  are  probably  mbctures  (Killani,  1913, 
1914)  of  related  substances.  They  occur  in  the  leaves  and  seed.  Insoluble 
in  chloroform.  They  produce  digitalis  effects.  (The  name  "digitalein" 
was  formerly  also  applied  to  other  products.)  - 

4.  Water-soluble  saponins:  DigUonin  {Digitsaponin);  this  occurs  in 
&cr)'$talline  and  amorphous  form.  The  crystalline  is  less  readily  soluble 
in  i-aier.  Both  are  only  slightly  soluble  in  alcohol  and  lipoid  solvents. 
TTic  crystalline  Digitonin  Kil.  was  considered  a  definite  substance,  which 
can  be  split  into  a  hexose  and  digitogenin;  but  Windaus  and  Schnecken- 
bwger,  1913,  consider  it  a  mixture,  from  which  they  have  isolated  Gitonin. 
The  amorphous  Digitonin  Schm.  (Digitsaponin,  Kraft)  is  probably  a 
miilurc  of  the  crystalline  with  several  amorphous  saponins  (Kraft). 
TTk  digitonins  are  precipitated  by  tannin;  they  combine  with  many 
akohols  and  phenols  to  crystalline  compounds.  Digitonin  does  not  pro- 
duce the  digitalis  effects  but  has  the  Irritant  and  hemolytic  properties  of 
tlttuponin  group.  The  digitsanonins  of  the  leaves  are  not  hemolytic 
(Robert,  1912). 

baettre  Prisciples. — A  number  of  these  have  been  isolated,  >uch  as  the  crystalline 
gwwiij  jiVmi  and  iHgin,  Kraft,  191  j,  from  the  leaves. 

Commercial  Digitalins, — These  are  impure,  often  variable,  mixtures 
ol  digitalis  principles.     The  following  are  the  most  important  varieties: 

iKfiltfiin  ^^ Aitutrpkitun;"  generally  means  French  or  Belgian  digitalin  (diKilallne 
^JKotonnique) ;  uncertain  composition;  insotubLc  in  water  (perhaps  mainly  Digitalin 

SulD.). 

^ifiM/in  "Crystallktd;"  objectionable  5)-non>'ni  for  Digitonin;  for  NativeUe 
''twcht.  and  for  Digitoiin. 

,  t>itiUitin  "HomolU;"  mixture  of  glucosids;  mainly  true  Di^talin;  practically 
iwoluhtt  in  w-ttter. 

ft(irt/iM  "  SiUivtUt;'"  crystalline,  probably  mainly  Pigitoxin  or  Digllopliyllin. 

iK|i(«/tN  "Germanf  amorphous  tnisturc  from  seed;  contains  principiilly  Digitonin 
uotoAo  per  cent.)  and  9ome  Digitnlin  vcrum  (5  to  6  percent).,  ana  Digitoldin.  Sulubic 
i"  nter  or  alcohol. 

^vtlenic    Digitalis    Preparations. — 7'he    marked    differences    in    the 

*wibility  of  the  pure  prinrijilf.s  is  much  less  important  in  the  galenic 
pftparations.  Even  digitoxin  is  largely  extracted  from  the  leaves  by 
*"<r,  presumably  by  the  solvent  action  of  the  digitonin;  so  that  a  1:10 

'  Sdm.  ■■ScfamitdebeTg;  Kit.  ■■  KiliBiii. 
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infusion  contains  two-thirds  of  the  digitoxin  of  the  leaf.  The  effects  of 
the  infusion  and  tincture  are  therefore  nearly  equivalent.  The  infusion 
is  practically  inferior  because  of  its  rapid  deterioration. 

Variations  in  the  Alcoholic  eLtrcngth  of  the  menstruum  between  35  and  05  per  cent, 
make  little  difference.  The  Suidextract  is  unreliable,  being  only  three  times  as  active 
as  the  tim-lure,  instead  of  ten  limes,  as  it  should  be  theoretically  (Hale,  191 1 ).  Glycerin 
extracts  are  inferior  (Kippetoe,  1910).  Acidi6ed  extracts  are  weak  and  unreliable 
(Pearson,  i()ij). 

Powdered  dij^italis  is  often  used,  but  is  rather  more  irritant.  All 
things  considered,  a  good  standardized  Tincture  is  still  the  best  and  most 
reliable  preparation. 

Deterioration  of  Digitalis.— The  prioctplcs  arc  stable  when  dry  or  in  alcoholic  solo- 
tions;  bat  like  alJ  glucosidi,  ihcy  are  suDJcct  to  decomposition  in  the  pmcncc  of 
water,  especially  by  bacteria,  moulds  or  adds.  ThtA  results  in  toss  of  activity;  there  is 
little  evidence  for  the  statement  that  the  toxicity  is  increased.  J.  Locwy,  ioo6, 
claimed  that  an  inftisiim  lost  np.irly  25  per  cent,  of  its  activity  by  standinjf  twenty-lour 
hours  at  room  temperature;  but  Hatcher  and  Egglcston,  191 5,  found  it  prscticallv 
unchanged  a  week  or  longer  un<]er  OTdinar>'  conditions.  TTie  addition  of  alcohol  15 
not  necessar)'.  Acids  art  incampalible  with  the  dtgilaloul  gituorids,  although  tbey 
have  been  emfiloyed  in  some  of  thi;  preparations, /.t.,  of  Squills. 

The  tinctures  and  preparations  containing  at  least  sopcr  cent,  of  alcohol  do  not 
delertorate  materially  (Sharp  and  l*ankasler,  igio;  and  Hale,  1911,  claim  a  Jight  de- 
terioration after  a  year).  S>Trcs,  191J,  found  that  the  B.P.  tinctures  begin  to  deterio- 
rate in  three  to  five  months.  After  a  year  or  two  they  reach  a  level  after  wbich  further 
detert'O ration  is  very  slow.  The  Jry  leaves  keep  inrle&nitely  (Sharp  and  Lankaster; 
Hatcher  and  KpKlcston ,  1913),  so  long  as  they  are  not  mouldy,  without  the  necesMty 
of  the  elaborate  nrecaulions  advocated  by  Fock,  1906.  They  are  not  injured  by  heat 
of  ijo^C.  but  suffer  above  140°  (Hale,  191 1). 

Chemistry  of  Strophanthins. — Great  confusion  exists  as  to  the  identity 
and  relations  of  ihc  several  kinds  found  on  the  market  and  isolated  l^ 
different  investigators.  This  is  due  partJy  to  incomplete  knowledge 
of  the  plants,  partly  to  ignorance  of  the  constitution  of  the  substances; 
and  largely  also  to  careless  nomenclature.  They  are  sometimes  denoted 
by  prefixing  the  first  letter  of  the  species  from  which  they  are  obtained; 
/.I.,  g-slrophanthin  from  S.  gratus,  etc.  The  strophanthins  are  glucosids, 
differing  quantitatively  in  their  actions  (even  the  similarly  named  commer- 
cial specimens,  Heffter,  1909). 

The  numerous  species  of  Slrophanthua  (ApocynaccK)  and  other  plants  were  uied 
by  the  natives  of  .Xfrita  for  the  manufacture  uf  <i/T(ia-/ftrj<mj.  The  njpewi/ pae»ei«i 
arcthescedsofStrophanihusKombi  (U.S.P.,  B.I'),  andS.  hispiduaCL'.S.IM,  Thestro- 
phanlhin  originally  isolated  by  Frascr,  1870,  was  the  amorphous  Kumb(  variety  (Gilg. 
IQ04).     The  following  outline  i.i  based  mainly  on  the  paper  of  Ileflterand  Sachs,  igia. 

Strophaothio  amorphous  (Slronhanthin-BoehriDger)  is  the  olBcial  stropbaQtitin. 
It  occur^i  in  the  KomW  and  bispitius.  The  two  are  vef>'  similar,  probably  IdcaticaL 
Komb£  further  fields  a  crj-stalline  straphanthin  (Houghton,  igit;  Braunsand  Ctosaoo, 
■Qt  j.  ■9>4)  which  h  very  siniilnr.  Tnc  amorphous  is  sIiKnlly  more  toxk  for  rabhits 
than  the  crj-stalUne  KombS.  .^11  three  are  hydroLyzed  by  acids  with  the  prtxlucUon 
of  the  crystallini.'  Strophanthidin,  CviHjiOi.  This  is  several  times  more  tosic  than 
strop  ham  hin,  and  produces  similar  cardiac  action,  but  with  srcater  tendency  to  rcspira* 
tory  paralysis  (Groebcr,  1913).  The  crude  drugs  Komb£  and  Impidus  arc  about  equally 
active. 

Ouabsin,  gratus  Strophanthin — Thorns;  Crystallized  Stiophantbm — Meick, 
CtoHitOii  +  gIfiO. — This  is  the  only  "  Crjstallinc  slrophanthJn"  on  the  market,  Jt 
is  the  best  characterized  of  the  principles.  It  docs  not  j-icld  Strophanthidin.  It  was 
first  i^olaU-d  by  Arnaud.  iSSS,  from  the  wood  ot  ,-\cocanthera  Ouabaio;  and  by  the  <ain« 
investigator,  iSo^,  fronv  S.  glaber.  Later,  igio,  Thoms  obtained  it  from  S.  gratoSi, 
which  was  found  to  be  identical  with  glaber.  This  is  more  readily  obtained  genuioe 
than  the  other  Strophanthus  species.  Strnphanthin  has  been  described  as  fneth>"l- 
ouabain;  and  acocantherin  as  dimetbyi-ouabain;  but  the  evidence  for  these  views  i»  not 
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coDvindsc  (BrauDS  ind  Godson).  Ouabab  is  about  twice  u  toxic  as  itiephudda; 
ind  Mi  b  twice  a.s  stroDj;  as  acocatithcrin.  S.  gratus  also  contains  a  i^econd  amorphous 
iln^hanthin  (Thoca).  The  "paeudQ-strophantfains"  of  Fmt  were  probably  ouabain, 
but  tbeii  ideniity  is  now  obscurv. 

DIGITALIS    ACnOWS    ON    THE    CIRCULATION 

The  effects  of  digitalis  may  he  divided,  especially  in  mammals,  into 
two  well-defined  Mages,  the  therapeutic  and  toxic.  The  typical  phenom- 
ena of  the  two  stages  are  shown  in  Fig.  18. 

Ptdiminary  Fall  on  Intravenoiu  Injectioa. — During  the  tntravcnuus  injection  of 

di^lalift,  the  pressure  falls  sh.irply  (li),  nnibabl)'  on  account  of  the  local  irritant  action 
00  Ihc  heart.  Thw  does  not  occur  in  the  other  methoda  of  adminiat ration.  The  fall 
il  aot  at  all  lasting  (Blake,  1839). 


^Ptc.  la. — DtffitAlu  on  blond -[imsD  re,  dog.  The  apper  tncing  U  talw^  on  ►  »ery  flo'Ir  moviag 
tnm,  »  show  tb«  laccMuve  eSects.  Th«  lower  tracios  U  t*k«n  with  a  U^ter  tp^.  The  vertioil 
MM*  iiKlicmte  Llw  coTTwiwQilvntc  o(  th«  (mI  mad  «tow  lf»cing«.  Tli«  uppw  stwctM*  coftttiponda  to 
«>r  Miiiaal  meui  pnmut;  the  lotnr  abiciua  to  nro  prcuure.     The disTtAlia  u  iajeclcd  at  a.     (5m 

The  therapeutic  stage  (Fig.  i8,  h  and  c)  is  characterized  by  a  slower, 
fuller  pulse,  due  to  stimulation  of  the  vagus  mechanism  (central  and 
peripheral),  and  of  the  cardiac  muscle.  The  cardiac  efficiency,  the 
output  per  beat  and  per  minute,  are  increased.  This  tends  to  raise  the 
blood  pressure;  in  antma].s  this  tendency  is  supported  by  a  more  or  less 
powerful  vasoconstriction,  involving  particularly  the  intestines  and  liver. 
In  man,  the  blood  pressure  is  not  much  altered,  presumably  because  of 
the  more  efiidcnt  vasomotor  regulation;  nor  is  the  normal  human  heart 
usually  slowed  by  ordiiiar>'  doses,  although  the  conduction  of  auricular 
impulses  is  delayed. 

The  modifications  of  these  actions  in  disease  will  be  considered  under 
the  therapeutic  use.  Before  taking  this  up,  the  important  phenomena 
require  a  more  detailed  presentation. 

The  Digitalis  Slowing. — In  mammals,  this  is  practically  entirely  vagal, 
arid  involves  almost  exclusively  the  vagus  center:  for  it  is  almost  com- 
pletely eliminated  by  section  of  the  vagi  (.\ckcrmann,  1873;  Kochmann, 
1906,  1909;  Etienne,  iqoo),  and  atropinizcd  animals  show  practically 
no  slowing.     The  slowing  produced  by  digitalis  in  auricular  fibrillation 
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is  a  different  phenomenon.    It  occurs  even  after  alropin,  and  is  therefore 
quite  peripheral  (Cushny  and  Macken^e;  Gottlieb,  1914). 


J 


The  diflercnt  di^fitalis  drugs  probably  differ  quantitatively,  in  the  degree  of 
stimulation  (Kochmann;  Etii-nne,  1909;  Havneft,  1906).    Tnis  nugbt  be  of  prnctioU 
importance  were  our  uiformalioii  more  comulete. 

The  stvu-ing  is  due  tnaiiUy  to  direct  simulation  of  Ike  vagus  utUer,  and  not  merely  to 
the  rise  of  blood  pressure  (as  was  supposed  by  A.  B.  Mey-cr);  (or  the  slowing  occurs  in 
the  clinical  cases  m  which  the  blood  pressure  is  ui>chanRed  or  even  diminished  (Fraenkd 
and  Schwarti!,  1906).  Gtcfnc  and  Peeler,  iqis,  found  the  turtle  heart  *lovrod  or  Moppal 
when  digitalis  wxis  perfused  through  the  braia  only;  the  slowing  bcine  abolished  by 
diWdtug  the  vagi.  In  animab  the  rise  of  pressure  undoubtedly  contributes  to  the 
slowinK,  for  the  slowiiij;  i^  abnut  twice  as  great  if  the  pressure  rises  than  if  the  preMUfe 
is  kept  ju*t  level  bj'  hL-morrhage  (Kochmann,  ii>oO). 

Vagus  Stimulation  from  Rise  of  Blood  Pressure. — It  is  well  krwwn  that  the  tone  of 
the  vagus  center  is  governed  largely  by  the  blood  pressure,  the  heart  being  slowed  u  the 
pressure  rises  and  qiiitkencd  when  the  pressure  fatk  (Bernstein,  1867,  Verwom,  iqoj). 
The  slowing  on  rise  of  pressure  is  entirely  vagal,  for  it  does  not  occur  if  the  vagi  havebMn 
divided,  it  is  also  absent  if  the  pressure  is  raised  in  the  cerebral  arteries  alone;  50  that 
the  siitnulation  is  not  due  to  compression  of  the  brain,  but  to  a  rcficx,  mainly  frocn  tbe 
heart  (Kochmann,  190O). 

Ptrsi^lfnce  of  Vrtgwj  Ctnlfr  Stitnuiation.  —  This  probably  persists  till  near  death; 
but  the  heightened  contractility  of  the  cardiac  muscle  renders  the  heart  le&s  and  ten 
responsive  to  inhibitory  impulses.  Vagus  frimulation  uriL  therefore  fail  to  slow  the 
heart  in  the  later  toxic  stage  (Liagre,  1906);  but  that  this  is  not  due  to  paraiyaisof  tbe 
vagus  may  be  judged  by  the  fact  that  vagus  stimulation  still  weakens  the  beats. 

Other  Phenomena  of  Vagus  Stimulation, — The  heart  under  the  itiiluence 
of  digitalis  exhibits  also  the  other  phenomena  of  vagus  stimulation: 
greater  dilation  in  diastole  and  lengthened  diastolic  pause;  tendency  to 
exaggerate  the  respiratory  pulse  variations;  lessened  diastolic  tone,  less- 
ened conductivity,  lengthened  interval  between  auricular  and  ventricular 
contraction,  tendency  to  heart-block,  etc.  Some  of  the%  tendencies 
become  important  in  pathologic  conditions  and  with  toxic  doses;  for 
clinically  the  vagus  stimulation  seems  to  inhibit  most  strongly  whatever 
function  of  the  heart  is  already  partly  depressed  (Mackenzie). 

Effect  on  the  Amplitude  and  Output  of  the  Heart. — In  wtue  of  the 
vagus  stimulation  produced  by  therapeutic  doses  of  digitalis,  the  diastolic 
excursions  of  the  normal  heart  are  more  nearly  maximal,  and  the  diastolic 
pause  is  prolonged,  thus  facilitating  the  infliLX  of  blood.  With  pure 
vagus  stimulation,  the  systolic  contraction  is  less  complete  so  that  the 
output  per  beat  is  often  reduced,  and  the  output  per  minute  i&  a]wa3rs 
diminished  (unless  the  rate  has  been  extremely  rapid;  Y.  Henderson, 
iQog).  With  digitalis,  however,  the  muscular  stimulation  makes  the 
systolic  excursion  also  more  complete,  so  that  the  heart  is  both  belter 
filled  and  better  emptied  (Cushny,  1897).  The  output  per  beat  ti 
therefore  greatly  increased;  the  "pulse  pressure"  or  "pulse  volume" 
is  improved.  This  increase  more  than  offsets  Uiu  slowing,  so  that  the 
minute-output  is  also  increased. 


TA^  irt<:rc<j«J(ia/^n/ Africa/ amounted  to  50  per  cent,  in  the  cardiomelere  , _ .. 

of  Cushny,  ilgj-.  If  the  j^lowing  is  excluded  oy  atropin,  the  limt-outptti  would  be  in- 
creased proportionately.  If  the  sloping  occur?.,  the  incnra^  wodd  be  proper linna I ely 
less;  but  in  the  therapeutic  stage  it  is  siill  considerable — to  so  per  cent,  m  Cushny'i 
experiments.  Tigerstcd,  190?,  also  showed  with  the  stromuhr  that  tbe  output  is  gcuer- 
ally  increased.  Heinz,  1900,  found  the  flow  of  blood  from  the  tarotid,  at  a  constant 
pressure,  to  be  increased  by  50  to  250  per  cent.  The  effect  would  be  the  greater,  the 
weaker  tbe  heart  was  before  the  digitalis;  that  is,  tbe  more  removed  the  cxcui^ona  weit 
from  tbe  phyuologic  optimum. 
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Heart  Rate  in  Man.— Patients  with  auricular  fibrillation,  or  with 
adynamic  or  uns.lable  hearts,  respond  constantly  by  slowed  pulse  lo 
ordinary  doses.  Fairly  normal  hearts  are  slowed  by  large  doses,  0.4  Gm. 
per  day  for  five  to  seven  days.  This,  however,  is  due  to  blocking  of  the 
auricular  impulses;  the  auricular  contractions  occurring  with  unreduced 
»r  quickened  rate.  The  origination  of  the  sinus  rhythm  is  therefore  not 
^slowed  by  digitalis,  except  in  adynamic  hearts  (Cohn,  1915). 

Auriculo- ventricular  Conduction  in  Man. — This  is  constantly  impaired, 
being  an  early  and  positive  sign  of  digitalis  action.  It  may  be  observed 
within  forty-eight  hours,  and  increases  with  the  administration,  from 
simple  lengthening  to  heart-block.  After  withdrawal,  it  persists  generally 
about  two  days,  but  sometimes  two  weeks. 

Systolic  or  Muscular  Action  of  Digitalis.^The  increased  systolic 
excursion  must  be  due  lo  a  direct  action  on  the  cardiac  muscle.  The 
study  of  its  fully  developed  features,  as  they  occur  in  the  toxic  stage, 
shows  that  digitalis  increases  the  contractility,  the  systolic  tone  and  the 
excitability  of  the  cardiac  muscle. 

EHrasyihUi  arc  produced  by  smaUer  stimuli  in  hearts  under  the  infiuence  of  tbe 
therapeutic  and  the  smaller  toxic  do!*s  of  digitalis  (Plctnew). 

RtiatKt  Duration  oi  SysioU  urut  Dwslele,— In  the  digitalis  heart,  the  duration  of  thr 
mftual  contraction  and  teUxation  are  practically  unchanged.  The  «pet?d  of  the  systolic 
contraction  is  somcvrhat  increased  (dcHccr,  loia).  The  slon-ing  occurs  mainly  in  the 
diastolic  pause;  the  systolic  pause  is  also  lengthened  a  trifle.  Atrupin  removes  the  sys- 
tolic as  well  as  the  diastolic  fOowinR;  so  that  the  effect  is  entirely  vagal  (Cu.'^hny,  iSg;). 
The  two  phases  behave  similarly  in  the  excised  and  perfMscd  tnammalian  heart  (Haynes). 
The  cxcisfd  mamnialian  hfttrl,  in  the  t/trraprutic  xUgf,  ?ha\\<.  practjically  the  same 
phenomena;  except  that  there  is  much  less  slowing,  since  the  vagus  center  is  excluded. 
The  slowinK  is  diastolic  and  can  be  removed  by  atropin  (Uaynes.  njofi).  The  excur- 
sions of  both  ventricles  arc  increased  especially  in  systole,  so  that  the  energy  of  each  beat 
niAy  be  more  than  doubled.  The  fini«  required  to  produce  maximal  slowing  is  an  hour 
for  digitalis,  one-fourih  hour  for  strophanlhin  (Ilayncs).  Existin!"  irregtiidritia  art 
rcwwtW,  and  a  fibrillaling  heart  may  resume  regular  mnlractjons  (Ilcdbora,  1898; 
Bnun  and  Mager,  tf^i^;  Cinttlieb  and  Magnus,  1903). 

Ccrdio-eirctrograms. — These  show  slowing  of  the  phases  and  pauses,  and  changes 

the  pealc^;  ibe  latter  are  increased  by  small,  lowered  hy  Inrge  doses  (Bickel  and  t'aw- 

'■**.  1913)-    Hevmai  of  thf  I'-U'iSTf:  occurs  early  durint;  digitalis  treatment,  being  probably 

sign  of  the  muscular  action.     This  effect  l*  ulw  produced  by  digitalis  in  febrile  patients 

Gtseont  SJftahoUsm  oj the  Heart. — This  is  increased  in  mammals  in  proportion  to  the 
-tivity  (Rohde  and  Ogawa,  lyu).     In  excised  frogs'  hearts,  the  oxygen  consumption 
«)ccreased  according  to  the  diminished  rate  and  excursions  (GottscbatL.  1(113). 
lAc  PhencmcHii  of  the  Theraptut'ic  Stage  »'«  tbe  Frog's  Heart. — If  a  digitalis  drug  Li 
itai«cied  tato  a  frog,  the  cxpaicd  heart  Miowa  actions  which  resemble  those  seen  in 

inr>ikramals.     The  inhibitory  eflects  ure  more  iniportant,  whilst  the  conttaclility  is  but 
Vw*'''  *^'''=*^*"'  '"  t^^  therapeutic  stage.     The  rate  becomes  progressively  slowed,  and 
t^*^  diaatolic  relaxation  is  more  complete.     The  slowing  occurs  even  after  atropin 
[l^oehni,  1873);  but  otherwise  it  resemble:^  va^us  siimulatioo.     Direct  vagus  stimula- 
|*^?»  proiluces  additional  slowing.     By  using  tlie  perfused  excised  heart  (K.  Williams 
«  »8o).  it  can  be  shown  that  the  diastolic  tunc  Is  considerably  decreased,  so  that  a  given 
P***8ure  distends  the  heart  more  than  normal;  and  since  it  contracts  completely  in 
*ywoie,  the  output  per  beat  is  increased.     The  timc-oulput  and  the  blood  pressure  may 
^*  vkrtased  or  diminished;  but  the  heart  i-i  not  more  capable  of  overcoming  an  excessive 
■**tic  rtwtance.    The  toxic  effects  will  be  described  later 

ynttictdaT  Strip!  of  Turllc. — T.argc  doses  produce  acceleration  (even  after  atropin 
^  ^tRotodn),  and  increase  of  amplitude  and  tone  (Greene,  Boutwell  and  Peeler,  1915). 

^^^vicT  oJ  the  Di£ereni  Chambers  of  the  Searl. — The  two  sides  of  the 
"**tt  behave  very  much  alike  lo  Digitalis;  but  the  auricles  tend  to  show 
Waiively  greater  inhibitory  effects  (since  they  are  more  subject  to  vagus 
^'fol),  whilst  the  ventricles  are  more  disposed  to  the  muscular  action. 
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In  the  therapeutic  stage,  the  rhythni  of  the  auricles  and  ventricles  U 
synchronous. 

The  rclaxalioQ  of  the  curktet  U  but  Itttte  chnoged:  their  conlnction  is  more  com- 
plete; bul  with  !ilightly  larger  dosrs  the  inhihition  prcdominatchi  so  much  thai  the  con- 
tractions are  less  complete.  Tbc  inhibitory  effects  disappear  if  the  vagi  arc  divided 
(Cushay,  1897)- 


reaxV 


Influence  of  the  Cardiac  Action  on  the  Blood  Pressure. — The  incre 
output  of  the  heart  should  result  in  a  rise  of  pressure.  Accordingly, 
the  pressure  rises  even  when  changes  in  the  jjeripheral  vessels  arc  dcfinilely 
excluded  (/.»'.,  in  Bock's  method,  w)iere  the  aorta  is  lied,  the  circulation 
being  shunted  through  the  carotid  directly  to  the  jugular  vein — Bock, 
iSgS;  C.  W.  Greene,  1910). 

A'^p  Effrct  on  Ike  Maximal  Pressure. — Whilst  the  Digitalis  beArt  can  dbcboip  1 

larger  volume  of  blood  against  a.  normal  [>re5sure,  the  maximal  pressure — i,t^  Cbs^H 
of  pressure  on  clamping  the  aorta — is  not  increased  (Bode;  Hrinz,  1900),  ^H 

The  Vasoconstrictor  Action.^The  cardiac  actions  of  digitalis  would 
of  themselves  tend  to  raise  the  blood  pressure.  The  most  important 
element  in  the  rise  which  is  obser\'ef]  in  animals,  however,  is  a  vasocoo- 
atriction,  invoKnng  mainly  the  intestinal  vessels.  This  is  shown  most 
conclusively  by  the  observation  that  the  volume  of  the  important  splanch- 
nic organs  decreases  as  the  blood  pressure  rises  (Gottlieb  and  ^£agn\is, 
icfoi).  Further  evidence  is  that  the  venous  outflow  is  also  decreased; 
and  that  the  rise  is  not  always  accompanied  by  increased  output  of  the 
heart  (Tigerstedt,  1907,  stromuhr).  Small  therapeutic  doses  may  prodiMe 
intestinal  constriction  even  when  the  blood  pressure  does  not  rise.  V| 
vascular  effects  are  more  lasting  than  the  cardiac  (Joseph,  1913).         ^^ 

The  vasoconstrictor  effect  is  peripheral  because  it  occurs  in  excised 
organs  (Donaldson  and  Steffensr  1S83;  Kobert,  iS86;BruntonandTunni- 
diffe,  1896,  etc.).  It  occurs  also  after  the  ner\'e-endings  are  i>aralyzed 
by  apocodein  (Dwon,  1903).  The  action  is  therefore  presumably  exerted 
directly  on  the  arterial  rauscle.     The  vasomotorcenterisbutlittleaffectcd- 

VuoDpotDr  Center. — Strophanthus  produces  a  moderate  ttlroalation;  t^talti 
much  less  or  none.  In  no  case  is  the cvntral  action  su^lideni  to  make  it-'^elf  felt  ihrtuy^ 
the  other  actions  of  the  drugs.  Falal  doses  result  in  sudden  cardiac  arrest  and 
phyna,  thereby  producing  intense  slimulatloQ  of  the  vasomotor  center  (Pilcber 
Sollraann,  1915). 


• 


Vasodilator  Action. — Very  dilute  solutions  of  digitalis  produce 
opposite  effect;  i.e.,  the  perfused  vessels  are  dilated  (Kasztan.  1910; 
Fahrenkamp,  1911).  The  vascular  effects  are  therefore  analogous  to 
the  cardiac  effects;  the  smaller  doses  decrease,  and  the  larger  doses 
increase  the  tone. 

Differences  in  the  Vascular  Areas. — The  constrictor  tendency  varicw 
according  lo  the  drug  and  the  vessel.  It  is  generally  said  to  be  greatest: 
for  digitoxin,  and  relatively  weak  for  strophanthin;  but  an  exact 


has  not  been  eslat}lished. 


-1 


F.i.,  de  Ilecr.  1911.  and  Joseph,  1913,  found  that  ouabain  had  a  Mroog  cDnslricur' 
effect  in  mammaU;  while  Muog,  1912,  claims  that  its  constrictor  action  is  but  ane-tentb 
that  uf  digitoxin.  Stroomann,  1014,  finds  sltophanthin  the  weakest  conilrirtor  in 
fnjgs.  Casein  is  antagonistic.  Vogt,  1909.  claims  that  strophanlhin  docs  not  pn^liKf 
constriction  in  mon,  but  Straitb,  1909,  finds  evidence  of  constriction  trith  the  stllBf* 
galvanometer. 

The  constriction  u  strongest  in  the  intestinal  and  splenic  voedft, 
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less  in  the  renal,  and  weak  in  the  vessels  of  the  skin,  brain,  etc.  The 
dilator  and  constrictor  effects  var\*  in  degree  in  different  animals;  but 
with  therapeutic  doses,  in  animals,  the  most  constant  and  predominant 
effect  is  the  slow  constriction  of  the  intestiual  vessels.  The  dilator 
effect  occurs  earlier,  but  the  constriction  lasts  longer  (Joseph,  191.0- 
In  fftan,  the  volume  of  the  arm  is  not  changed  by  intravenous  digitalis 
or  strophanthin  (Hewlett,  1913). 

Altered  Distribution  of  Blood. — The  different  susceptibility  of  the 
vessels  leads  to  alterations  in  the  distribution  of  the  blood  in  living  animals. 
Xhe  intestinal  vessels  will  tend  to  be  constricted;  those  of  the  skin,  ex- 
trexnities  and  brain  will  tend  to  be  dilated  (Gottlieb  and  Magnus,  1901). 
The  renal  vessels  occupy  an  intermediate  position;  with  therapeutic 
doses  they  tend  to  dilate  (Loewi  and  Jonescu,  iqoSl;  with  toxic  doses, 
they  will  be  constricted.  The  dilations  may  be  due  to  the  direct  dilator 
action;  or  to  mechanical  displacement  of  blood  from  the  more  powerfully 
constricted  areas;  or  to  ner\'ous  reflexes. 

In  the  experiments  of  Gottlieb  and  MaKnus,  1901.  the  dilation  of  the  vcsmIs  of  the 
extremities  was  fhown  to  be  tnaiDly  mechaniral;  for  it  did  nut  ciccur  (or  rather,  lh« 
leg  vessels  constricted),  if  the  displacement  of  blood  was  prevented  by  Ugatiog  the 
splanchnic  vessrU. 

The  direct  dilator  effect  has  been  rendered  very  probably  for  the  kidneys;  for  it  has 
been  shown  on  Ihc  excisi-d  organs  that  certain  conccntralions  dilate  the  renal  vessels, 
whilst  they  constrict  the  intestinal  vessels. 

Pnlmonarr  Vessels.- — These  arc  somewhat  coastrictcd  ir   pcrfui^ion  experiments 

SKbblowitcn).  Kxcwed  arterial  rings  are  also  constricted  by  all  diKitalmas.  except 
ptonin,  irhich  dilates  (Mocht,  1914).  In  life  this  action  is  unimportant;  for  the  slight 
rise  of  pressure  in  the  pulmonary  artery  is  mnirvly  cardiac  (Pliirnier,  1005;  Wiggers, 
lOtt).  The  eirculalion  lim€  is  ihQTtened  m  the  pnlmonur^'and  in  the  general arculatton 
(]C<*n(;lots  and  Iie^lHiuis,  tQii]. 

Meningeal  Vessels. — The  nlllng  oi  the  vessels  of  the  pia  mater  and  retina  follows 
tbcjcenenil  blood  prtsnurc  (}lir5chf elder,  1015). 

Coroiiaiy  vssseJs  may  l>c  constricted,  es|Kdally  by  digitoxin,  less  by  strophanthin 
(O-Loeb,  1403;  Haynes,  1006;  Rabe,  1Q13).  F.Kciscd  arterial  rinf^s  are  also  constricted 
C\"*'egUin  and  Slachl,  1913).  In  any  case,  the  constriction  would  Iw  overcome  by  the 
ifT»pfdve«l  contraction;  so  that,  with  therapeutic  doses,  the  ceronary  fimr  in  lift  was 
found  unaltered  (Bond,  1911),  or  even  increased  (F.  Meyer;  Saltai  and  Saneyoshi,  1915). 
J.  L  Miller,  1908,  found  that  digitalis  enabled  the  heart  to  tolerate  a  Rreater  dcRrre  of 
ctmmsry  obstruction.  Large  toxic  doses  contract  the  coroaari*  vessels  even  in  life,  mlh 
rtsJBg  blood  pressure;  this  is  sometimes  followed  by  increased  (low  with  fallinic;  pressure 
(S«iku  and  Saneyo«hi,  1015). 

Vtaotn  Pressure. — ^This  is  not  materi-illy  altereii,  rven  when  Lhe  arterial  pressure 
riaci  (Capps  iind  ^Matthews,  1913;  it  has  also  been  studied  by  Aclcermann  and  by 
Popper). 

Blood  Pressure  in  Man. — The  rise  of  pressure  which  is  so  character- 
istic for  most  anima)s  is  not  often  seen  in  man,  either  in  health  or  disease 
(Czylhtrz,  1900;  Schwartz,  1906;  Cushny,  1911;  Mackenzie,  1911;  Price, 
i9U;  Colin,  1915).     In  heart  <liscase,  the  improvement  under  digitalis 
^veven  be  accompanied  by  a  fall  of  pressure,  if  this  has  been  abnormally 
"■jpi  (Fraenkcl,  1905;  Price,  1914;  Martinet,  1914).    A  rise  is  very  e.xcep- 
^Mal,  occurring  only  if  the  pressure  has  been  below  the  normal  level. 
Tk  diastolic  pressure  is  always  lowere<l  when  digitalis  relieves  in  com- 
pensated lesions,  no  mailer  what  the  changes  in  the  systolic  pressure, 
•tie  Dubc  pressure  is  therefore    generally    increased    (Martinet,   1914). 
The  difference  can  not  be  e.xplained  by  dosage;  for  in  animals  the 
™*  occurs  with  the  smallest  doses  which  have  a  noticeable  effect  on  the 
''**t.    The  explanation  must  be  sought  in  the  more  perfect  blood  pressure 
''Bulation  of  man,  which  compensates  the  pressor  tendency  by  inbibllioQ 
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of  the  vasomotor  center  and  by  stimulation  of  the  vagus  center.  If  the 
digitalis  slowing  is  prevented  by  alropin,  the  pressure  rises  also  in  the 
human  subject  (Fraciikcl,  1905). 

The  compensator^"  vasomotor  regulation  has  not  been  investigated 
in  man.  From  what  is  known  of  it  in  animals,  it  would  be  expected  that 
the  vessels  of  the  extremities  and  of  the  kidneys  would  probably  be  dilated, 
whilst  the  intestinal  and  portal  vessels  would  tend  toward  constriction. 
The  altered  distribution  of  ihe  blood  may  contribute  to  the  therapeutic 
result. 

Blood  Pressure  in  Rabbits. — These  Ho  not  sUkiw  as  Kreat  orconstAnt  a  rue  as  do  other 
Bnimals.  Thts  b  probably  explained  by  the  la^r  resistance  ol  tbelr  blood  vessels, 
which  ihereforc  dilate  if  ihe  pr«rssure  lends  to  ri«ie  .ibove  the  normal.    If  the  pre««ure 

hu  been  lowered  by  hemorrhage,  digitalis  produces  an  effective  rise  toward  the  normal 
level  {HcrnanLio,  191 1).  DigRaiis  did  not  produce  much  rise  after  chloral,  presumably 
because  the  heart  was  too  greatly  injured.  The  effects  of  small  therapeutic  doses  wetc 
studied  by  Joseph,  igi3. 

Diuretic  Action. — The  digitalis  drugs  arc  powerful  diuretics  in  cardiac 
dropsies;  the  diuretic  effect  being  proportional  to  the  improvement  of 
the  drcuiation  and  to  the  absorption  of  the  edemas.  In  all  other  condi- 
tions they  have  little  or  no  effect  on  the  urine.  Practically  negative 
results  are  obtained  in  normal  individuals  (Schwartz,  1906);  in  heart 
disease  without  effusion  (Cushny,  ipnfCohn,  i9i5)and  inpurelynephrilic 
edemas  (J.  Miller,  1912).  The  diuretic  effect  can  not  therefore  oc  due 
to  any  renal  action,  but  must  l>e  ascribed  to  the  improve*!  circulation. 
There  is  no  diuresis  in  normal  individuals,  and  in  the  absence  of  edema, 
because  the  renal  circulation  is  already  adequate  for  the  secretion  of  all 
the  fluid  at  the  disposal  of  the  body.  It  fails  in  nephritis,  because  here 
the  anuria  is  not  due  to  defective  circulation. 

The  factors  involved  in  the  improvement  ot  tiie  renal  drculatiofl 
are  several:  The  dilation  of  the  renal  vessels  (Tonescu  and  Loewi,  1908); 
the  relief  of  the  venous  pressure;  the  increased  output  of  the  heart;  the 
increased  "pulse  pressure;"  and  the  hydremia  resulting  from  the  absorp- 
tion. These  mechanical  conditions  cause  corresponding  increase  of  urine 
fillration  even  in  dead  kidne\*s  (Sollmann,  1905). 

Oe»cll,  191J,  found  that  artificial  ehangts  in  the  pulse  prasHtt  produced  paralWl 
changes  in  the  excretion  of  urine,  chlorids  ureft  and  nilroKeti. 

infiuenct  of  Ilydrfmia. — Martinet,  IQ14,  found  that  the  viuridtty  of  the  blood  aju) 
the  protL-in  content  of  ihc  bcrum  rctnain  unchanged  »o  long  as  the  absorption  of  edema 
is  in  progress.  When  the  eileniii  hiis  diMippeare<l,  but  the  diuresis  slul  per»i^»,  the 
viscidity  mcreascs.  Thif  indicates  that  the  hydremia  ta  not  the  primary'  cause  of  tbe 
diuresis.  I.nria.  iQi  3,  n1»o  states  that  ^trophaothin  or  calomel  incretiM  the  vitcUily  «/ 
Ihe  blood  even  when  there  is  no  diuresis. 

Excessive  doses  of  digitalis  constrict  the  renal  vessels  and  irritate  the 
kidneys,  so  that  the  urine  becomes  scanty,  and  often  blood-tinged.  This 
may  conceivably  happen  if  cumulation  occurs  in  the  therapeutic  use; 
especially  wiih  dlgiloxiii. 

Toxic  Effect  on  the  Circulation  in  Mammals. — These  are  characterized 
hy  irregularities  of  the  rhythm  and  strength  of  the  cardiac  pulsations 
(Fig.  19). 

They  are  exaggerated  manifestations  of  the  vagus  and  cardiac  slimu* 
lations  which  were  initiated  in  the  therapeutic  stage.  The  vagus  efetis 
(slowed  rhythm,  diastolic  tendency,  lessened  conductivity)  reach  their 
acme  most  rapidly;  so  that  the  first  indications  of  overdosage  are  com- 
mon Iv  those  of  marked  inhibition.    This  inhibition  is  in  turn  overcome  as 
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the  muscular  excUability  become:^  greater  and  greater;  so  that  the  final 
effects  are  mainly  muscular  (increased  tone,  heightened  irriLabllity,  spon- 
taneous ventricular  rhythm,  extrasystoles).  The  irregularities  which, 
result  from  these  interactions  weaken  the  circulation  and  interfere  with 
the  nutrition  of  the  heart,  until  this  becomes  arrested. 

Cushny's  Stages.— The  successive  effects  have  been  studied  most 
carefully  by  Cushny,  1897,  who  divides  thera  into  the  inhibitory  stage 
and  the  stage  of  muscular  irregularity. 

^ — ^  !\hm\ 
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.  ^.  19.— Blood -pr«Mur«  irftcingt  under  digtUlU,  to  (how  •ome  of  tb«  typw  of  Imsolarity  In 
Jr*'**  lta««.  A,  B,  C  Bftd  D  represent  ftnir  different  dop.  («)  b  the  normal  timdog:  (6)  th« 
'**'*l>m)e  lUgc:  tba  lolluwicg  letters  inprcKnt  the  lucccMive  tcrik  chaoct*. 

_  Timbers  SUfes. — The  cficcts  may  abo  be  divided  into  three  stages,  according  to 
'J^uIk,  I^6l;  \i)  slowed  puis*  with  rise  of  blood  prefvsure  (therapeutic  siaRc);  (j)  sudden 
™*Rt  to  rapid  pulse,  Mrith  further  rise  of  blood  pressure;  and  (3)  fall  of  blood  pressure 
^  continued  rapid  but  irregular  pulse.  Tlie  inhibitory  stage  would  be  mseited 
**»«ai  I  and  3. 

In  the  typical  course,  the  effects  pass  successively  through  the  thera- 
f*Ulic,  vagus  and  muscular  stages;  but  the  vagus  stage  is  often  omitted 
w  animals.    The  "toxic  effects"  in  man  are  generally  of  the  inhibitory 
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The  Inhibitory  Stage  (Fig.  19,  A). — This  corresponds  to  strong  vagus 
stimulation.  The  rhythm  becomes  very  much  slowed — to  40  or  50  beats 
per  minute.  It  is  often  irregular;  there  are  scattered  diastolic  pauses 
which  become  more  frequent  and  lasting,  particularly  in  the  auricles. 
These  irregularities  are  partly  exaggerations  of  the  normal  respiratory 
variations;  but  they  arc  often  indepL-ndcnt.  The  two  sides  of  the  heart 
contract  at  the  same  rale,  but  the  rhythm  of  the  auricles  and  ventricles 
is  often  different.  The  ventricles  are  apt  to  assume  a  spontaneous 
rhythm,  which  may  be  faster  or  slower  than  that  of  the  auricles.  This 
independent  rhythm  is  probably  due  in  part  to  the  blocking  of  the  auric- 
uiar  impulses  by  the  lessened  conductivity;  the  increased  excitability 
of  the  ventricvdar  muscle  also  plays  a  part,  for  the  ventricles  may  continue 
lo  beat  during  the  auricular  standstill.  The  excesMve  slowing  and  the 
irregularity  diminish  the  lime-output  of  the  heart  in  this  stage,  althou 
the  amplitude  is  increase<l.     The  blood  pressure  falls. 

Occurrence,  and  Duration  o/  the  Inhibitory  Stc^r. — This  stage  occurred  In  about  5* 
per  cent,  of  Cushny's  animate.  .Mtcr  laslhiR  a  few  minutes,  it  passes  nuilc  suddcnljr 
into  the  muscular  irre^laritv.  It  U  more  frequent  and  more  pcnisteni  in  matt.  ^^ 
difference  miiy  be  due  to  diOcrent  dosage  and  adinim»tiation.  ^| 

The  Stage  of  Muscular  Irregularity. — The  rate,  rather  suddenly,  be- 
comes more  and  more  accelerated,  as  if  the  heart  escaped  from  the  vagus 
influence.  Electric  vagus  stimulation  has  less  and  less  effect  on  the  rate; 
but  since  it  still  increases  the  diastole  the  vagus  can  not  be  paralyzed. 
The  escape  is  due  to  the  eccitability  of  the  heart  becoming  so  greatly  in- 
creased that  the  vEgus  is  unable  to  restrain  it.  The  auricles  and  \'en- 
tricles  may  at  first  keep  the  same  rate;  but  the  ventricles  soon  af^sume  a 
rapid  rhythm  independent  of  that  of  the  auricles;  for  the  conduction  of 
the  auricular  impulses  is  more  and  more  blocked,  whilst  the  sjxjntancous 
excitability  of  the  myocardium  is  more  and  more  increased.  The  accel- 
erators usually  do  not  respond  to  stimulation  (Frcdericq,  1913). 

Pftriodic  Grouped  Beats.— This  independence  of  the  auricular  and  veniricular 
contractions  results  in  curious  periodic  variations  in  the  volume  oC  the  pulse,  ibe 
rhythm  at  this  liine  licing  fairly  regular. 

One  or  more  enormously  strong  beats  are  followed  by  ver>'  much  weaker  beats, 
sometimes  quite  imperceiftible  in  tlic  pulse,  which  is  therefore  int^tmiitriU  (see  Fig  1  (»,  fl. 
e  and  g).  These  pnenomena  recur  in  groups,  which  remain  fairly  rcnilar  for  a  &bovt 
time,  but  soon  change  to  some  utht-r  typr,  as  may  be  i>een  in  Fig.  19,  B  and  C.  Tbece 
eflects  axe  sometimes  due  to  respiration.  In  other  casei,  howc%'er,  they  an  cardiac 
Tliey  are  alio  seen  in,  the  atropinJecd  heart,  and  are  mainly  due  to  Ihe  tirytkmia  cj  Ue 
auricles  and  ventricles  (Cushny,  iSgcj).  It  «UI  be  recalled  that  the  ventricular  coatiac- 
tiuns  arc  normally  originated  by  the  auricular  contractions.  Toxic  doses  of  digitaBi 
Beem  to  interfere  witR  the  I riinsmission  of  this  impulw,  and  at  the  same  time,  they  raiie 
the  exdtability  of  the  cardiac  muscle  to  such  a  decree  that  contractions  can  origjaate 
in  the  ventricles.  The  auricles  and  ventricles  therefore  beat  imlcpendently;  eitbd  may 
be  (he  mure  rapid.  As  a  rnnsequence,  the  conlractionf  will  M>mciimes  alternate.  <orae> 
times  coincide,  lorming  groups  (see  Fig.  ao).  If  the  auricular  systole  occurs  during  the 
ventriciiLir  diastole,  the  ventricles  will  be  filled  with  blood  when  they  conlrati.  anili 
result  will  be  a  large  pulsc-vrave;  if  the  auricular  and  ventricular  aj*stolc  coinde 
bloMl  will  be  moved,  and  there  will  be  no  puUe  (see  Fig.  30,  ^),  Tiw^  is  the  ma«l  satW 
tory  explanation  of  the  group  phenomenon.  A  further  factor  may  come  into  play: 
probable  that  the  auricular  stimulus  lo  the  ventricle  is  not  completely  blocked  b>'; 
digitalin.  If  theauricular  and  independent  stimuh  coincide,  the  ventricular  contr 
would  he  strong;  if  they  interfere,  the  contraction  would  be  weak  or  absent, 
effect  would  suppt>rt  that  nn-viously  described  and  lead  lo  the  same  kind  of  prou^ 

The  two  sides  of  the  neart  continue  lo  beat  »>'nchronously,  althoofh  the  pcrioSk 
variations  of  strength  Have  no  rehilion. 

After  a  time,  fxirasy titles  (i.e.,  premature  contnurtlons  by  wtucb  00  blood  b  napelafl 
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ipp^t^,  aad  the  pulse  shows  corrc&pomiing  intermiaaions.  Thc««  b^ome  more  nu- 
mcT'Ci'US.  The  rate  conlinurs  to  increusc,  liccDmiog  faster  than  in  atropin  ixtisoniag. 
Vsfi  «^  u^  complex  irreguUrities  are  superadded;  and  tltc  contracUons  become  tnorouj^hly 

TMf  Uood  pTtiiurc  is  vcr>'  high  io  ihc  earlier  periofLi,  through  the  combiuation  of 
tipid  rate,  forceiul  coutraciion  im<J  vasoconstriction.  When  the  periodic  irreEiilariliea 
j(t  iia,  the  oiitnui  diminUhcs  matcri^Lty. 

IT^raiiiuU  Changes.— Ibe  quiclceoing  of  the  rate  kood  exceeds  the  optimal  Bmita. 
■[be  contracliooi  bfcomc  superficial,  llultcring,  much  le»»  c0ectivc,  ana  more  fatigii- 
bg.  The  blood  pressure  falls  and  the  heart  is  unable  to  lieep  the  juice.  First  the 
uincJes,  then  the  ventricles,  ps!<!>  into  6bril1atiou  uud  the  circulation  is  arrested.  The 
(hunbers  »top  In  median  pusitii^n,  and  then  gradually  become  greatly  dilated. 

BSuscular  Changes  inKabbits. — In  acute  death  frum  large  doses,  all  jwrts  of  the  heart 
(My  be  suddenly  arrested.  Aucr,  i<)ia,  found  the  endocardial  muscles  of  the  right 
(totricle  hardened.  He  believes  that  this  change  involves  the  conducting  system,  and 
llai  even  the  earlier  actions  of  digitalis  are  due  to  slighter  degrees  of  these  chemic 
ckiagcs.    Similar  abnormalities  occur  in  anapbylajds. 


.  Toxic  Effects  on  the  Excised  and  Perfused  Mammalian  Heart. — These  resemble 
U  tke  maia  the  muaculaj^  irregularity  of  the  intact  heart.  After  the  therapeutic  stage, 
1^  DDitiactions  become  quicker  and  irregular.    The  diastolic  relaxation  becomes  pro- 

SAvtiy  less  complete,  and  the  heart  has  a.  systolic  tendency.  It  finally  passes  through 
rium  cordis  into  systolic  standstill,  the  tone  increasing  even  after  the  heart  has 
"(Wd.  Stretching  of  the  muscle  (as  by  increasing  the  coronary  pressure)  may  tem- 
pottrily  restore  the  pul>atioiis  (Hwlbom,  1898;  Braun  and  Mager,  iSgo;  Gottlieb 
*«l  Mogniw;  1905;  llayncs,  1906;  Etiennc,  1909). 

The  principal  aigrrctuthfhi-ren  iht  inUul  and  the  excised  heart  h  the  position  of  arrest; 
^Jidiaatofic  in  the  intact,  and  systolic  in  the  cxciKd.  The  sj-stolic  standstill^ 
•Wch  occurs  also  in  the  frtig\  heart— is  the  really  characteristic  effect  of  disitalis. 
"Ike  intact  mammal,  the  falling  blood  pressure  impairs  the  coronary  circulation,  so 
*** ibe  cardiac  muscle  can  not  rerauin  contracted. 

Tnic  Effects  00  the  Frog's  Heart. — This  also  shows  a  complex  of  inhibition  and 
'JTwinfial  stimulation,  hut  the  manifestations  differ  materially  from  those  In  mammals. 
'*y  TMy  somewhat  according  to  the  dose  and  racthtxl  of  application.  Tliey  are 
^Wy  peripheral,  and  are  not  modified  by  excwion  of  the  heart  or  byatropin;  but  vagus 
'^'tuilatioa  remains  cficctivc  until  rigor  sets  in. 

.hfieal  Course. — If  moderate  toxic  doj.es  are  injected  into  an  Intact  frog,  and  the 
■w  1  exposed,  the  phenomena  arc  as  follows  (Boehm,  1673);  After  a  latent  period 
*'"»?to  nftccn  minutes,  the  diastolic  tendency  becomes  conspicuous.  The  chambers 
JR"*!  more,  the  diastole  i».  lengthened  and  tne  rate  is  somewhat  slowed.  The  A-V 
™^  if  unchanged  (aarlc  and  Mines.  1915)-  The  systole  is  also  more  complete. 
*«ttroiiB  hearts,  the  effect  is  mainlv  on  the  auricles;  but  if  the  heart  is  weak,  the 
'**Htl«l  are  also  stimulated  (Clark,  ion).     This  carrcsp«nds  to  the  Ihrrupeulif  ttagt. 

TW  t»tk  irregularities  start  soon  after.  The  systolic  phase  of  the  ventricle  becomes 
**l|cnted,  10  that  at  lime»  the  apex,  at  times' the  base,  remains  firmly  contracted 
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durioR  the  diastole.  Thcsi-  partial  diastoles  may  alternate  so  that  the  blood  is  roerriy 
pumped  back  and  forth  frum  one  part  of  the  vcnlriL'lc  to  the  other.  This  hu  been 
rallwl,  rather  inappropriately,  "cardioc  prristaliis."  Again,  a  pan  of  the  ventricle 
may  remain  lirmly  tontnicled  for  a  considerable  lime,  and  then  may  resume  rb)ttimic 
cantrartion.     (The  "peristalsis"  n-as  first  described  by  Vulpian.  1855.) 

Eventually,  the  ventricular  diastoles  become  weaker  and  weaker,  until  the  ventricU 
finally  goes  into  permanent  systolic  standstUi,  and  appears  as  a  small  white  lump,  con- 
trasting sharply  with  the  turgid  auricles.  The  apex  is  often  arrested  before  the  hue. 
The  auricles  continue  to  pul>ute  for  a  lime  and  eventually  stop  distended. 

The  ventricular  s>-«tolic  standstill  is  not  paralyiio;  for  if  the  ventricle  is  forribl* 
distended  with  Quid,  it  will  again  start  cflcctive  beats  (SchmiedcberK,  I'^lA)-  Thestmnd- 
still  is  due  to  txcesihe  fottf,  which  prevents  diastolic  relaxation  under  the  ordinary 
venous  pressure.  It  is  not  an  ordinarj'  but  prolonged  contraction,  for  the  heart -mus- 
cle is  not  in  the  refractory  phase  (Tait  and  Pringle,  1916).  Scbmiedeberg  coiuiden 
it  as  increased  "elasiiciiy." 

Other  hearts  may  not  show  the  "peristalsis."  but  instead  the  phenomena  of  purtiai 
aurHula-vntiricui^r  "blitek"  i.e.,  the  ventritular  rate  suddenly  falls  to  one-half,  then 
one-third,  one-fourth,  etc.,  of  the  auricular  rate  (Straub,  1901J,  The  auriculo-ventricu- 
lar  interval  is  also  Ictiijtheapd  (C'ark  and  >rine5,  tqij).  Eventually  tlu-  iiuricular  rate. 
and  finally  ihc  sinus  rate,  may  also  be  halved.  The  block  may  be  explainable  by  pro- 
longiiiian  of  Ihc  rrfractory  prrU'i!.  for  Brandenburs.  1004,  showed  that  the  heart  is  DOvJ 
less  pasily  excitable  to  extras>Titoles.  On  the  other  h.ind,  the  spcntiannius  contr<u.tilil}~ 
n  increased,  for  if  the  <«mu9-auricular  junction  is  crushed  (I-Stannius  experiment)  the 
ventricles  are  not  arrested  as  in  the  normal  froK.  but  at  once  initiate  a  spontaneoui 
rhythm. 

'  In  nther  hearts,  the  s>'stoIic  phenomena  so  far  described  may  be  preceded  by  imJnhi- 
ticK.  The  diastolic  relaxation  predominates,  the  heart  remaiiis  tegular  and  the  beats 
become  gradually  slower  to  temporary  diiislolic  standstill.  This  Is  witnessed  but  rarely 
in  intact  animals,  and  is  then  followed  by  the  usual  systolic  phase  i  Boehm). 

In  excis«d  and  perfused  frogs'  hearts,  tho  effects  of  dilute  soluiions  correspond 
those  of  vanus  siimulation.     The  rate  b  slowed,  the  diastolic  excursions  increased,  tlwl 
s>-stolic  excursions  at  first  uncbani^ed,  then  diminished.     Thii  progresses  to  diasttitilA 
Standstill  {Jacobj,  1900;  Wybauer,  1900),  from  impaired  conduction  and   bcart-blodc' 
(Straub;  C.'lark,  1014).     The  heart  still  responds  to  mechanical  Mimulation.     IIiRher 
conctnt rations  produce  the  t>-pical  systolic  phenomena  and  systolic  standstill.     Very 
conci-ntraled  solutions  paralyze  the  heart  (Werschinin,  iqio).     There  is  a]«ra>'&  a  latent 
period  of  five  to  fifteen  minutes,  even  when  strong  solutions  arc  used. 

Thf  diaslaiic  slundstiU  occurs  tsjiecially  on  applying  the  digitaliti  to  the  outer  surface 
of  the  heart.  Werschinin  claimed  that  a  (tivcn  concentration  produces  the  tame 
effect  on  endocardial  and  pericardial  application;  but  Hnlste,  igi:.  arul  Clark,  1912, 
attribute  the  diastolic  standstill  from  intracardiat  application  to  technical  crn>n,i 
The  diastolic  standstill  is  a  regular  feature  of  low  concentrations  of  the  various  diRttakMd 
substances  (Benedicenti,  1^3),  including  barium  [Poulsson,  iqio). 

The  inhibitory  phenomena  bear  n  close  resemhlantf  to  wgMS  stimulation.     Haid- 
schinsky,  iqoS,  demonTitraled  the  summation  of  submaximal  digitalis  and  va^^  InhlU-, 
tion.     However,  the  digitalis  inhibition  ii  not  influenced  by  atropin  (Benedtccnti.  1901). ' 
It  must  ther<;fore  be  concluded  that  the  vagus  and  digitalis  act  independently  on  the 
same  function  of  the  muscle.     (Schminlc-berg,  igto,  suggests  that  they  stimulate  sped&c 
"diastolic  fibers;"  but  the  existence  of  thest  is  altogether  h)-poihclical.) 

Isolalfd  Auricle  ojihe  Frog.- — The  toxic  dose  of  digitalis  is  at  least  ten  times  as  grat 
as  for  the  ventricle;  the  phrnoracna,  however,  are  similar  (W.  Straub,  191 5). 

Fboition  of  Digitaloids  in  Heart.— W.  Straub,  1910  to  1013,  investigated  the  qnuti*| 
tativc  rplalions  of  (iigiLiUs  on  excised  frog'^'  hearts,  usin};  the  response  of  "lest  hearts'" 
as  a  quanlil-ative  method.     He  found  the  vfTi-ct»i  rt>ugh!y  pmportiona!  to  the  concenln^l 
tion  of  the  poison,  not  to  the  absolute  amount-  used.     From  this  he  ar^cd  that  th«j 
reaction  must  be  confmed  to  the  surface  (envelope)  of  the  muscle  cells;  the  mechamsari 
being  similar  to  that  of  saponin  action.     Further  investigation,  boiK\'er,  showed  IhiU 
the<|uantity  is  also  important  (Clark.  1911;  Grucnwatd,  iQt>;  Issekutr,  1915).  and 
that  the  concentration  is  probalbly  important  mainly  in  detenniniOK  the  r&pidity  ol 
penetration. 

The  effects  of  digitalis  outlast  its  actual  application.  With  smaD  doses,  the  heart 
recovers  completely  on  washing;  but  when  immersed  anew  in  digitalis  solution,  even 
afteralongiime,  it's  threshold  i>  fiiuiid  lowered  (Gottlieb,  1914;  Ksekutz,  191  si-  The«. 
facts  indicate  that  di%ila}is  is  cbsorbcd  and  stored  in  the.  heart  muscle,  remaining  there  1 
active  form  for  a  considerable  time.  The  amount  of  drug  used  up,  however,  b  vety 
small  (Straub;  Grucnwald;  Clark;  Holstc,  igia);  somewhat  greater  with  dl^taiin  thaa 
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■ith  ArophcDthm  (Wnzsaecker,  1913).  Fuehner,  igi  2,  finds  that  melhyl-violei.  which 
JtA&  k  typical  digitalis  effect,  Actually  accumulates  In  the  cardiac  muscle  of  fri>f;s,  the 
*flccts  correspoDding  to  the  quantity  of  dye  »u  fixed. 

There  Ur*ft«aa  tA  bclirvc  that  an  actual  storage  of  digilaloids  occurs  in  the  heart 
lis  of  Riammala  (Hatrhcr,  1912),  although  the  evidence  is  not  conclusive.     Lhota. 
012.  states  that  the  »toraf(c  occurs  particularly  in  the  heart  and  blood  vcsseU,  hut  abo 
n  tile  liver  and  other  organs. 

Wilbur,  ^()ii,  reports  that  irriianls  (iodin)  produce  effects  umilar  to  digitalis  on 
terrapin's  heart. 

CoDcentralion  Coefficient.— Soil mnnn.  Mendenhall  and  Stineel,  1915.  determined 
tile  ratio  of  concentration  and  activity.  They  found  that  the  feebler  the  actions  of 
otaabain,  the  more  15  its  acti^-ily  increased  by  doubling  the  concent raliun.  The 
reAftons  for  this  are  explained  in  their  paiwr. 

Vigor  of  the  Heart. — Holste,  loii.and  Weizjuircker,  191  j,  find  that  this  influences 
the  rcspoiuic  quantitatively.  The  greater  the  intensity  of  the  cardiac  functions,  the 
prompter  the  slroplwnthin  efTect. 

Temperature. — I1ic  cardiac  effects  of  the  di^italoids  on  frogs  Increase  with  the  tern- 
p«-rature  (Trendelenburg,  igog),  the  increase  being  greater  for  low  than  (or  high  lem- 
perature9w  The  activity  is  increased  by  heat  not  only  directly,  but  also  through  the 
Kikore  rapid  henrt  rate  (Sollmann,  Mrudeiihall  and  Stingel,  iQt;)-  In  the  perfused 
mmauAo  heart,  the  effects  are  abo  quickened  by  heat;  in  tius  case  the  more  rapid 
>»Tinar>'  flow  is  a  contributing  favtor  CGunn.  iqi4). 

Iftfittcoce  of  Serum. — Wcr5fhinin  found  the  systolic  action  much  weaker  in  Ring- 
'awlution  than  in  »erutn<»olution3  of  the  drugs.     OpiMrnhciracr,  1913,  observed  that 
Inhibits  the  ai-tion  of  the  less  soluble  digitaloids,  but  aot  of  strophanthin. 
lerin  and  egg-albumin  did  not  have  equivalent  effects. 
Oinf/ii  increa.«e»  the  di«il.ilis  effect  (Gruenwald,  loia). 
,_      laduence  o(  looi. — The  3>'stolic  digitalis  action  occurs  only  in  the  presence  of  C« 
^***  in  Ihe  i-erfused  solution.     Kxcesa  o7  alkali  or  absence  of  potassium  rather  Increases 
^***  mtoltc  action;  excess  of  Ca  has  little  effect  (Clark,  1912).     On  the  other  hand, 
•^•"opnanlhin  dcluj-s  the  standstill  of  the  heart  when  this  is  perfused  rith  Ca-lree 
luilons  or  with  pure  K  solutions;  but  it  hastens  the  arrest  when  added  to&solution. 
3rn  which  Ca  and  K  are  both  absent  (O.  Locwi.  1913;  Konschcgg,  191J].    Strmihan- 
In  may  therefore  to  a  certain  extent  replace  Ca,  and  thereby  antagonife  theKions. 
teffeetii  of  the  ions  on  the  vagus  action  arf  quite  different  (Clark,  1914). 
AntacocLism  with  Alkaloids.— Lhota,  1909,  claims  that  comin  diminishes  the  toxicity 
**    RtMphanthin    by    If.soninR   the  cardiac  excitability.     Wilbur,    1911,  found  that 
^Vxychain  often  removed  the  ouabain  heart -block  in  terrapin's  heart. 

Central  Effects  of  Digitalis.  -The  jieriphcral  cH'ccts  dominate  the 
*ytnplom-complcx  so  srcally  that  of  the  direct  central  effects  only  the 
enwtic  action  is  important.  The  cardiac  action  is  so  selective  that  Irogs 
wboie  heart  has  been  stopped  by  digitalis  may  hop  about  as  if  normal. 
Th«  mfdjtihry  centers  are  probably  stimulated  directly.  Tliis  is  proven 
1*  the  v-omiting  and  vagus  centers,  probable  for  the  vasomotor  center, 
*od  perhaps  also  for  the  respirator)'  center;  but  the  indirect  effects  from 
filtered  circulation  are  much  more  important  than  any  pos^ble  direct 
«tion$. 


('*WMf  Symftitptt. — When  digitalis  is  injected  into  the  ear  vein  of  unamestMistdTA\>' 
lUy.  the  symptoms  occur  immediatHy,  and  appear  to  be  largely  central, 
dyspnea;  tremors  and  convulsions;  miosis;  debility  and  paralysis  of 
muMTic  groups,  espcciiiUy-  the  neck;  dbolitiun  of  certain  reflexes.     'These  effects 
ad  by  asphyxial  convulsions  with  mydriasis  and  death  by  paralysis  of  the 
or  beart.     The  later  symptoms  are,  at  least  partly,  due  to  the  circulatory 
.  but  the  earlier  symptoms  are  probably  due  to  direct  central  actions  (Santes- 
_     IStTfndberg.  1916.1 
taflMliim. — Hypodermic  or  intravenous  injection  produces  a  primary  increase 
■  ■btt^iiration  in  rabbits.    Larger  doses  depress  (Gross,  1914). 
Ba^tud  brvmcliial  m»jcU  is  not  i^ccted  by  struphanthin  (Trendelenburg,  iqix). 
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GASTRO-INTESTHJAL  ACTIONS  OP  DIGITALOIDS 

Vomiting  and  diarrhea  occur  with  overdoses  of  all  digilaJoids.  Unffl 
recently  they  were  erroneously  attributed  mainly  to  local  action,  espe- 
dally  of  the  digitonin.  Hatcher  and  Bailey,  iQi^i  pointed  out  that  they 
occur  more  promptly  on  intravenous  than  on  oral  administration;  and 
Hatcher  and  Kggleston,  1912,  proved  that  the  vomiting  movements  occur 
even  when  the  whole  alimentary  tract  has  been  excised.  The  action  k 
therefore  central,  and  it  is  useless  to  look  for  '"non-emetic"  digitalis  prepa- 
rations. The  differences  are  merely  quantitative.  These  conclusions 
arc  supported  by  tbc  clinical  data;  for  the  nausea  or  cmcsis  is  alwav'S 
preceded  by  cardiac  effects  fEggkslon.  1913).  Tlie  gastro-inleslinal  symp- 
toms generally  disappear  within  two  or  three  days  after  withdrawal  (Co^^ 

1915)-  I 

Very  sensitive  individuals  nifty,  of  course,  be  nausested  by  the  acrid  laste  of  rreoi 
unal]  doses,  but  local  irritation  sufficient  to  produce  cinesls  could  onl^'  occur  nrilh  dosn 
much  larger  than  the  clinical.  The  digitonin  must  play  a  very  insi|;niAcant  nail; 
for  it  is  not  emetic  in  doses  very  much  larK*'''  than  occur  in  the  UMial  adtninistnition. 
The  fat  of  the  leaf  is  alsO  non-emetic  (ligjtlcston  and  Hatcher.  1013).  The  ofl  of 
Mrophanthus  seed  is  emetic,  but  only  in  quiintilies  10,000  limea  as  hinb  as  are  prtaest 
in  a  therapeutic  do!»e  of  the  tincture  (Hatcher,  1916). 

Ratio  of  Emetic  Actioa, — This  may  l)e  eirorcssed  as  the  relation  of  the  cmettf  l« 
Ihc  fatal  doKC,  intravenously.  Eggleston  and  ilatcher  found  True  Digitalin  the  mo«t 
emetic  (emetic  dose  =  22  ncr  cent,  of  the  fatal);  then  come  slrophanlhu^,  mialiain, 
diRitalis.,  diKiptiralum,  dif;alen  and  adonis  (ratio  ^  40  to  50  per  cent.);  then  diritozJn 
and  amorphous  strophanthin  (58  to  65  per  ccnt.V,  least  emetic  wcic  SquiU  and  Apocy-- 
oum  (75  t(i  SS  per  crnt.}, 

KFocnunD,  1913,  states  that  digitalis  diminishes,  easlrir  trcrftion  in  &stuU-<to(s. 

Squill  was  formerly  use<l  as  nauseant  expectorant;  Eaonymus  (wahoo)  as 

GALL-BLADDER 
This  is  stimulated  (Lieb  and  McWhnrter,  1015). 

SUPRARENAL  SECRETIOK 

Richards  and  Wood,  1915.  fiiid  that  the  blood,  after  ibe  intravenous  injeci 
strophanthin    or   digitoxin,  contains  sub&tanccs    that    inhibit    inteslioal  tonui. 
which    they   interpret    as  epinephrin.     This    inhibiting  substance    is    absent    d 
splanchnics  havt  Wn  cut. 

LOCAL  ACTIONS 

Ui|;itaii!i  and  the  allied  drugs,  wheji  injected  hypodermically,  cause  ffirly 
irritation,  pain  and  abscess  formalioa,  which  practically  preclude  their  use  by  tfc"^ 
channel.  Intramuscular  injection  is  fea^^blc,  although  not  painless-  Tbe  irriti.  -^ 
action  varies  in  dilTiTi-iit  drugs. 

Digitalift  ^particularly  digitoxJn)  and  sqiuO  are  more  irritant  than  Urophantlw  ' 
and  ouabain  jliayni^,  1006}. 

Relative  Irritant  Action. — Holstc.  1913,  from  hypodermic  and  conjuncti%ml  appli^aj 
Uon  to  rabbit'.,  establishes  a  series  for  the  isolated  principles  a«:  Most  irritant  •-  di^P 
toxin;  then  di|[itonin,  then  di^talein  and  cymarin  (from  apocynum).  Practically  00** 
IrritAnl  =  digilalin,  ouabain  and  Ktrophanthin.  Digaltn  was  much  more  irritant  thw>* 
digipuratum.  Un  the  skin  of  young  pigs.  U.  Locb  and  Loewe,  tgi6,  also  found  dlg^ 
toxin  and  drgalen  the  most  Irntanl.  Pigipuralum,  struphanthin  and  ooAbaJB  •*■* 
about  as  irritant  as  digitalis  infusion. 

Strophanthin  docs  not  inhibit  the  emitrationt  of  ieuettyUs  from  inBamed  mesetiteij 
(Ikeda.  1416). 

Anes^edc  Action.^Steinach.  t8AS.  and  Pana<>,  iKqo,  found  that  appUcalioa  d 
strophanthin  to  rabbit 's  conjunctiva  produces  ane*it  hesia  lastinR  several  hours.  In  mat, 
bovver,  there  is  considerable  indammatioo.     Otbei  digitaloida  axe  also  aoestbctk. 
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HittoricaL — Thl^  nrofi^i^ionaj  us*  of  Digitalis  h  relatively  recent.  It  wu  Itcognked 
by  \Vm.  Withering  ot  Uirmingbain  (Cushny,  1915;  ■\!peni,  1915)  as  im  insrcdWnt  of  an 
M  woman's  secret  formula.  After  ten  years  of  exiierunentutlon,  he  publUlicd  his 
ruuiti  in  1785.  He  was  chJc9y  interested  in  the  diuretic  effect,  and  mentions  the  car- 
diac atlion  only  incidentnlty.  The  evidence  for  (he  connection  of  the  rircuLitory  anil 
diuretic  effect  was  tint  emphasized  by  John  Ferriar  in  1799.  The  dm;;  quickly  aK»umed 
to  imiMriant  place,  though  its  proper  TicM  was  not  recogDized,.  The  cardiac  slowing 
particularly  attracted  attention,  and  a^s  late  as  1851  Traube  referred  the  clinical  eflects 
entirely  to  this  "depressant"  action;  hence.  Digitalis  was  ixscd  in  aneurvsm,  interna! 
hemorrhage,  etc.,  for  which  it  would  be  entirely  iin.siii table.  Ten  years  later,  Traube 
accepted  the  rise  of  blood  presKure,  which  had  been  discovered  in  animals,  as  the  basis 
of  the  therapeutic  eSect.     This  has  been  diaproven  only  quite  recently. 

Stropkanlkvs  was  brtjught  to  Europe  in  the  early  sixties,  and  it's  cardiac  actions 
were  promptly  discovered.  Its  introduction  into  mcdicini;  is  due  mainly  to  Th.  R. 
Frater,  iftSs. 

The  use  of  ScitU  dates  from  the  ancient  Greeks,  although  its  cardiac  action  was 
not  TKognuecd. 

Apocrnum  was  used  by  the  early  settlers  as  a  hydraRO(;iic  cathartic  and  diuretic; 
presumablv  they  learned  its  use  from  the  Indians. 

CnHvoliafia  has  also  been  used  for  several  centuries  in  domestic  medicine,  against 
catdiac  s>-raptoms. 


Explanation  of  Clinical  Effects. — Digitalis,  and  the  allied  drugs,  are 
used  mainly  to  restore  broken  compensation  in  heart  lesions.  They  do 
this  by  increasing  the  lone  of  the  cardiac  muscle,  thus  lessening  the  dila- 
lioti;  narrowing  the  leaking  valvular  ring;  and  increasing  the  amplitude 
of  tbe^tolic  contraction  and  the  time-output.  They  slow  and  regulate 
the  generally  rapid  rhythm  toward  the  normal  optimum.  They  tend  to 
itmove  irregularities,  particularly  in  auricular  librillation.  In  all  of  these 
nys  they  increase  the  efficiency  of  the  circulation,  insuring  a  better  fiU- 
iflR  of  the  arteries,  improving  nutrition  and  oxygenation,  and  relieving 
the  congested  veins.  The  heart  is  among  the  first  to  feel  the  effects  of 
Uiis  improvement.  The  vicious  circle  of  weaker  heart,  poorer  circulation 
is  reversed  into  the  beneficial  circle  of  stronger  heart,  improved  circulation; 
»thaithe  effect.s  outlast  the  administration  of  the  drug,  and  the  improve- 
ment is  peipctualed.  .\t  the  same  time,  the  circulation  in  the  kidneys 
0  improved,  by  the  faster  blood  flow,  the  increase  of  pulse  pressure,  and 
toe  relief  of  the  venous  pressure.  The  kidneys  are  thus  placed  in  the  best 
CMdition  for  filtration  or  secretion.  The  anuria  is  relieved.  If  there  has 
wen  edema,  the  improved  kidney  action  results  in  extensive  diuresis  and 
jwu  in  the  absorption  of  the  edematous  fluid.  This  in  turn  improves  the 
■*rl  action  and  tJie  whole  circulation,  by  relieving  them  of  the  compres- 
•jw  of  the  ascites.  The  vasoconstrictor  action  may  also  play  some  part; 
•""ft  it  is  strongest  in  the  intestines  and  liver,  it  helps  to  relieve  the  con- 
t^m  of  these  organs. 

'Ml  of  the  effects  of  the  iberapeuiic  stage  of  BigilAlis  action  may 
Jwefore  contribute  to  its  clinical  usefulness.  The  increased  time,  by 
•^"•^sliing  the  cardiac  dilation;  the  increased  amplitude,  by  increasing 
"le  output  and  thus  balancing  the  leakage  or  obstruction  of  defective 
™if«s;  the  inhibitory  action,  by  restoring  the  rhythm  toward  the  opti- 
**l»Md  by  partially  blocking  the  response  of  the  ventricle  to  excessively 
"'^rous  auricular  impulses  (in  auricular  fibrillation);  and  the  vasocon- 
^fiction,  by  shifting  the  blood  from  the  congested  venous  areas,  into  the 
^fplcled  arterial  system.  Rise  of  blood  pressure  as  such,  has  no  import- 
■w^re  in  the  action;  for  it  rarely  occurs  clinically,  even  with  intra v«i- 
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0U3  injection,  or  in  cases  which  are  greatly  benefited  (Fracnkel  and 
Schwartz,  1907). 

Differences  in  Health  and  Disease. — The  actions  of  digitalis  are  the 
same  whether  the  heart  is  normal  or  abnormal;  but  the  results  of  these 
actions  are  somewhat  different.  In  health,  the  results  of  digitalis  consti- 
tute departures  from  the  normal,  which  are  antagonized  by  comjicnsatory 
mechanisms;  in  disease,  the  results  constitute  a  return  toward  normal, 
and  are  therefore  not  antagonized  in  the  same  way.  Consequently, 
the  effects  of  digitalis  are  generally  greater  on  those  circulator>'  functions 
which  have  departed  most  widely  from  the  normal.  The  removal  of  the 
cardiac  abnormalities  also  entails  consequences  which  are  not  witnessed 
in  the  normal  individuals;  such  as  more  efficient  regulation  of  the  rale, 
the  removal  of  irregularities,  of  dyspnea,  of  edema,  the  diuretic*  cflfect, 
etc.  I'hese  differences  could  almost  be  predicted  from  a  proper  under- 
standing of  the  pharmacologic  data;  but  it  is  important  that  they  be  taken 
into  consideration  when  the  results  of  animal  experiments  are  transferred 
to  the  clinic. 

Efficiency  of  Digitalis  in  Cardiac  Dilatation. — The  clinical  value  of 
digitalis  may  be  best  appreciated  if  it  is  conceived  as  restoring  the  tone 
and  contractions  of  an  exhausted,  fatigued,  but  otherwise  normal  heart 
muscle,  to  healthy  efficiency.  Its  usefulness  therefore  depends  upon  the 
physiologic  conditions  of  the  heart,  rather  than  upon  the  anatomical 
lesions.  It  will  be  most  useful  in  those  conditions  in  which  the  ventricular 
muscle  is  called  upon  to  do  an  amount  of  work  which  exceeds  its  capacity. 
and  which  therefore  induces  dilation.  This  occurs  particularly  in  valNiilar 
lesions,  where  the  incomplete  emptying  of  the  heart  places  the  muscles 
under  an  ever-increasing  strain.  The  response  will  depend  upon  the 
quantity  of  muscular  tissue  on  which  the  digitalis  can  act:  It  is  therefore 
generally  more  effective  in  ventricular  dilation  (mitral  and  tricuspid  in- 
sufficiency) than  in  auricular  <lilation  (mitral  and  tricuspid  stenosis). 
The  diastolic  expansion  of  a  normal  heart  is  increased  by  the  vagus  action 
of  digitalis;  but  the  excessive  dilation  of  a  weakened  heart  is  reduced  by 
the  muscular  effect.  The  difference  in  size  may  not  be  demonstrable  by 
clinical  methods. 

If  the  cardiac  muscle  is  degenerated,  as  in  cardiosclerosis,  digitalis  will 
be  useless  or  even  harmful,  by  imposing  too  great  a  task  on  the  few  weak- 
ened muscle  tjbers.  It  will  be  of  little  use  in  acute  failure  of  a  previously 
healthy  heart  (simple  collapse),  since  this  is  not  due  to  muscular  ex- 
haustion; nor  is  it  very  effective  against  the  toxic  cardiac  dilation  of  acute 
fevers.  On  the  other  hand,  most  striking  results  are  produced  by  intra- 
venous strophanihin  injections  in  threatened  acute  failure  from  pure 
myocardial  exhaupiion. 

Efficiency  of  Digitalis  in  Cardiac  Irregularities. — The  second  important 
factor  in  the  usefulness  of  digitalis  is  the  regulation  of  ar>'thmias.  It  is 
especially  effective  in  the  "absolute  irregularity"  of  auricular  fibrillation. 
Other  irregularities  are  not  so  much  improved  or  may  even  be  exag- 
gerated. l3igitalis  is  rather  dangerous  in  partial  heart-block.  It  must 
not  be  forgotten  that  overdosage  of  Digitalis  may  provoke  any  of  the 
clinical  tvpes  of  irregularity  even  in  a  healthy  heart,  and  this  will  occur 
more  readily  when  the  heart  is  disposed  to  them  by  disease.  It  is  there- 
fore necessary  to  watch  carefully  for  the  appearance  of  any  irregularities. 
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AnricolAr  flbrilUdoa  ((ormcrly  miscalled  "nodal  rhythm"  by  Mackeiude)  is  apt  to 
-cur  when  the  auricles  air  excessively  dilated,  as  in  advanced  myocardial  and  valvular 
leoions.  The  ovcrsiretched  auricular  muscles  are  uiiiible  to  make  concerted  con- 
tractions, and  iD»tcad  enter  into  a  state  of  continual  Trcmulalion  or  fibrillation.  Thfse 
Dumberlos  irregular  impulses  are  transmitted  to  the  ventricle,  and  thus  produce  a 
very  npid  confused  rhythm.  Tbe  output  of  the  heart  is  greatly  decreased,  and  the  results 
i  very  wrious. 

This  b  the  condition  in  which  dt^tatis  produces  the  most  striking  and  rapid  improve- 
Dt  (Cushnv,  1911:  Mackenzie,  1911):  The  rhythm  does  not  become  normal  but  ihe 
)ii  reduced  to  about  normal,  the  irregularity  becomes  less  and  the  ilyspneo  and  other 
■ywpioms  of  heart  failure  are  relieved.     The  improvement  of  the  heart  is  better 
'V-Oetted  in  the  apcx-heat  (auscultatiua)  than  in  the  pulse  (Christian,  191 5). 

The  auricular  Bhrillation  is  not  changed,  although  it  may  be  presumed  that  the  dift- 
t^-ntjon  is  Ic-uened.  The  main  factor  in  the  iraprovpmcnl  is  probably  the  lessened 
o^wnloctivity,  hy  which  many  of  the  superfluous  auricular  impulses  are  blocked  from  the 
^'^•ilriclc;  for  wmewhat  sJmUar  results  may  be  obtainctl  from  simple  vagus  stimulation. 
C  Jrimricular  nhrillation,  mechanical  stimulation  of  the  ri(;ht  va^s  usually  slows  the 
*^«::rurinjlar  rhythm  without  affecting  the  auricular  rate  (Robinson  and  Draper,  19:1). 
^*H«  (tirect  regulating  action  of  dti^talis  on  the  cardiac  muscle  may  play  stime  part; 
(or  it  has  been  found  that  dieitalis  tends  to  remove  irre^laritics  in  excised  hearts. 

EJta  UN  Blood  Flcni'. — The  impmvement  iimler  (lieit^ills  in  nuricular  fibrillation  is 
Kcomponicd  by  a  prompt  and  dcdded  increase  in  the  blood  Oow  through  the  hand. 
Since  there  t&  no  evidence  of  purely  local  vasodilation,  thi«  mentis  improved  output  of 
tSte  bean.  In  a  case  In  which  ihere  was  no  clinical  improvement  there  was  ouono 
li»Cf«»se  of  the  blood  flow  (Stewart  and  Scott,  1915)- 

To  oiHain  the  best  results  in  aurkviar  fibriUatitm,  the  digitclis  must  Ik 
Uarltd  tcilh  full  doses.  SmaUer  doses  must  then  [be  cotUinued  for  a  hng 
liww.  pving  just  enough  to  keep  the  rate  between  60  and  70  per  minute. 
CK'erdosage  is  often  indicated  by  occasional  reduplication  of  the  pulse 
wave.    TTiis  is  an  indication  to  reduce  the  dosage. 

Th<K  "  ceuptrd  htali"  (pulsu*  bigeminus)  are  not  produced  by  digitalis  in  any  other 
cotwlitioQ  (Mackenzie).  Each  ventricular  beat  originating  from  the  auricles  is  followed 
Ify  aaother  arising  in  the  ventricle  (Lewis,  iqi  i). 

If  the  auricular  fibrillation  occurs  in  cardiosclerosis  or  when  the  myocardium  is 
«>BoiireIy  weakened,  diitiulis  is  much  less  cllcctivc  and  much  more  dangerous. 

^i0tt<d\T  di>*e9  erf  diKilalis  (also  of  barium,  aconite,  etc.)  mny  of  themselves  produce 
•uiirdisr  dbrillation,  in  man  as  well  as  in  animals,  by  increasing  the  excitability  of  the 
*«ntls  (Cuthny,  1911). 

\k$ciaU  Villus  Ttiur, — In  timpie  quUkeHtng  of  the  carduic  rate,  by  dimini<ihed  vagus 
2^  the  ef&cicncy  of  digitalis  depends  upon  the  cause.  In  the  milder  (grades  of  cardiac 
"OUlion.  the  vagus  tone  is  BUloraalically  inhibited  in  the  effort  to  keep  the  blood  pres- 
^"to  the  normal.  Digitalis,  by  strengthcninp  the  beats,  removes  the  need  for  these 
^("iifimlractions.  and  ihcy  naturally  return  lo  the  normal  rale.  The  return  is  doubtless 
^■teiri  by  the  direct  stimulant  effect  of  digitalis  on  the  vagus  mechanism.  In  some 
<*Kt,  it  fails  to  :i|ow  a  fast  but  regular  rate;/.*.,  the  rapid  heart  ratcof /ewr  is  not  much 
••ned 

ftfetyimai  Tachycardia. — The  response  varies.  In  some  cases,  digitalis  is  practically 
■Sfflative;  in  others,  intravenous  ^^trophanthiti  reduces  the  rate  very  fitritin(r!y, 

F&U^r  (kani^ft  in  sinus  rhythm  (such  as  the  exaggcralcd  respiratory  variations, 
Jjichacair  in  general  nwvous  exhaustion,  rather  than  in  cardiac  disease)  are  not  bene- 
"W  by  diptahs.  On  the  contrary,  the  vagus  stimulation  would  tend  to  render  them 
^Rnsrlted. 

&ln«i^tl0j>r.— -These  would  not  be  removed  by  digitalb  since  they  are  probably 
y»  heightened  irritability  of  the  myocardium — a  condition  wWch  could  only  be  e»- 
%Biud  by  dijti 1 .1  li*.  Ex tiasy stales  due  to  nervous  cxhausltnn,  indigestion,  nicotin, 
"^doBM  require  medicinal  treatm<^nt;  they  tend  todiMpf>e.\r  under  suitable  hygiene^ 
*4ti  uy  cue,  they  have  no  serious  •'ienilicance.  (The  influence  of  various  drugs  oa 
'  BKwjMaiea  hat  been  studied  hy  McCord,  iqi  3.) 

Fvtial  Btart-block  (diminished  conducti\'ity  of  the  auriculo-ventricu- 

]kr  bundle). — This  is  always  exajtgerated  by  digitalis:  a  sHght  retarda- 

[lioa  between  the  auricular  and  veniricular  contraction  may  thus  be  con- 

imo  a  partial  block,  so  that  the  ventricles  respond  only  to  every 
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second  or  third  Ijeat  of  the  auricles;  or  a  partial  block  of  this  kind  may  be 
converted  into  a  complete  block,  the  ventricles  assuming  their  character- 
istic slow  independent  rhythm.  In  partial  heart-block  (even  when  the 
a-c  interval  in  the  Jugular  tracing  is  merely  lengthened)  digitalis  should 
be  avoided,  and  employed  only  with  caution  when  it  is  otherwise  urgently 
needed.  If  the  need  for  it  exists,  however,  it  may  relieve  the  5}'mptonis 
even  though  It  exaggerates  the  partial  block. 

ComplrU'  Ueart-block. — In  this,  digitalis  can  do  no  further  harm;  for 
it  does  not  slow  the  spontaneous  ventricular  rhythm.  On  the  contrary, 
it  would  lend  to  quicken  the  beat,  at  all  events  it  would  tend  to  render  it 
more  effective.     It  might  therefore  be  of  some  use  (Bachmann), 

In  complete  tq»erinient.-il  heart-MwcIi  (diijjp)  slrophanthin  first  increased  the  r&te 
and  strength  of  the  vcntriculiir  contraction.  This  wa&  followed  by  sudden  ventricular 
arythmia  ;ind  tiichyc«rilia,  increa^ini^  tu  librillttiion.  The  auricles  were  strmKthcned. 
thdr  rate  somctinnes  quickened  or  flowed.  The  blood  pressure  rose  in  the  first,  and 
still  mon:  in  the  second  staice  (van  Kgmond,  1913). 

Irregularities  in  tiif  Strength  of  the  Ciirdiac  CcntraciUnis  (PuUus  allemuu). — 
These,  as  contriistcd  with  irregularities  of  rhythm,  are  currently  attributed  to  exhau»tion 
of  the  m>ticardiuni.  They  should  therefore  be  improved  by  digitalis.  It  mwX  be 
employed  with  caulioa,  however,  for  similar  irrci^ularities  arc  protninent  in  digitalis 
poisoning,  and  ;iti  exhausted  heart  is  more  subject  to  these  effects. 

Use  of  Digitalis  in  the  Special  Cardiac  Lesions. — No  cardiac  lesion,  as 
such,  cither  indicates  or  contraindicatea  digitalis.  Whatever  the  lesion, 
digitalis  would  be  superfluous  so  long  as  compensation  is  fairly  perfect. 
The  indications  for  its  use  arise  only  when  compensation  fails;  and  then 
its  possibilities  [or  good  or  harm  are  determined  by  the  physiolt^ic  con- 
ditions, as  they  have  been  discussed,  rather  than  by  the  location  of  the 
anatomic  changes.  The  two  are,  of  course,  often  associated;  and  it  may 
therefore  not  be  amiss  to  review  the  use  of  digitalis  from  the  standpoint  of 
the  usual  anatomical  classilication  of  cardiac  diseases. 

ititrai  cr  Tricuspid  Jns'iJUicrKy. — The  leakage  of  the  mitral  or  tricunud  valvet 
tends  to  produce  excessive  dUalion,  particutarly  of  the  auricles,  often  &&siH:iate«l  with 
the  more  serious  arhythmiiia  (auricular  cxtrasystolcs  and  auricular  fibrillatioo). 
Digitnlis  would  l>e  particularly  useful. 

Mitral  Stenojis. — Digitalis  would  be  le&3  cHicicntia  thisleuoQ.  It  will  berememliered 
that  dieitaUs  acts  coni|>nrutivcly  weakly  upon  the  Auride>,  much  more  i^trongly  on  th* 
ventricles.  Consequently  a  mitral  stenosis  can  not  be  affected  by  action  on  the  left 
auricle,  but  only  through  the  right  ventricle.  This  increased  worL  of  Uic  right  ventricle. 
combined  with  the  stenosis  of  the  mitral  valve,  will  tend  to  produce  congestion  of  the 
pulmonary  vcsseb,  consequently  to  lessen  the  ox>'gcnation  of  the  blood,  an<l  in  this  way 
may  interfere  with  the  nutrition  of  the  heart.  Then,  again,  the  systolic  tendency  of  the 
digitalis  will  render  the  stenosis  more  marked,  juj>t  an  it  counteracts  iosoffidency  by 
approaching  the  valvules.  On  the  ather  hand,  the  cardiac  slowing  will  give  the  lunp 
more  time  to  empty  into  the  heart.  Some  conditions  of  the  action  of  digitalis  are 
therefore  fuvonible,  others  unfavorable;  and  the  effect  upon  patients  is,  in  consequctKv, 
variable.  Some  cases  of  mitra.1  stenosis  are  benefited  by  digitalis,  others  are  even  made 
worse.  The  digitiUis  must  therefore  be  carefully  watched,  and  if  it  is  seen  that  the 
symptomii  arc  not  improved,  it  should  be  omitted  and  replaced  bv  other  remedies: 
I?  the  symptoms  arising  from  low  blood  pressure  predominate,  it  would  be  well  to  emplay 
voKKOlutrKtors;  if  those  from  a  weakened  heart,  vasodilators. 

Tricuspid  SUnasis. — In  this  also,  digitalis  would  often  fail;  but  it  is  sametine 
valuable  to  restore  the  tone  of  the  auricle. 

Aortic  Slmosit. — The  difficulty  which  this  lesicm  o0crs  to  the  emptying  oC  tbe 
ventricle  tends  to  dilation,  and  thU  frequently  produces  irregularities,  partiaiUdy 
pubus  alternans  and  ventricular  extra9>-»[ole:>.  Digitalis  would  be  valuable  so  loog 
as  the  heart-muscle  is  able  to  respond  to  it. 

Aortic  I nsii^cifncy. — The  usefulness  of  digitalis  in  this  lesion  has  been  much  dis- 
puted. The  older  clinicians,  since  Corrignn,  held  it  to  be  detrimental,  fearing  e^iedaBy 
that  the  prolonged  diastole  would  give  the  blood  in  the  brain  a  chance  to  gravitate 
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back  iato  the  heart,  and  thiu  produce  syacope.    The  danger  Is  doubtle»  exaggerated, 

f^pwiiilly  if  tbc  pulicnt  is  kept  in  bed.  'Hie  improved  tone  of  the  ventricle  may  more 
than  olTsct  the  h>'p«:ithetical  objection.  At  present,  di^ilnlis  i*  gencriilty  u^oil,  al  least 
il  mitral  insuUicicncy  is  niso  present;  but  it  should  be  cmploycfl  more  carefully,  and  it 
would  be  well  to  combine  it  nilb  nitrite. 

The  occurrence  of  syncope  on.  changing  suddenly  from  the  prostrate  Id  the  upright 
rKwitioa  is  nut  rare,  under  the  iailucacc  of  digitalis,  even  with  other  lesions;  the  patient 
should  he  cautioned  a.«  to  this. 

Gcbhart,  igii,  has  tried  the  effect  of  diftitalis  on  expfripientoi  af>rt\r  insufficiency 
in  rahhils:  He  found  that  il  leso-ened  the  drojisy  and  martaHty;  but  did  not  prevent 
cardiac  h\-pcrtraphy. 

CMrnnie  Myocardilis. — Digitalis  would  generally  be  efSdcnt  against  the  dilattoa 
and  irreinjlarily;  but  it  must  be  used  cautlimsly  if  the  muscle  is  degenerated. 

Ciifdif»cIerosis. — It  must  be  remembered  that  the  most  useful  effects  of  digitalis  are 
produced  by  a  stimubtion  ot  the  cardiac  muscle.  As  a  result  of  tbc  better  nutrition 
produced  in  tliw  manner,  the  muscular  fibers  m;i.y  JiflerM'iird  iiypcr trophy,  or  new  fiber* 
may  poBsibly  be  formed;  but  the  primary  action  of  digitalis  itself  'a  coc&ncd  to  the 
already  eu&tlng  muscle;  curise(|urntly  it  will  be  tif  no  uw  if  there  is  practically  no 
muscle  left  to  respond  to  iL  It  is  therefore  u.sclcjyi  with  a  heart  which  has  undergone 
narked  fatly  or  fibrous  degeneration.  In  this  condition  it  is  often  contraindtcated, 
beciuM  the  overworked  muscle  i^  more  readily  poisoned. 

Biih   Blood  PrtsiUTf.—This  has  little  bearing*  on  the  usefulness  of  digitalis.    Its 
eristcnce  does  not  contraind irate  the  administration. 

ActUe  Uyoeardiliv  and  EndocardHi%. — The  use  of  digitalis  is  debatable:  it  can  easily 
Icui  to  dangerous  overstr:iin  of  the  hypcr5c-n5ilivc  tnusrlc, 

^Cttlatorr  Faihire  of  Fevers.— The  usefulness  of  digitalis  is  rather  limited.  It 
miy  improve  the  pulse  (making  it  fuller  and  more  regular),  early  in  the  disease,  when 
tke  heart  U  relatively  inefficient,  but  when  the  hlood  pressure  is  still  maintained. 
Patients  developing  auricular  IJbrillatioa  arc  very  strikingly  benefited  (Cohn,  1915)- 
"nieactionofstrophanthin  is  identical  in  normal  and  in  pneumonia- infected  animals 
fjunie^on,  1915)-  When  collapse  (vasomotor  paral>'»ii)  has  set  in,  digitalis  would  be 
pnctically  inefTective  (G.  Schwiirtz,  1906). 

iMurysm. — The  sudden  distention  of  the  aneurysmal  sac  by  n  larger  mass  of  hlood, 
iMi  would  be  the  result  of  digitalis,  is  exactly  contraindicated.     The  only  reason 
«)nr  digitalis  has  not  done  mare  barm  in  this  way  is  that  it  has  not  generally  been  used 
■Dw^  enough  doses  to  have  a  marked  effect. 
Rflnorrtiace. — Thb  would  similarly  contraindicale  digitalis. 

Absorption.— The  slow  onset  of  the  symptoms  shows  that  absorption 
from  the  alimentan'  canal  is  very  f^radual;  it  is  more  rapid  with,  rectal, 
awJ  especially  with  intramuscular  administration. 

The  dose  influences  the  rate  of  absorption  materially.  With  oral 
^iministration,  the  rate  of  absorption  increases  with  the  dose  (Hatcher, 
'W);  but  is  always  quantitatively  uncertain.  The  variation  is  espe- 
oally  great  with  Strophantkus  (Hatcher,  1909).  This  accounts  for  the 
«w»lis£actory  clinical  results  from  the  oral  use  of  this  drug.  The  safe 
^  would  be  so  small  as  to  be  generally  ineffective;  a  really  effective 
<W  could  be  highly  dangerous  according  to  the  individual  absorption. 
B^orein  is  probably  not  abstirbed  at  all  from  the  alimentary  canal,  since 
1  commonly  produces  only  dtarrhpa,  without  cardiac  effects  (Cushny, 
J^,  t9ia).  Digitoxin  appears  to  be  better  absorbed  than  digitalis 
(tj^eston,  191 5).  The  tincture  of  digitalis  is  absorbed  more  rapidly  than 
ibe  infusion.  I)igipuratum  and  digalen  are  not  decidedly  superior  (Has- 
^'A,  McCants  and  Gardner,  1916). 

W/ffwi  Periions  oj  the  Digestive  Tract. — Qu.intitative  studiea  by  Ogawa,  1912, 
■■"cut  tbit  disitalb  w  not  absorbed  from  the  stomach.  From  the  intestines,  34  to 
JiPtTtenL  were  abv)rbed  in  two  hours  from  digitalis  leaves;  with  diKlpuratum,  the 
"•'[ption  was  jj  to  61  per  cenL  in  two  hours:  65  ptr  cent,  in  tlirec  hours. 

*|wtniction  in  Alimentary  Canal. — The  digitaloids  are  pratlically  unaffected  hy 

P*I*"of  trypsin  ((Joodall  and   Reid,  1914);  but  a  small  quantity  of  the  glutosids  »a 

^'*yy  des.tnj>-ed  by  the  acidity  of  the  gnstric  juice  (Hale,  igii;  Holste.  101 J;  Segond, 

**"'.    Johanaessobii,  1914,  found  that  alkalies  weakenett  only  crj-stalUnc  K-slrophan- 
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thin;  acids,  \his  and  amorphous  K-strophanliun  and  strophantbus  tincture.  The 
amorphous  strophanihm  ii^  chanK''^  rao^lly  to  strophanthidin,  and  piartly  to  an  inactive 
reun—ouabain  i»  una]t<:rcd  by  cither  adds  or  alkalies,  which  is  an  advaotafne  in  its 
admin  Est  ration.  However,  with  the  usual  short  tonlact,  the  destruction  of  the  other 
principles  is  probably  alwi  unimportant  (Hatcher,  icKsg). 

Lhula,  1912  and  1Q13,  invokes  gastric  destruction  to  explain  the  habituation  wluch 
he  believe*;  to  occur  in  rahliils. 

Disappearance  in  the  Body. — ^The  digit&loida  disappear  from  the  blood  olnuMt 
unnKdiately  after  the  injection  of  e\'en  much  more  Itian  fatal  do»c5  (Hatcher  and 
Egglcston,  1913;  Lhota,  icjia).  Their  further  fate  is  not  definitely  Loovn.  From  the 
duration  of  th<:ir  action  Cloctta  and  Fiiicber,  1906,  and  Hatcher,  iqii,  conclude  that 
a  part  must  be  stored  in  the  cardiac  tissue,  I.hola,  1913,  claims  that  digitonn  is  found 
chiefly  in  the  heart  and  blood  vessels,  less  in  the  liver  ami  other  orRiinft.  Accordini  to 
Clarfc*  1913,  there  is  no  evidence  that  the  digitaioids  arc  either  fixed  or  dCTtroyed  in  the 
tissues,  so  that  Ihrir  distribution  would  be  ratht-r  one  of  selective  solutiun-afhaity. 
In  proportion  to  their  slow  excretion,  they  would  gradually  diifuse  back  into  the  blood. 

Excretion.— This  also  has  not  been  dc6Ditcly  determined  because  it  is  djffictilt  to 

demon^lrnte  the  small  iiuanlilies  of  the  drugs.     It  probably  occurs  partly  by  the  urine; 

but  in  rata  (ouabain)  mainly  by  the  feces  (Hatcher,  tgog).    Lhota,  191 3,  could  find 

none  in  the  urine  or  feces  of  rabbits.     He  has  also  studied  (1913)  the  excretjoa  and 

'fate  in  the  toad. 

Onset  of  Action.— When  therapeutic  Hoses  of  the  Digitalis  drugs  are 
administered  by  the  alimentary  cana!,  the  effccls  develop  very  slowly. 
It  may  be  .wveral  hours  before  any  action  can  be  noted.  The  full  effect 
is  reached  much  later;  twenty-four  lo  thirty-six  hours  for  the  circiUatory 
actions;  seventy-two  hours  for  the  diuresis.  With  a  large  Llicrapeutic 
dose  (0.3  Gm.)  the  latent  period  may  be  shortened  by  one-half  (Fraenkd, 
1007).  The  delay  in  starting  is  evidently  due  lo  slow  absorption,  for  when 
strophanthin  is  givL*n  intravenously,  the  circulatory  action  begins  at  once, 
and  the  diuresis  starts  Ln  a  few  hours  (Fraenkcl  and  Schwartz,  1907}. 
Intravenously,  digitalis  and  its  principles  act  almost  as  promptly  (Hatcher 
and  Bailey,  ipio).  In  any  case,  however,  the  reaction  continues  to  in- 
crease for  .some  time. 

Duration  of  Action. — The  digitalis  effects  endure  for  a  long  time  after 
the  administration  has  stopped,  whether  the  drug  was  given  by  the  mouth 
or  vein.  It  is  difficult  to  establish  a  time  for  the  clinica.1  reaction,  becau.w 
when  compensation  has  been  established,  it  tends  to  persist,  independ- 
ently of  the  drug  (except  in  auricular  fibrillation),  until  some  extra  de- 
mand causes  a  fresh  break  of  compensation.  This  probably  holds  true  to 
some  degree  of  the  other  cardiac  changes.  The  persistence  of  tlie  drug- 
effect  depends  also  upon  the  total  dose.  One  can  therefore  only  deal  in 
approximations.  The  effects  of  a  "full"  dose  of  digitalis  or  digttoxin 
seem  to  persist,  with  gradual  decline,  for  one  to  three  weeks,  according 
to  the  total  dosage;  but  for  shorter  periods  with  some  of  the  other  di- 
gitaloids,  especially  strophanthin  and  ouabain. 

The  duration  of  the  digitoiis-eflect  can  be  measured  accurately  in  animals  by 
Hatcher's  method  (dlfferenti&l  faul  doKe):  In  cat&,  one-half  of  the  oiiginal  efiect  of 
an  intravenous  injection  persists  for  the  following;  number  of  days:  disilaUs.  five  to 
twelve  days;  digltoxin,  fourteen  (dogs,  two  da>'5;  rabbits  loss  than  one  day);  dlntolein, 
three;  digitalin  (lerman,  three;  digitalin  true,  less  than  two;  ouabain  and  strophanthin 
less  than  one  (Hatcher,  1913).  Klein,  (914,  believes  that  the  action  of  strophanthin 
m&ypersist  for  a  month  in  cats. 

The  duration  b  much  shorter  in  dogs  and  especially  in  rabbits,  as  quoted  for  dip- 
toxtn.  Apparently,  the  mure  resistant  a  species  is  to  digitalis,  the  shorter  'a  the  action. 
Both  facu  perhaps  depend  on  the  rate  of  elimination.  The  clinical  data  indicate  that 
the  duration  in  mm  approaches  that  in  cats  (Eggleston,  191 2}. 
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Medianism  of  the  Prolonged  Action. — This  mighi  be  explained  cither 
y  the  persistence  of  the  rligiialoid  in  the  tissues;  or  by  persistence  of  the 
cri^tidiac  changes  after  the  drug  has  disappeared.  The  briefer  duration 
p^ter  ouabain  favors  the  iirsl  rather  than  the  second  explanation  (Hatcher), 
1 1  the  e\idence  is  not  decisive. 

Racia]  Tolwance. — Great  differences  exist  in  tlic  susceptibility  of  different  species 

£he  dJgitAUs  poisons.     Rock-nts,  toads  (Vulpian,  i8sO)  and  the  gras^Mudte  arc  etpc- 

tljr  resistant   but  not  immune.      With  mammals  the  difference  Is  perhaps  partly  a 

,Cter  ol  cn^ttioD;  but  the  resistance  seems  to  be  mainly  in  the  tissues. 

Curicnsly,  the  rtjuiance  of  the  load  and  Miake  doe&  not  rslcnd  to  ihe  related  action 

barium  or  saponin  (.Hcuscr,  1903;  Clark,  1Q13).    The  toad  resistance  is  cenerally 

tributcd  to  habituation  for  its  own  pmson;  and  Hlippi,  19131  claims  that  toads  ile> 

■i-v-«l  of  their  pol3an  an:  very  sensitive  to  dijptalis. 

The  fatal  dose  for  rats  is  nearly  a  thousand  timea  greater  (per  IdloRramj  than  that 

w  cmls,  even  hypodermic  ally  (Hatcher,  IQ09);  and  thirty  times  as  much  as  for  rabbits. 

■uxan,  IQIA,  found    that   the  cancenlration  required  to  arrest  the  isolated  heart  in  a 

"^  vcn  time  is  also  forty  time*  uroalcr  for  rats  than  for  rabbits;  showing  thai  the  difference 

es  ia  the  heart  itjielf.     Similar  rtUtions  hold  for  the  toad  and  snake  (Clark). 

LhoU,  1911,  asserts  that  rabbits  acquire  an  added  tolerance  by  habituatioo;  ttiis 
^  confirrnatton.     Klein,  1914,  describes  a  similar  induced  tolerance  in  cats.     Salvia* 
J.  1907,  claims  that  ruminants  arc  more  resistant  to  oral  adminbtration,  but  not  to 
■TktTaveaous,  indicating    that   in  these  animuls  the  drugs  are  partly  destroyed  in  the 
'<3i|Se>tive  canal.    Lbou.  iqoq,  states  that  young  animals  are  more  resistant  than  adult*. 
Seasodal  Variations  in  Susceptibility. — These  occur  in  frogs  and  Rviinea  piK*  (TTasktII, 
■  Qiiaod  IQ14;  Vanrkrkk-L-d  and  rittenger,  IQI3;  Baker,  loi.?)-     It  '!>  interesting  that 
Uicy  ruD  reverse  to  the  seasvnul  vuriatiuos  of  acetonilrile  and  diphtheria  toxin  (Ilaskell, 

Cnmolative  Action. — The  effects  of  digitalis  tend  to  be  cumulative; 

^bal  is,  the  same  doses,  continued  day  by  «lay,  tend  to  produce  ever-in- 

^tuing  cff^ects ;  or  morccommontv.  toxic  effecls  develop  suddenlv,  without 

*»n»ing,  after  small  doses  have  been  continued  for  some  time.    In  the 

^iierapeutic  use,  the  dose  must  therefore  either  be  diminished,  or  toxic 

Ptienomena  result,  often  quite  suddenly.    This  cumulative  action  may  be 

■^Wiied  in  part  by  the  slow  and  uncertain  absorption  and  excretion. 

Tbe  nrindpal  factor,  however,  is  probably  the  slow,  persistent  and  pro- 

trtsuve  action:  Since  the  effects  of  a  single  dose  may  persist  over  several 

^ysor  weeks,  the  effects  of  alt  the  rioses  which  are  given  in  the  meantime 

•ft  more  or  less  summe<l  up;  and  the  etTects  of  digitalis  are  determined  by 

^  total  dose,  and  not  by  ihe  single  or  cveti  by  the  daily  dose. 

CHRONIC  DIGITAUS  POISONING  IN  ANDAALS 

naUiota,  iqio,  lias  studied  this  in  dog«  nhich  were  poisoned  for  several  months 

yilMiiv  iocrcasinjf  doses  of  Digitalis.     The  phenomena  correspond  closely  to  those 

■ttrrtq  in   man:     The  pulse  after  nine  or  \cn  ilays  shorn  occasional  short  periods  of 

yitf.  but  with  the  heart  regular  and  i^ironf;.    If  the  adminintratioo  is  contmued,  Ihe 

L"**)!!!  becomes  more  pcrsintirnl  mid   mure  m.irkrd  anil  arhythmic.     I^ter,  the  [>uIm 

llUa^Ua  increaMS  to  normal  or  siomcwhat  above.     'Ilie  pulse  changes  outlui  the  ad- 

[»tetjal>on  for  a  long  time;  in  severe  acute  poisoninj;.  they  may  iK-r>ist  for  several  weelu; 

Qckronic  poUonina,  they  may  last  over  a  montii.     Lhoia  believes  that  the  effects 

'U&r>4  cumulative,  but  That  later  some  tolerance  is  aci]uircd  especially  in  rabbiti 

Mt^  IQ12I.  but  the  c\'idcncc  for  habituation  is  not  ronvincing. 

,  TVpioU  cumulative  poLioning  has  also  been  observed  in  rats  (Klein,  iqt4). 

TOXIC    EFFECTS    IN    THE    CLINICAL  USE    OF    DIGITAUS 

icsearenot  at  all  uncommon.'     The  effects  of  the  drug  vary  so  much 

■ig  to  the  condition  of  the  heart,  according  to  absorption  and  cumu- 

'■     'h  ■•  the  dosage  is  very  uncertain.     The  drug  must  be  given 

L«  ihal  tn   a  *er>c«  uf  ninety  cuaca  at  Brlin-ur  Hoi[iilaI.  as  per  cent,  ■howvd 
.   :  -■.»  _~  iiuA.  allbaush  iHe  ailminutnitiun  was  conducU'i)  with  ihc  itrvslcM  care. 
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until  the  desired  LherapeuLic  effccL  is  obiainedi  and  ihe  zone  between  the 
really  efTiciciU  therapeutic  action  and  the  tuxic  action  is  so  narrow,  that  the 
minor  toxic  manifestations  are  apt  to  occur  ai  any  time.  Indeed,  it  is 
often  necessary  to  "push"  the  drug  intentionally  to  this  point,  for  the  full 
therapeutic  effect  practically  coincides  with  the  minor  toxic  manUesta- 
lions  (Egglcston,  1915).  Tliese  do  little  permanent  harm,  if  the  dosage 
is  reduced  immediately  on  their  occurrence;  but  if  they  are  disregarded 
the  results  will  be  most  serious. 

Digestive  Disttirbances.-  -These  occur  early  and  are  easily  recognized. 
so  that  they  are  very  important.  Tliey  consist  in  nausea,  great  maUlse, 
and  often  headache  which  may  be  very  distressing.  If  the  drug  is  con- 
tinued, vomiting  will  occur.  Diarrhea  is  not  very  common  with  digitalis. 
more  frequent  with  slrophanthus,  squill  and  hcllcborein.  When  any  of 
these  digestive  symptoms  occur  the  dosage  should  be  reduced,  or  stopped. 
They  will  then  subside  in  one  or  two  days. 

Cardiac  Irregularities. — Digitalis  may  simulate  any  of  the  clinical 
irregularities;  so  that  it  is  sometimes  difficult  to  distinguish  between  them, 
particularly  in  advanced  poisoning.  To  establish  their  causation  by  digi- 
talis, it  must  be  shown  that  they  were  absent  before  the  drug  was  given, 
and  that  they  disappear  in  a  reasonable  lime  after  its  discontinuance. 
The  early  effects,  however,  are  fairly  characteristic.  The  most  common 
is  excessive  vagus  stimulation  (sinus  irregularity).  It  is  best  seen  when 
the  heart  is  slowing  after  a  little  exercise.  The  rate  may  fall  to  50  or  even 
lower;  so  that  syncope  may  occur  between  the  contractions.  The  rhythm 
may  remain  regular;  hut  ventricular  extrasystoles  are  common.  Tlus 
stage  would  not  occur  in  auricular  fibrillation,  nur  in  absolute  heart-block. 

The  next  stage  is  usually  that  of  partial  heart-block,  especially  if  the 
conductivity  was  naturally  low.  It  may  occur  with  relatively  small  doses 
(Windle,  i()ii),  and  may  be  permanent  (Taussig,  sgii);  Christian,  1915, 
records  transient  auric ulo ventricular  dissociation. 

The  final  stage  is  that  of  musctiJar  irritability,  first  Indicated  by  extra- 
systoles.  These  arc  particularly  common  in  auricular  fibrillation,  giving 
the  "coupled  beats."  With  more  advanced  toxic  action,  there  occur 
the  same  effects  as  in  animals:  high  blood  pressure  (vasoconstriction); 
very  rapid  rhythm,  with  periodic  changes  in  ampUtude,  pulsus  aliernaos 
(rarely). 

Dosage. — F.^li&ston,  I0i3|  6nd&  that  the  toxic  effects  depend  munly  on  the  loti^ 
dose,  modilicd  liy  Llie  weigfil  of  (In:  puticnl,  ihc  activiiy  ot  ibir  prcpuratiori,  nbsorptioD. 
individual  ^usceplibiUty  and  the  iia.Iure  of  the  heafl  le.<uun.  \Vith  the  urdinAry  ener- 
getic admim^itTUtiuD,  the  chaructcrisUc  coupled  beats  occur  when  the  total  quantity  of 
diRitiilis  h.i-s  reachw!  a. 25  tn  6.j>  fJm.  Since  llit  uclion  ptcrsists  partly  {rom  one  to 
three  weeks,  ihe^c  irrcffufaritica  mil  recur  with  a  smaller  dosaRc. 

Duration  of  Irregularities.— Thii.  depends  on  tlK  tutul  doi^ge,  and  therefore  oa  the 
severity  of  the  phenomena.  Egglrstuii,  IQ12,  found  that  coupled  beats  jtenerally 
outlasted  the  .idmininration  by  four  to  twelve  days;  h&art-blork,  three  to  six;  combined 
phenumcna,  six;  auricular  fibrillation,  three;  muscular  irritabifity,  two;  sinus  irresuUr- 
ity,  two  davit.  The  delayrti  conduction  generally  lasts  about  two  da>'s,  but  may  exicod 
over  two  weeks  (Cohn,   1915). 

ACUTE  DIGITALIS  POISONING 

The  s>inptoms  set  in  relatively  Ute  (one  to  twenty-four  hours);  and  they  ReneraUy 
have  a  lonR  tvurse,  so  that  a  week  or  two  may  elapse  before  death.  The  symptoms  are 
those  ot  cumulation — f^astro-inlestinal  rii^turbanccs,  <ilnw  and  arhythmic  pulse,  etc, 
Ia£Bitude,  muscular  and  sensory  dcTangcmcnis.  Death  generally  occur»  suddenly, 
with  dyBpneic  convulsions.    Consciousness  pciMsts  late. 
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The  treatnmit  mmld  con5ist  in  evacuation,  quielne«s,  po&sibly  diflusibli:  fltin)ula.Dt&, 
«jid  other  »yaipiuinatk  treatment.  A  cathartic  should  be  ^ven.  (Tlii:  diim  of  Krause. 
IQQ6,  that  diutAse  is  an  ctTeciivc  antidote  ti>  struphuntbus  Is  doubtful.) 

'rhe  fatMi  dose  varies  greatly,  on  account  of  the  variable  abmrption,  the  occurrcoce 
of  \-omitinK.  etc. :  t-s  Gtn.  of  digitalis  has  been  fatal,  whilst  4  Gra.  has  been  followed  by 
recovery  iLewin). 

The  syinptoins  in  mammals  are  very  similar.  The  svmptnrns  of  fatal  intravenous 
Ixt  jcction  of  sirophanthin  include  vomiting  and  diarrhea  (t>otn  ccntrai),  and  convulsions 
{llatcher,   1909). 

Contzundicatioiis. — Digitalis  should  be  avoided  in  partial  heart-block, 
and  in  advanced  myocardial  degeneration.  Its  admiaislration  requires 
even  more  ihan  ordinary  care  in  coronary  sclerosis,  in  aorlic  insufficiency 
a>ncl  in  the  presence  of  any  irregularities,  particularly  auricular.  Renal 
diseases  emphasize  the  tendency  to  cumulaiion. 

ADMINISTRATION 

The  administration  of  digitalis  drugs  must  aim  to  induce  the  thera- 
utic  stage  as  promptly  as  is  feasible,  and  to  maintain  it  as  long  as  may 
needed.  The  intravenous  or  intramuscular  injection  of  sirophan- 
thin  or  ouabain  would  be  the  ideal  method  to  induce  the  effect;  but 
it.  has  several  disadvantages  which  restrict  its  employment  largely  to 
exnogencies. 

llie    oral  administration  should  be  started  with  fairly  large  doses. 

These  may  lie  continued,  if  necessary  for  two  to  four  days,  until  a  definite 

•response  is  observed  in  cither  the  pulse,  tlic  urine,  or  the  nausea.    The 

dcHige  should  then  be  reduced  to  a  tlurd  or  a  fourlJi;  being  increased  or 

*liiiiinished  from  this  point  as  occasion  arises;  aiming  to  maintain  compcu- 

*a-iion  and  keeping  the  pulse  about  80,  witli  the  smallest  possible  dose. 

T^he  quantity  for  steady  use  can  best  be  adjusted  by  the  feelings  of  the 

r**iicDts,  instructing  them  to  recognize  the  effects  of  overdosage.     The 

*<JmiDistration  should  be  stopped  when  compensation  is  fairly  reestab- 

•"^hrd.    It  should  be  suspended  temporarily  if  nausea  sets  in;  or  if  the 

Pulse  falls  below  50;  or  if  any  of  the  characteristic  digitalis  irregularities 

**ise.    The  patients  sliould   therefore  be  observed  at  least  daily.     The 

^Usptnaon  must  extend  over  several  days,  at  least,  and  the  ret^umption 

of  the  drug  must  be  very  gradual.     Even  in  the  absence  of  toxic  symptoms, 

>l  h  well  to  intermit  the  administration  for  four  days  at  the  end  of  every 

^CQ  days,  meanwhile  giving  a  cathartic  to  remove  any  unabsorbed  drug 

fTom  the  intestine. 

The  digitalis  drugs  should  be  diluted  with  at  least  half  a  tumbler  of 
*»tfr,  to  lessen  local  irritation.  They  may  he  flavored  with  Compound 
Tincture  of  Gentian.  If  they  are  not  tolerated  by  the  stomach,  they  can 
Wjjiven  by  enema;  the  daily  dose  being  diluted  with  too  c.c.  of  normal 
*>lBie,  containing  a  lilllu  starch.  The  absorption  is  [icrhaps  rather  more 
'^id  than  by  oral  administration. 

When  it  is  advisable  to  give  nitrites  with  the  Digitalis,  it  would  be 
'*Ucr  to  administer  the  two  drugs  separately,  since  the  onset  and  dura- 
tion of  their  action  is  so  different. 

Dosage. — With  the  digitalis  drugs,  the  daily  dose  is  far  more  impof' 

^l  than  the  single  dose.    The  daily  dose,  for  tJic  start,  should  be  about 

j  GuL  (5  gr.)  of  Digitali.s  (Mackenzie  and  Cushny  give  as  much  as  60  to 

minims,  4  to  6  c.c,  of  the  Tincture).     For  continuous  use,  the  daily 

should  not  exceed  o.i  Gm.,  i^-i  gr.  {A.  Fraenkel,  1907).     The  daily 

a  usually  diN'ided  into  three  or  four  portions.     The  following  shows 
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the  doses  of  the  commonly  used  prepariitions  which  would  yield  appr 
malely  equivalent  effects. 

0.3  Gm.  Bigilalis  =  3  c.c.  (45  mioiras)  of  Tincture  =  30  c.c.  (53) 
Infusion. 

0.1  Gm.  Digitalis  =  i  c.c.  (15  minims)  of  Tincture  =  10  c.c.  (S'j  oi 
Infusion. 

Cu^hny,  igti,  considers  that  i  part  of  Digitalis  Is  clinically  equivalent  to  H  P^^^ 
of  Strophanthus,  or  3  to  4  parts  of  Squills.     For  baties  of  I  to  3  years  (pneumonia), 

Jacoby  advises  5  tirops  of  tnc  tincture  every  two  hours. 

Choice  of  liigitalis  PreparatioiLB.— <)f  the  various  preparations  of  Dicitalb,  a 
good  lioLturL*,  pliyhiutu^^iciLlly  inland  a  rdizic-d,  baa  many  adviiDlaKcs.  The  iafu:>ion  it 
Uncrrlain  and  iiii^ilablc.  Fluidrxlracts  are  unreliable  (Haskell  and  I-lcklrr,  1913)- 
The  powder  may  be  used,  but  has  no  advanlaRc.  and  is  apt  to  be  more  irritant.    The 

Eill  of  Digitalis,  Squill  und  Calomel  ("Guy's  Ilosuital  Pill  ')  seems  ncvdlcsdy  complex. 
I'iKLpuratum  seems  to  be  a  R(X)d  preparalian  (lloos,  Ncwburgh  and  Marks,  igit); 
but  as  lias  been  stated,  a  good  Tincture  is  as  satUf.tctory  as  any. 

It  may  often  seem  that  one  preparation,  or  one  dlKitainid  drug,  given  results  where 
another  has  failed.  This  is  scarcely  a  conclusive  demonstration  of  its  superiority,  evea 
in  that  particular  patient,  since  the  cardiac  condition,  and  therefore  the  response  to 
digitalis,  h  apt  lo  vary  from  day  to  day.  Differences  in  clinical  results  are  often  doe 
to  dinferiTiices  In  the  di^ease^  rather  tliar  in  the  di\xg.  The  same  i&  true  of  the  Kasiric 
c  Gee  is- 

Intensive  Oral  Digitalifi  Medication.— r^^^lcTston,  1913,  points  out  that,  if  thedn:<Age 
ot'diKilalis  is  sufiiciently  hifjh.  the  full  ihcraptutic  cflccLs  may  be  produced  within  twelve 
to  twenty-four  hours,  even  with  oral  administration.  This  offers  manifest  advantages, 
but  is  only  safe  where  the  patient  can  be  under  constant  observation  by  modern  mcthoids, 
and  by  using  drugs  uf  known  activity. 

The  druKs  are  best  standardized  by  "cat-uniLs,"  i^.^  the  milligrams  of  dnig  fatal 
to  a  kilogram  of  cat,  intravenously.  Eeglcston  reports  thai  the  relation  of  cflect  to 
dose  (cat-units)  is  remarkably  uniform,  lot  a  ^ven  dru^,  regardless  of  the  presence  or 
nature  of  cardiac  disease.  Whatever  the  condition,  the  total  dose  of  digitalL'^  by  mouth, 
to  the  appearance  of  the  first  improvement  averages  o.og  cat-units  per  pound  of  body- 
weijjht  (about  o-o  tira.  of  Rood  digitalis  per  100  pounds);  for  full  therapeutic  or  minor 
toxic  clfects,  0.14O  cat-units  per  pound  (about  1.5  Gm.  per  too  pounds).  VSithdi^^^tozm, 
the  corresponding  doses  arc:  first  improvement,  0.04  cat-units  per  pound  (1.4  mg.  per 
100  pounds);  full  therapeutic  effect,  0.066  cat-units  per  pound  (3.3  mg.  per  100  pounos). 
The  other  diRitaloitls  ^ive  variable  results,  by  mouth,  because  of  uncertiun  absorption. 
They  are  therefore  unsuited  lor  the  intensive  method. 

Under  the  above  conditions,  F.ggleslon  finds  it  safe  to  give  as  much  as  one-half  of 
the  total  calculated  doae  at  once  (1.^.,  about  7.5  c.c.  of  the  Tincture);  folloired  in  about 
six  hours,  by  ouc-fourlh  of  the  total  do>e,  then  smaller  fractions  every  four  to  six  boun. 
The  unskillful  use  of  the  method,  however,  presents  the  greatest  dangers. 

Intravenous  and  IntramuscuUr  Injectiwi  of  Strophantfain. — Intraven- 
ous J>igitalis  therapy  was  tried  clinicaUy  hj'  Kottmari  and  by  Mcnde!  in 
1905;  but  the  preparations  which  they  employed  were  not  satisfactory*. 
The  method  has  been  put  on  a  sound  ba-iis  by  the  introduction  of  stro- 
phanthin  (A.  Fraenkel  and  Schwartz,  1907;  Krehl,  1907).  This  is  soluble 
in  water  and  has  (he  advantage  of  a  more  uniform  composition — a  very 
important  matter  when  so  jxitent  a  procedure  is  employed.  It  also  acts 
more  promptly  than  digitals,  and  has  less  tendency  to  cumulation  and 
vasoconstriction. 

The  therapeutic  events  correspond  with  those  of  digitalis  adminis- 
tration, hut  occur  much  more  rapidly:  Tlie  tirst  change  is  the  increased 
amplitude  of  the  pulse  wave,  which  can  be  observed  in  three  or  four  min- 
utes. The  pulse  then  becomes  fuller  and  less  irregular,  and  the  symptoms 
of  cardiac  failure  (dyspnea,  cardiac  distress,  etc)  are  improved.  The 
slowing  of  the  rhythm  seisin  somewhat  later:  itsma.'cimum  is  only  reached 
after  several  hours,  when  the  rale  may  become  slower  than  that  of  the 
normal  heart.     The  blood  pressure  is  not  altered — or  rather  It  tends  lo 
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remain  or  return  to  (he  norma!.     The  diuresis  also  begins  in  a  few  hours. 

^^h^  increased  amplilude  outlasts  the  slowing. 

^m  The  intravenous  administration  is  especially  indicated  in  the  acute 
mtisscular  failure  of  advanced  heart  disease — it  is  immaterial  whether  the 
failure  is  of  the  right  or  left  heart.  It  sometimes  gives  good  results  in 
collapse,  e.g.,  of  typhoid  fever  (HoepfTner;  Liebermeister).  It  is  also  of 
ad'vantage  in  starting  digitalis  therapy  in  somewhat  less  urgent  cases, 
[oU.owing  it  in  twenty-four  hours  by  oral  administration  of  digitalis.    The 

Pinr  ravenous  method  is  not  very  suitable  for  continuous  digitalis  therapy^ 
tJy  on  account  of  the  inconvenience  and  discomfort,  and  partly  be- 
st the  smoother  action  secured  by  gradual  absorption  should  be  more 
leficial  to  the  heart  than  the  daily  repetition  of  the  stormy  effect  of  the 
ravenous  injection. 
Use  after  Digitalis. — The  previous  use  of  digitalis  renders  the  intra- 
venous injection  very  dangerous,  since  the  effects  of  the  two  drugs  will  be 
immediately  added.  .At  least  two  or  three  days  free  from  Digitalis  should 
intervene,  and  the  dose  of  Strophanthin  should  be  divided  in  half  and  in- 
jected in  three  or  four  fractions  several  hours  apart.  In  advanced  cases, 
this  fractionation  should  be  practiced  even  if  the  patient  is  not  under 
digitalis. 

Iniravefious  dose:  With  the  amorphous  strophanthin  (Boehringer)  this 
^^is  T  mg.  or  less  per  day.  Hatcher  and  Bailey,  rpto,  have  used  ouabain 
^Pln  the  same  way.  It  is  about  two  and  onc-liaif  times  as  active,  and  its 
dose  would  therefore  be  }-2,  mg.  or  less,  as  1:6,000  to  1:8,000  solution  in 
normal  saline.  Bailey,  igog,  prefers  the  intramuscular  injection  of  the 
same  dose  (as  1:4000).  This  Is  almost  as  prompt  and  effective,  but  is 
slightly  painful.  Intravenous  injection  sometimes  produces  cyanosis, 
chills  antf  slight  fever  (Seifert,  1909).  Digipurafum  may  be  used,  c.t  Gm., 
jj^  gr.,  per  dose.  The  intravenous  dose  of  other  cHgitaloids  (according 
to  their  toxicity  for  cats,  Hatcher  and  Bailey,  1910)  would  be;  digitoxin, 
1-5  mg.;  tincture  digitalis,  4  c.c. 
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RECAPITULATION  OF  OTHER  DIGITALOID  DRUGS 

These  present  quantitative  differences,  which  might  be  of  some  thera- 
peutic value  if  they  were  better  understood.  At  present  they  possess  no 
serious  advantage  over  digitalis  for  oral,  and  the  strophanthins  for  venous 
**i»Unistration.  These  accomplish  all  that  can  be  done  by  any  digi- 
'lioid  drug.  Many  of  the  substitutes  are  inferior  In  solubility  and 
*'>sorbal)llily. 

Isolated  Digitalis  Principles.— --These  have  proven  disappointing,  since 
"*&  oaly  one  which  can  be  obtained  pure,  digitoxln,  is  undesirable. 

Dtg^xiii. — This  has  the  undesirable  features  of  prorlucing  excessive  irritation,  vaso- 
^J^trictiontandcuraulativcaction,  .^nd  of  bcinK  nearly  insoluble  in  water.  Il  may  be 
™*olved  in  25  i»cr  cent,  of  alcohot.  It  has  been  used  clinically,  especially  by  Masius, 
™94,  Corin,  1895,  and  Kajteston,  IQ15  (cf.  Intensive  Oral  Digitalis  Mtrditaticm).  It  is 
**t*r  absorbed  than  Digitalis.  The  usual  daily  date  by  mouth  h  i  103  mg.,  larRcly 
••'ited;  hypodermically,  0.5  mg.  (i  c.c.  of  0.05  per  cent,  in  25  per  cent,  alcohol; 
''■jwncht,  1895;  it  produces  irriuUon). 

OiCttalin  "True." — This  is  also  insoluble  and  emetic,  but  non-irritant  and  not  greatly 
^WB«iati%'c.  Clintcally,  it  has  proved  too  feeble,  a  v.^riable  quanlily  being  prnhnbly 
*^<K&p(6cd  in  the  stomach  (Dcucher,  1806).  It  baa  been  used  in  doses  of  1  Co  3  mg. 
^  ^  to  16  nog.  per  day;  even  50  mg.  have  been  given  without  toxic  effects  (PfaS,  id^a). 
"  a  adininistered  to  pills  or  dissolved  in  dilute  alcohol. 
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Commercial  Digitalins.— These  have  no  advantage  over  the  galenic 
preparations.  The  uncertain  composition  of  these  mixtures,  and  the 
danger  of  confusing  the  similarly  named  but  ver\'  different  preparations, 
should  preclude  their  use.  At  least,  ''digitalin"  should  never  be  pre- 
scribed without  specifv*ing  the  variety  (verum,  German,  French,  etc.)- 

Digttalm  GemuuL — This  contains  con&iderablc  (Ligitonia.  Soluble  in  water  or  alcobo). 
Daiiy  tUi^r,  6  ti)  30  mg,,  )if|  to  J^  gr.  (Btratcs,  1907). 

Di^talin  French  (HomoUe's). — Thi&  consists  largely  of  true  digiulin.     DaUy  ^ir, 

to  6  mR.,  Ho  Kr- 

Commercial  Specialties. — These  are  also  indefinite  mixtures  of  the 
impure  principles.     The  most  important  are: 

Digipuratiim,  N'.N.R.  (Gottlieb). — This  is  a  purified  solid  extract,  freed  from  di^ito- 
nin,  uTid  standardized  to  ihc  s^me  activity  as  digitalis  leaves.  It  contains  all  the  cardiac 
glucasifU,  is  unifunn,  rt-lialili;  and  stable  (Kult",  n}\o!  mid  is  relatively  non-irritant;  but 
all  these  features  are  possessed  by  a  good  tincture  (Uixon,  1913;  Cow,  191 3).  It  ii 
insoluble  in  cold  wutrr,  but  dissolves  on  the  addition  of  a  Little  alkalL  It$  dosage  is 
that  oi  digitalis  leaves. 

Digalen  ("Dipitoxin  soluble,"  Cloctta,  ioo4).^Thi5  has  been  widely  adverti»ed  •« 
an  ainorphoiis  and  sniubte  i5omer  of  di«;itoxin.  Kiliani,  1907,  utiles  that  it  coosuU 
mainly  of  digitalcin  ^chm.;  his  opinion  should  carr^'  weight.  It  was  said  to  be  fm 
from  the  disitdvantuges  of  dUcitoxin;  but  it  is  of  variuble  iu:li%1ty,  unstable  (Hale,  1910), 
produce!!  considerable  irritation,  i*  not  suitable  for  hypodermic  injection,  and  causci 
cumulative  effects  (FrarnkH,  1907;  Wwtenrijk.,  1908),  It  ihi-rcfort  imsscssc*  no  real 
advantage  over  a  good  tincture  (Dixon.,  Cow,  1913),  except  (or  venous  injections, 
and  thc5c  cause  pain  and  sometimes  thrombosis.  It  is  marketed  as  a  solution  (t  c.c* 
0.3  mg.  of  thegluco&ids).  The  intravenous  dose  is  i  ex.,  repeated  in  ODe-half  toooehour 
if  necessary. 

Strophanthins.^These  have  the  advantages  of  hdng  less  irritant  and 
less  cumulative  than  digitalis;  but  the  absorption  is  so  uncertain  that  their 
use  by  mouth  is  not  advisable  (Hatcher  and  Bailey,  iQog).  This  is  re- 
flected in  the  very  different  doses  of  strophanthus  used  by  various  clin- 
icians. It  is  also  liable  to  produce  diarrhea.  The  main  field  of  the  ^tnv 
phanthins  is  for  intravenous  injection.  Ouabain  has  the  advantage  that 
Its  identity  is  assured. 

Apocyntim  (Canadian  Hemp)  is  an  effective  member  of  the  group, 
but  without  serious  advantages. 

Active  Constituents. ^i'hne  were  isolated  independently  by  Kinnemore,  1909,  and 
Moore,  19DQ.  The  principal  constituent  of  Apoc.  cannabinum  is  a  neutral  cr>'stAtline 
bitter  principle,  Cynolo.xin;  that  of  Apoc.  androsaemifotium  is  Apocyaamarin.  Tbcj 
arc  identical  pharmacologically  and  pcrhajis  chemically.  They  are  destroyed  by  boiling 
with  adds  or  alkalies,  although  they  are  not  glucoaidal.  They  are  believed  to  be  dilac- 
tones  of  Kiliani's  digitogenic  acid,  Impens,  1913,  aflirms  that  the  active  principle 
(which  he  calls  ^*  Cymarin")  ia  the  same  for  both  species,  and  that  apocv-namarin  is 
probably  a  decomposition  product.  The  cheniis(r>"  and  cleavage  products  of  cyraarin 
arc  described  by  Windaus  and  Hermann,  1915.  Apocymo  and  a^yndn  of  Schmiede- 
bcig  were  impure  mixtures.  Commercial  apocynin  is  acetovaoilUn  (Finnemore,  19061, 
and  is  practically  inactive  {Wood,  1904). 

Hff/ww.T.— These  ^ee  with  digitalis  (Dale  and  I^atdlaw,  1909,  who  studied  the  pure 
principles).  The  caraiac  action,  therapeutic  and  toxic,  of  cymarin  (frog,  Kuroda.  1914; 
eli>;trocardiogr.%ph.  V.  Hccht,  1915)  is  s^imewhat  weaker  than  that  of  strophanihin. 
It  produces  practically  no  irritation,  but  relatively  strong  vasoconstrictor  effect.  Kuroda 
claims  that  the  cumulation  and  emetic  effects  are  weak;  but  Taviani.  1015,  firnls  the 
serious  disadvantages  of  uncertain  al^iorpUon.  and  variable  strength  of  the  commerda] 
cymarins.     I..argc  doses  arc  also  nephritic.     The  drug  could  prvibably  be  spared. 

Cymarin  has  been  used  clinically  like  strophanthin,  by  vein  or  muscle,  o.t  to  0.5 
mg.:  h>-podcrmic  injection  is  too  irritant,  it  is  difficultly  solul>lc  in  water,  easQy  Id 
alconol.  It  has  also  Iwen  given  by  mouth,  0.3  mg..  three  to  hve  times  daily  (von 
Noordcn,  1916;  bibliography),  (laisbocki  1915.  on  the  Ikuis  of  his  clinical  and  ex - 
perimenLal  studies,  emphasizes  the  need  of  caution  in  its  use. 
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ScQlft  (Squills). — Haynes^  1906,  claims  this  to  be  a  more  efficient 
crardiac  stimulant  than  digitalis  or  strophantlius.     Dixou,  1906,  points 
out  that  any  superiority  is  outweighed  by  its  disadvajitagcs:  uncertain 
.^Issorplion:  strong  gaslro-intcstinal  irritation;  and  greater  vasuconstric- 
t-j<in,  especially  coronary.     It  was  formerly  used  as  expectorant  and  diu- 
ri^tic    The  activity  was  attributed  to  two  amorphous  glucosids,  scillipic- 
rJJi  and  scillitoxin;  but  Ewins,  1911,  found  these  to  be  impure  mixtures. 
CCopaczewski,  1914,  claims  to  have  isolated  two  active  principles:  Scillitin, 
th«  [oxic  constituent,  a  nitrogen-free  glucosid;  and  Scillidiuretio,  water- 
soluble,  markedly  diuretic;  but  of  low  toxicity. 

Adonis  resembles  scUla  more  doscly  than  digiutis  (Chevalier,  1913).  Roch  and 
Crmiatt,  1914,  find  even  Urjic  doses  incfTident  in  curdiac  disease?.  Tuckelmann,  1913, 
c^aaitTH  Uut  "idomdin"  is  a  mixture  of  an  add  and  neutral  glucosid,  both  pusscsaing 
cU^ilaloid  effects,  the  acid  being  also  hcmulytic. 

ConvBQaria  i.Root  oi  I.ily  of  the  V'mlley);  active  con<itituent,  the  glucDsd  convalla- 
wwrin.  is  conMdcrcd  rather  uncertain  (Koch  and  Cramer.  1914). 

Salleboretn  is  a  glucosid  from  the  rhizome  of  Helleoonis  ntger  (netUbore).  Its 
digitalis  action  depends  on  the  presence  of  an  acetyl  group  (Sieburs,  1913).  it  is  not 
lafasortwd  from  tlie  human  intesUnal  tract  and  thercfurc  produces  only  diarrhea  clinically 
tCushny,  etc.,  191 1). 

ErTtiirophloein  is  an  alkaloid  with  digitalis  action,  obtained  from  "Sassy  Bark" 
'  tJ'hemi^lrv.  Power  and  Siilwiiy,   igu). 

B«iiam  Silts— (See  Index). — These  have  t>ren  used  in  veterinary  medicine,  but  are 
loo  dangerous  for  man  (Report,  CoutK.  Pharm.  Chem.,  1913). 

BIO-ASSAT  OF  DIGITALOID  DRUGS 

The  potent  effects  of  these  drugs  makes  variations  in  their  activity 
v^cry  serious.  Considerable  variations  occur  in  the  crude  drugs,  and  still 
ttiorc  in  their  preparations.  It  is  therefore  essential  that  they  be  stand- 
*xdiied.  Since  their  activity  is  not  due  to  a  single  principle,  chcmic 
*«av  is  out  of  the  question;  and  recourse  must  be  had  to  bio-assays.  It 
**a»been  objected  to  these  assays  that  they  sia.ndardize  the  toxic  and  not 
*^  therapeutic  effect.  The  objection  is  not  well  founded,  since  both 
*cticms  arc  produced  by  the  same  substances  and  must  therefore  bear  a 
<lefimtc  ratio  to  each  other.  Clinical  experience  has  borne  out  (he  great 
P«"actical  value  of  the  bio-assay  (Rowniree  and  Macht,  1916). 

The  U.S. P.  has  adopted  the  frog-methods  as  official,  but  optional. 
Several  methods  are  in  actual  use  (Gottlieb,  1914;  Santesson,  1915). 

Pital-dose  Methods. — These  determine  the  fatal  dose,  t.r.,  the  smallest  do^  which 
*■>'!>  ^  n*cn  weight  of  animjil  in  a  K'^en  lime.  The  most  convenient  l^  iJic  inflve-  or 
'^enij-iijur-bour  frog  method  (suggeftted  by  Cushny,  and  elaborated  by  Houghton, 
i^Vi,  being  the  lirtl  c^Hnmercial  bio-assay  process).  Guinea  pis»  tnay  aUo  be  used  for 
^^icTBUning  the  fatal  dose,  but  have  no  senous  advantage.  The  chief  objection  to  the 
"^Jthd  doae  methods  is  that  the  results  are  not  characteristic  (or  digitalis,  but  might  be 
**tOMiy  toxic  constituent. 

Tht  atfroft  m.f.d.  (minimum  fatal  dose)  of  some  of  the  drugs  Is  as  follows  (cicpressod 
*aniIBg[2]Qj  o(  drug  per  gram  uf  frog-weight;  the  data  are  taken  frum  Houghton  and 
«km): 

Crkiir  Drmt*  PrinapU*  Cvmmuii»l  t*nP^4liomi 

PWJb  ...    its  SirophKfithin  cTv*t.  KombA   .    .    .  o  ooi       UtKttalia  Oemtui . . . .       0.(15 

J*-" I.I         StroDbanthtoftiDorph.  Men-k..,..  0.00094 

Jntaillw*..  e  oe:s   Otwbwa 0.00048 

Uouditon,  1909  and  igt  2;  and  Hamilton,  suggeet  expressing  the  strength  as  Heart 
,  TesK  \ja'n\  (H-T.U-),  based  on  the  to\idly  of  i:iyMalline  Komw  »trophanthin. 

for  guinea  pigs,  the  M.F.U.  of  digitalis  is  o.oO  lo  0.1  Gm.  per  340  Gm.  pig  (Reed). 
C^HtBiteraDd  Vanderkleed,  1913,  propose  the  use  of  gold-fish. 
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The  Frog-standstill  Method*.— These  determine  the  smallest  dose  which  produces 

the  Ij-pical  bystulit  arct-sl  o(  the  heart.  They  arc  thus  theoretically  superior  to  ihc 
fatftl-dose  melliod;  practically,  itie  results  are  fairly  parallel.  Various,  moaifiriitioiu  are 
in  use.  The  simplest  of  all  the  assay  methods  b  the  oac-hour  frag  method  of  I'amulcncr 
and  Lyon. 

The  M.S.D.  (minimum  systolic  dose)  u  lU  follows  (milligroni  per  grajii;  Hale  tnd 
others): 

Digitalis 0.5-t      Digitoxin 0.0085    Digipuratum 0.6 

Strophanlhus,  .  0.0075     Stronhanthin  amorph.,.  0.0011     Digitalin  German  .  0.07 

Ouaoaia. 0.0003-0.001      i)igitalin  French  . .  o.oij 

Oigitalein .  0.014 

Modifications. — Gottlieb,  iqoS,  1914,  aUow.i  only  thirty  to  furty-nve  minutes  for 
the  systolic  standstill.  This  was  used  by  Lebncrt  and  Loeb,  1914.  Focke,  1^06,  ua 
ft  fined  ditsff  and  judRes  the  strength  by  (he  lime  required  to  produce  sysU^c  arrest. 
The  method  is  described  by  t'uchncr,  1911.  and  Heinz,  iQij-  The  short  time  does 
iu>t  suflice  tn  secure  complete  absorption  (Schmiedeberg).  Objectioos  have  also  beea 
raised  by  Lutzkaja,  icioS,  and  Hartuog,  1913. 

Excised  or  perfused  taeftrts  have  been  used  mainly  in  scientilic  Investigations 
(Schmicdcbcrg,  igiio;  JIartung,  itfii;  Gros,  1913;  Straub,  Saniesson,  1915). 

Fallacies.— All  frog  mcthi>d5,  and  to  a  somL-whut  smaller  exlent  the  Rutnes-pig 
mcthnd,  arc  open  to  certain  errors,  depending  on  the  inconstant  absorption  and  Incoo- 
stanisusccptibilityof  different  animals  (VandcrklccdanUPittengcr,  1913).  These  must 
be  met  by  using  asuf^cient  number  of  tcst-animnl'i.  In  addition,  there  are  con.uderable 
seasonal  and  other  variations.  Kach  lot  of  frogs  must  therefore  be  standardized 
by  determining  ibeir  susceplihtlity  to  a  standard  preparation.  Thi.i  opens  another 
fallacy,  namely,  that  a  given  change  of  conditions  may  modify  the  susccptibihty  in  a 
different  degree  fur  eacE  drug,  as  has  been  shown  for  the  influence  of  temperature 
(Baiter,  191 3  and  191^).  Alcohol  (35  per  cent.)  is  not  disturbing  for  frogs  (UaakeU, 
r9i3)(  but  is  protective  lor  guinea  piEs.  With  guinea  pigs,  age,  sex  and  weight  art 
unimportant;  but  there  arc  considerable  itidindual  and  marked  seasonable  variations, 
and  the  food  also  has  an  influence  (Vandcrklccd  and  Pillengcr,  IQ13;  Haskell,  igtj). 
Vandcrklccd  and  Plttenger,  1914,  believe  that  the  variations  of  guinea  pigs  arc  not  great 
enough  to  necessitate  control  animals. 

F-ven  with  these  liniitalions,  practical  expericnrc  shows  that  the  intact-frog  methods, 
vhen  properly  and  critically  performed,  perinit  the  estimation  of  the  relative  actiNity 
of  similar  preparations  (such  as  a  series  of  tinctures]  with  a  probable  error  not  exceeding 
35  per  cent. — a  sufiidenlty  close  approximation  for  practical  purposes.  On  the  other 
band,  they  are  unreliable  for  compariag  the  relative  activity  of  dissimilar  drugs,  /.i., 
strophantnin  and  dif^itnxin.  The  greater  toxicity  of  strophanthin  could  be  due,  at 
least  in  pKit,  to  more  rapid  absorption — a  factor  which  might  be  very  different  in  the 
human  subject.  This  could  be  excluded  by  using  the  excised  heart;  even  then,  however, 
it  wuuld  be  doubtful  whether  the  same  quantitative  relations  hold  for  the  human  heart 
as  for  the  fnjg's. 

The  intravenous  cat  method  of  Hatcher  avoids  most  of  these  objections  (Eggleston, 
1913).  Differences  in  absoqition  arc  excluded  by  the  method  of  admiaistralion;  the 
action  is  purely  cardiac,  and  thus  measures  the  characteristic  digitalis-effect,  which  is 
not  easily  simulated  by  other  toxic  principles;  and  the  cat  heart  must  resemble  the  human 
in  its  reactions  much  more  closely  than  that  of  the  cold-blooded  animals.  Indeed, 
experience  indicates  th.^t  its  resemblance  is  closer  than  that  of  other  mammals.  Kven 
unrelated  digitaloid  principles  may  therefore  be  compared.  Another  advantage  is,  that 
the  response  of  individual  cats  is  remarkably  uniform,  so  that  the  probable  error  is  much 
smaller,  and  the  standardization  of  the  individual  cats  is  usually  not  necessary*. 

The  method  ta  sulTicicnlly  simple:  it  merely  determines  the  fatal  Kg.-doM;  the  solu- 
tion bcinf(  injected  into  the  femural  vein  at  such  speed  that  death  occurs  in  about  one 
and  one-tialf  hours.  This  quantity,  expressed  as  milligram  of  drug  per  kilogram  of  cat, 
constitutes  a  "cat-unit"  (Hatcher  and  Brody,  1910).  The  intravenous  therapeutic 
dose  for  man  h  about  5  rat-units;  the  daily  dose  by  mouth  averages  about  50  cat-units. 

With  the  slower  acting  digitalis  preparations,  the  death-point  can  be  hastened  by 
u^ingthc  rapidly  acting  ouabain  to  complete  the  reaction:  about  75  percent,  of  the  fatal 
dose  of  the  digitatoid  are  injected  in  fifteen  minutes,  and  after  an  interval  of  ten  mtnutci 
the  reaction  is  cooipleted  with  1  :io.ooo  of  ouabain  (Halchcr  an.l  Brody,  1910).  This 
cxpirdicnt  had  al»o  been  very  useful  in  ascertaining  the  absorption  and  persistence  of 
digitaloids. 

The  cat-method  is  probably  the  best  for  the  investigation  of  fundamental  clinical 
problems;  but  it  is  not  necesMiry  for  the  commercial  standardization.     The  results  of 
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Eckler,  iQii,  enjoin  cauiior  apainftt  it*  use  without  special  experience.     The  following 
ibleeives  the  cat  units  (milUi;rani  per  Icilogram)  for  a  number  of  drugs  (Hatcher,  1912): 

Cmd*  t>rMgt  PfimeipUi  Commurtiat  Prtparatians 

.■ill S7J  Adonidin 4.3s  Diffitalia  Cctibmi.  , 3.6 

Soonvmui 475   DiititAlrin... ....  ...,<i 3.5 

^tUabonw  . .       loo  Con viiUk maris I,  J  ' 

ViviUtlii  ...  ion    Hi'llirlwrain 1.7 

•^P^Kynuin  T"   DwitBlin  vnm...,,, X.J 

f^ralbm so  Scillj toxin 0.4 

gttophanthn*  KomU 3.0  Dt«itosia..    . .  o.,3-o.5 

nnpdos. t-5  SiroahAnlhin  &iiiorph...  d.  13-0.17 

^_^  Oua6«in O.I 

^H       Attenpts  to  utilize  the  blood  pressure  and  pulse  reactions  have  been  uosuccesaful, 
since  these  are  too  variable. 

I  PREPARATIONS — DICITALtS    CROtJP 

H         *DigUaiis  (D«^t.),  U.S.P.;  Di^Udis  Folia  (Digit.  Fol.),  B.P.;  Dijptalis  (Fox  Glove 
1^"    Leaves). — The  dried  leaves  of  Digitalis  purpurea.     The  B.P.  specifics  that  they  must 
be  collected  when  the  plant  is  bcginnin;;  to  flower.     Jyaae,  o.o(i  Om.,  i  gr.,  tJ.S.P.; 
0-03  \Q0.x2  Gm.,  H  to  2  gr.,  B.P.;  as  pills.     Maximum  dost , 0.2  Gm.,  3gr.* 

The  activity  of  different  samples  o£  di)iit;vlis  varit-s  considerably,  so  tnat  they  should 
^  standardized  by  bio-a&say.  This  applies  also  to  Uic  Tincture.  If  preserved  rcason- 
lily  drj',  the  leiives  keep  indefinitely.  The  leaves  of  ihc  first -year  plants  are  as  good 
a»  the  second  (Sba.rTi  und  Lankaster;  Cac<uir  and  Loretz,  iqio).  Plants  cultivated 
in  America  [Newcumu,  igi?)  arc  as  good  as  the  wild  European  (Ilalc,  1910;  Miller  aod 
B^ker,  igi.s:  Kowntrcc  and  Macbt,  1916).  Those  j^rown  during  a  net  season  are  less 
Ktivc  (Caesar  and  Loretx,  1Q07). 

*  lafusum  DigilaJis  (Inf.  DiKit.),  U.S.P.;  Intuition  of  Diijitalis. — T.5  per  cent.; 
'tvored  with  donamon  (U.S.P.  VIII  also  contained  alcohol).  Must  be  freshly  prepared 
from  the  leaves.     Dasf,  4  c.c,  1  dram,  U.S.P. 

*  Imf.  Difitoih,  B.P. — 0.7  per  cent.;  note  that  this  is  only  baif  the  strength  of  the 
t-'S.?.     Iktsf.,  7  to  15  c.c,  2  to  4  dranw,  B.P. 

Ptdtxi.  Di%ii.f  U.5.P.— Made  with  50  per  cent,  alcohol.     Dau^  0.05  cc,  I  misim, 
^H  t^.S.P.     A  rather  variable  prcnaration. 

^H  •  TtHCltira  DisiliUix  {Tr.  DiRit.),  U.S.P.,  B.P. — 10  per  cent,  of  drug  In  70  percent. 
^Hdcohol.  MtsdbJe  with  alcohol  or  water  (with  sli|;!ht  turbidity  due  to  the  iut;  certain 
^HVR>prietar>-  tinctures  deprived  of  fat  do  not  hecomi!  turbid,  but  have  no  other  ad  vantage). 
^^inctuHfiJlihie  with  adds  or  tannin.  Dmt,  0.5  c.c,  s  rainims,  U.S.P.;  0.3  to  i  cc.,  5  to 
1.^  minims,  B.P.  Maximum  fli^sc,  2  c.c.j  30  minims.  Unslfindardized  tinctures  genei- 
^y  var^*  in  activity  by  200  to  400  per  cent.  (Fraenkel;  Edmunds,  etc.}. 

IXgOalis  PrinttpUs  and  Propriettiry  PreparaihKs. — These  were  discussed  on  pages 
}$3:  40a. 

SmpkafUkta,  VS.V.;Sirophanth.  Sem..  B.P.— The  dried  ripe  seeds  of  Stropharthus 
Komb£  (also  of  Strophanthus  hispidus,  U.S.?.);  obtained  from  central  and  western 
Alrica.     Do^f,  0.06  Gm.,  i  gr,,  U.S.P. 

£ji.  Strophanih.,  B.P. — .\  powdered  extract,  representing  50  per  cent,  of  drug. 

>^»e,  16  to  60  tag..  H  to  I  gr,,  B.P. 
*  TinclUTti  Strophdnlhi.  U.S.P..  B.P. — 10  per  cent.  (This  is  the  same  strength  as  the 
'-■S.p.  VIll,  but  tour  time*  as  strong  as  the  old  B.I'.)  Dose,  0.5  c.c,  8  minims,  U.S.P.; 
■■*»  10  O-S  cc,  2  to  8  minims,  B.P.  Maximum  dtisc,  0.5  c.c, 8  minims.  However,  the 
''''Orptioa  Is  50  uncertain  that  no  reliable  dose  can  be  stated.  Un.standardi7.ed  tine* 
^"^B  arc  about  as  variable  as  digit-ilis, 

^  Sirophantkinum  (Strophanthin.).  U.S.P.;  (.'Vmorphous)  Strop hanthin.^A  glucosid 
*  ntixture  of  glucosida  from  Slruphanthus  While  or  yellowish  powder.  Very  soL 
"Caterer  diluted  ale  ;  nearly  iiisml.  in  lipoiil  solvents.  Dose,  t  mg..  tjo  Kf.,  by  mouth; 
"•ravenous  (or  muscular),  0.75  mg..  "-^o  gr.,  U.S.P.     Maximum  dose,  1  mg..  >6o  (!'• 

OwAoi'ii. — g-Stropbanthin-Cry^taHmc;  sol.  in  water  (to  i  per  cent.),  more  sol.  in 
^:  soL  in  ale;  difficultly  in  lipoid  solvcnu.  Dose,  one-half  that  of  the  othcial 
^njphanlhin. 

^<iiia,  U.S.P..  B.P.;  Squill. — The  dried  fleshy  scales  of  the  bulb  of  Urginea  maritima 
Jnsinea  Scilla.  B.P.).  Zfejr,  0.1  Gm..  i  U  gr.,  U.S.P.;  0.06  to  0.2  Gm.,  i  to  3  gr  B.P. 
*'*i^mum  dose.  0.5  Gm.,  8  gr. 

JcrtHjw  Scilltt  (.\cet.  Sdll.).  U.S.P.;  Vinegar  of  Squill. — 10  per  cent.,  in  Acid.  Acet. 
™-    Dctt,  I  cc.  rs  minims.  U.S.P. 

'  Cid<r  pfpiwr  precautintM.  the  *tnft«immn  doaw"  of  the  ilrug*  af  ihii^raup  can  b«  temporarily 
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AaU  Sail.,  B.P.— 30  per  cent  (twice  the  strength  of  the  old  BJ 
5  to  15  minims,  B.P. 

Pldeit.  Scill.,  U.S.P. — Dosf.  o.i  c.c,  i^  minims,  U.S.P.  T 
acetic  aci<l,  but  Houglitun,  i<)o6,  shuwcil  that  the  acid  die 
by  half.     For  the  same  reason,  the  Vinegars  of  Squill  are  unsckiP^ 

Oxymci  Sciil.,  B.P. — 33  per  cent,  of  .\cct.  Scill.    Dcst,2\a^ti 

Pi!.  Ipernr.  c.  Salt.,  B.P. — Canlains  about  5  per  cent,  of  Opiur 
iiquitl  and  .Vmotonlac.    Dose,  0.25  to  as  Gm.,  4  to  8  gr.,  li.P. 

Pit.  ScUl.  Co.,  B.P. — '25  per  cent,  of  Squil],  with  Ginger,  .\mnio 
0.35  to  0.5  Gro.,  4  to  8  gr.,  B.P. 

*SyT.  Scilt..  U.S.P.,  B.P.— Prepared  from  Acet.  Scill.,  reprcsct 
of  Squill.     Dsse,  2  c.c,  30  minims,  U.S.P.;  3  to  4  c.c,  ^  to  i  dra 

Syr.  Sciii.  Co.,  U.S.P.  (Coxe's  Hive  Syrup). — An  antiquat» 
average  dose,  a  c.c,  30  minims,  U.S.P.^  representing  0.16  Gt 
Squill  and  Senega,  and  4  mg.  (j^u  gr.}  of  Tartar  Emetic. 

•  Tr.  Hcill.,  U.S.P. — 10  f>er  cent,  in  75  per  cent  ale.  Dose,  z  r 
Maximum  dose,  a  c.c.  30  minims. 

'Tr.  Scill.,  B.P. — 30  per  cent.    Dose,  0.3  to  i  cc,  s  to  15  tnir 

Urgineu  (_Urgin,),  B.P.;  (Indian  Squill),— The  drictfyoung  bu 
The  prepara.tions  correspond  in  title,  strength  and  dose  to  the 
Squill. 

Apocyaum  {Cnnadiiin  Hemp). — ^The  dried  rhizome  and  roots 
bium. 

FUiext.  Apocyn. — Av^rage-dase,  0.73  cc,  13  minicns. 

Conzallaria;  Lily  of  ihe  Valley. — ITie  root  of  Convallaria  nuj 

Euonymi  Cortex,  B.P.;  (Wiihoo). — Tlie  dried  ruut-bark  of  Euoi 
ConLiins  an  Amorphous  bitter  priaciple.  Used  mainly  as  r 
podophyllum.     Dose,  0.5  Gm.,  8  gr. 

Est.  liuonym.,  B.P. — A  powdered  extract.    Dost,  0.06  to  OJt 
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General  Statement. — Preparations  from  Cactus 
florus  have  been  used  aa  substitutes  for  digitalis,  particui 
cardiac  neuroses.  Proprictajy  preparations  have  been  \  ^ 
Experiments  on  animals  and  men  have  shown  that  tl  * 
digitalis  and  strychnin  actions  and  arc  indeed  absoli  ^ 
clinical  testimony  is  not  conclusive.  Careful  observe  ^ 
find  any  clinical  effects;  those  who  describe  positive  res  ^ 
undervalued  the  element  of  suggestion  in  the  treatm  1 
neuroses  (Report,  Coun.  Pharm.  Chem.,  igio;  J.A.M.A.  1 

Uncertain  Orif^in. — Some  of  the  discordant  slalcmcnts  are  probh  . 

with  other  cacti,  some  of  which  contain  alkaloids  with  nurked  ne  4 
possibly  some  cardiac  actions.  No  alkaloid  or  other  definite  prindr*^ 
isolated  from  the  grandiflonu. 

Experimental  Results. — The  drug  was  introtluced  in  1864  by  Ri 
physician.     TioinL-c  and  Teissier,  1S91,  described  a  weak  digitalis    f 
heart,  produced  by  an  alkaloid,  which  they  considered  derived  from 
They  were  e\ndently  working  ivjih  some  other  substimce.     No  sc>^ 
made  to  check  the  extreme  claims  for  the  cactuis  prqiarationt,  «4f 
Matthews,  190S;  Lyon,  ipio;  and  Hatcher  and  Bailey,  191 1 ,  showed  f 
doses  of  the  bnt-known  prei>anitions  are  practically  iaert — entireta 
mouth — in  animab  and  in  man,  in  health  andlndiiease.     Groebcx^ 
the  pfcacntc  of  a.  gluco5%id  with  digitaluid  action,  but  »o  weak  that  U« 
Ucally  inactive,     lie  does  not  sLau  whether  hU  drug  was  propei^ 
precaution  was  taken  by  Hatcher  and   Bailey.     Gordon  Sharp,   1^ 
clinLcal  result.s  ncg.itivp  when  the  genuine  drug  was  used.     The  lav 
lure  (summuri/.td  by  Halclicr  and  Bailey,  191  ij  does  not  bear  stri^ 

Other  Cactus  Varieties. — Alkaloids  h-ivc  been  isolated  from  Z 
(Hefftcr,  iRqS);  mescaUn,  anhalonidin,  pcUotin,  pcctenin.  piloocrT 
1903,  investigated  their  action  on  Uie  heart,  and  found  that  they  pi 
without  increase  of  pulse  volume  (,ia  contrast  to  digitalis). 
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MESCAX 

T'his  pltys  an  important  part  in  the  cerirmonia)  of  Indian  tribes.  U  is  a  pn-parution 
of  cb«  cactus  Anhalonium  Lewioii,  in  which  Lewin,  1SS6,  demonstrated  principles  with 
lurootic  and  str>'chnin  ucuoos.  It  contains  four  ulkoloids  which  a(;rcc  qualitatively 
in  th«ir  actions.  The  latter  arc  quite  numeTcius:  a  slowing  uf  the  heart,  .1  curnre  iiclion 
on  strip«d  muscles,  a  specific  depression  of  the  rcspiratoo'  center,  and  a,  stimulation 
of  otter  parts  of  the  central  ncr\'ous  sysltra.  The  slimululion  is  *howa  mainly  iu  cer- 
itia  spcda]  seiues,  xaon  conspicuously  in  \-i5.ion,  the  elTecl  appearing  as  a  loss  of  coCrdi- 
utioo.  It  produces  hallucination  of  nil  the  special  senses,  but  particularly  of  sifhL 
Tlicre  arc  flashes  and  lines  of  ever-changinK  culors.  Since  they  are  tlic  same  in  both 
ejTs.  they  muu  be  central  (Dixon,  iSt}^).  A  psychologic  study  of  meacalin  hallucinations 
hu  been  madehy  Knauer  and  Maloney,  1513.  Wacbcr,  roi  j.  failed  tn  find  the  described 
vinaal  aad  auditary  effects  and  double  person  all  ty,  but  ob^r\-cd  other  ps>'chicand  phyMcal 
disKu rbances.  Breslcr,  1905.  csperimented  with  its  action  on  mentally  affected  ikitients. 
Prlityt'iH,  one  of  the  alkaloids,  has  been  investigated  by  Pincussohn,  1907.  Mescal  a 
dot  used  therapeutically . 
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CAMPHOR 

General  Statement. — Camphor,  CioHieO,  is  a  solid  derivative  of 
tcrpcne,  Cn>Hi«,  alHed  to  the  volatile  oils.  II  is  prepared  by  the  dis- 
lillalion  of  the  wood  of  the  camphor- tree.  This  natural  ca,mphor  polarizes 
to  Ihe  right.  A  synthetic  camphor  has  been  prepared,  which  is  racemic. 
^  levorotary  camphor  is  also  known.  The  three  isomers  agree  qualita- 
tively in  their  actions.  The  1-form  is  somewhat  more  active  on  the 
nervous  system.  Therapeutically,  they  seem  to  be  equivalent;  but 
only  the  natural  i.s  used. 

_  Camphor  is  a  mild  irritant  and  antiseptic,  often  employed  as  a  counter- 
initant  m  the  form  of  camphor  liniment  or  spirits.  It  is  also  used  as  a 
protective  against  moths.  Systemically,  the  effects  are  very  inconstant, 
pi^^ng  perhaps  to  its  uncertain  absorption  and  rapid  destruction.  It 
^  Used  intramuscularly  to  .stimulate  the  circulation  in  collapse  conditions, 
1>parenlly  with  good  results;  the  mechanism  has  not  been  satisfactorily 
"iplained.  Toxic  doses  produce  convulsions.  In  frogs  it  exerts  a  curare 
action. 

Local  Actions. — Externally  camphor  acts  similarly  to  the  volatile  oils, 
producing  rubefaclion,  with  little  sensory  irritation  and  mild  analgesia. 
"  is  applied  in  neuralgia,  inflammations,  etc. 

Tlic  irritant  action  of  f^mall  dose-s  of  c:anipbor  tm  tke  digestite  canal  is  used  against 
*y*P*psi4j.     1.4irge  doses  produce  Tomiting. 

Camphor  has  a  slight  antiseptic  action  which  determines  its  use  in  mouth  u^ashex  and 
gftfti.  It  hat.  also  been  employed  as  intestinal  antiseptic  (0.3  dm.  three  times  dail^-). 
^rmperiloaeal  inJectioDS  of  camphorated  oil  iiave  been  tried  in  diffused  peritonitis 
'*  Mnurd  and  Ariiaud,  igi;;  200  to.^oocc.  areiuid  to  be  absolutely  harmless).  Seibert, 
J*i  a,  uses  camphor  (13  c.c.  of  ao  per  cent,  oily  solution,  hypodermically,  cverj-  twelve 
***>r»l  in  pneumonia,  claiming  that  it  reduces  toxemia  and  prevents  the  crisis.  This 
**  is  still  experimental.  Lco,  1913,  prefers  iniruvmous  injection  (saturated  solution 
**l>out  .1 1 5000),  but  Wctntraud,  1913,  £uids  the  results  no  better  than  with  hypodermic 
■"ttlinistrfllion. 

Applied  directly  to  fro^'ft  Kkeletal  mu-tcle,  it  producer  a  curare-like  action.  This  ia 
°*l  seen  in  mammals.  Other  camphors  derived  from  various  volatile  oib  also  produce 
'■>*    effect   <Hildebraridt,    iqo?). 

Absorption,  Fate  and  Excretion. — Camphor  is  quite  readily  absorbed 

tforn  the  mucous  membranes  and  subcutaneous  tissue.     Hatcher  and 

^Sgleslon,    1914,   find  the  absorption  more  rapid  from  oral  than  from 

t^trarouscular  administration.      It   is   rapidly   oxidized  to   campherol, 
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CioHiaO-OU;  and  this  excreted  in  combmatioa  wilh  glycuronic  acid, 
CioHiftOOCeHgOfl-  (Schmiedeberg  and  Meyer,  1879).  This  destroys 
the  activity  of  the  camphor;  and  accordingly,  Happich,  19^2,  claims 
that  the  toxicity  is  higher  when  giycosuric  acid  formation  is  disturbed 
through  starvation  or  deprivalion  of  oxygen.  Similarly,  he  states  that 
Intraarterial  injections  are  more  than  twice  as  toxic  as  intravenous. 

Ezperimentiil  Effects  on  Circulation..— These  are  especially  complex 
and  inconstant  so  that  different  investigators  have  obtained  varying 
results. 

According  Lo  Liclamjuiii,  1912,  the  moat  frequent  mutt  of  moderate  doMs  is  a  P^ 
riphcra!  dilator  cfTcct,  first  on  the  pulmonary,  then  on  theaystemk  blood  vessels.  The 
blood  pressure  therefore  generally  falU;  hut  thift  may  he  preceded  by  bricl  ccntnl 
vasoconstriction.  Large  do&cs  occasionally  produce  periodic  variations  in  the  blood 
preiisure,  through  the  va.'inniotor  center.  Uirge  rises  of  bloinl  pressure  may  occur  during 
canvuhions.  If  the  cardiac  muscle  \i  deprc&scd  or  tibrillating,  it  may  sometimes  be 
reviverl  by  camphur,  but  the  r(»pi>n»i;  is  urcertam.  HearJ  and  Brooks,  i<)i.{, obtained 
(jenerally  negative  results.  The  experimental  evidence  therefore  gives  no  explanation  of 
the  claimed  therapeutic  rrsuUs. 

Frog's  Heart.— ~Thc  effects  of  apply-inj;  camphor  solutions  were  studied  by  Hcuboer, 
1870;  and  Ochm,  1870;  those  of  penusion  by  Plant,  1914  {bibliography).  They  are 
slight  and  inconstant  with  normal  hearts,  but  camphor  restores  the  beat  of  frog  hearts 
arrested  by  muscarin  (Harnack  and  Wilkow-aki.  1876)  or  by  chloral  (Boehm,  1905). 
The  restoration  i^  only  transient  {Plant,  iyt4).  It  is  priHlutn!  by  the  various  campmir 
derivatives  on  lurtiet  (Lippcns,  1911);  camphoric  acid  being  somewhat  more  stimuUot. 
With  tfnlrknUr  strips  of  turtle  hearts,  Pliint  mbservcd  slight  quickeninji,  not 
modilied  by  chloral.  The  ultimate  effects  of  strong  solutions  of  comf^or  are  depressant, 
weakening  and  slowing  the  bL-ats. 

ilammclian  Heart. — No  definite  effects  have  been  demonstrated  in  normal  hearts, 
in  iilu  or  i^ulaCed.  Winterbcrg,  1903;  Klcmpcrer,  1907;  Plant,  1914;  and  RicfaardSf 
1914,  obtained  purely  negative  results.  Scligman,  1905,  sometiines  observed  strength- 
ening, but  by  no  mean^  always.  He  claimed,  however,  that  camphor  tends  toprex-ent 
or  recover  fibrillation;  and  Gottlieb,  :905  and  190(1,  found  that  the  heart  of  intact 
animaU  ia  al*o  rendered  more  resistant  to  fibrillation.  This  was  coolradicitd  by 
Winterbeig.  Richards  found  no  detimte  effect  of  camphor  on  the  isolated  heart  in 
fibrillation  or  asphyxia;  nor  Plant,  after  chloral  or  phosphorus.  Heard,  1915.  worked 
with  the  heart  in  situ,  but  Isolated  from  its  ncr\'cs,  and  the  pressure  kept  coitstant  by 
a  compensator;  camphor  had  no  effect.  Isaak,  191J,  claims  a  rise  of  blood  pressure 
from  intravenous  injection  of  camphor,  in  anim-Als  with  their  hearts  weakened  by  phos- 
phorus, but  no  effect  after  chloral,  During  i-ornploli-  hcait-bliKk,  in  dogs,  van  EatiKHkd, 
1913,  could  generally  observe  no  effect  from  camphor.  The  coronary  blood  now  in- 
creases  if  the  pressure  rises  (F.  Meyer,  1913),  The  coronary  vrsieis  (as  also  the  ear- 
vessels)  of  rabbits  are  also  dilated  directly  by  perfusion  with  camphor  (1:2,500.10 
S,ooo];  »lill  more  by  borncol  and  menthol.  With  a  tenth  of  these  ctHicentratiotu,  the 
dilaU^n  is  preceded  by  constriction  [Likhalcheva,  1916). 

Stood  Pressure  and  Vascolai  System.— The  earlier  investigators  {I'cUacani,  1M3; 
AlcicandL-T-Lfwin,  iSqo;  Paessler,  iHoq)  gemerally  described  a  risic  of  blood  prr&sure  from 
vasomotor  stimulation,  Wiedemann,  1S77,  and  Stockman,  188S,  observed  rhythmic 
risci  of  bliwid  prfisure,  attributable  to  heightened  rellc\  irritability.  Sliiriulalion  of  the 
vasomotor  center,  however,  does  not  occur  with  therapeutic  doses,  but  only  as  the  coft- 
vulsjuit  effects  arc  approached;  and  e-^pe^.ially  during  the  convulsions  pmi>cr  (Pilcher 
and  Sollmann.  1915)-  Wten  the  blood  jires^ure  is  not  changed  by  moderate  doses. 
The  most  frequent  result,  according  to  Wmtcrberg,  190.1,  and  Licbmann.  191 2,  consists 
in  persistent  fall  of  blood  pressure,  occasionally  preceded  by  a  slight  and  short  rise. 
The  rise  Is  attributed  to  central  vasomotor  stimulation;  hut  the  fall  is  produced  by  pe- 
ripheral action  on  ihc  vessels.  Heard  and  Brooks.  1913,  obtained  quite  negative  results. 
Liebmann  finds  that  the  pulmonary  vessels  dilate  bnore  the  systemic.  The  nidc5}iread 
vasodilation  results  in  lowering  the  pressure  in  the  right  heart.  Frey,  iqoo.  found  no 
effect  on  pulRHtnary  bemofrhtige.     The  cerebral  vessels  are  also  dilated  (Bcrcsin,  191(1). 

Clinical  Effects  on  Circulation.— Camphor  is  used  clinically  as  a 

lem(K>rary  cardiac  slimulant.     Opinions  arc  dL\'idcd  as  to  its  usefulness. 

""'  *  ciTects,  if  they  occur,  are  inconsLaiit  and  unreliable.     However,  it& 

loyment  is  harmless. 
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In  noimal  incIi%'iduaU  and  in  cardiovasniltr  disease,  camphor  [even  up  tn  3  Gm, 
hypodennJcally— ilcard  and  Brooke,  1^13)  docs  noi  alter  the  blood  pressure,  or  the  rate 
or  quality  of  the  pulse.  In  citllapM-  conditions,  cspcnuUy  in  febrile  toxemias,  most 
cJiniciaTM  believe  that  hj-podcrmic  injections  improve  the  volume,  tension  and  regularity 
ol  the  pulse  temporarily.  G.  Schwartz,  190O.  pcncrally  found  a  rise  of  blood  pressure 
ol  10  to  JO  mm.,  too  slij;ht  to  expluiti  the  iniprovemenl.  Il  is  possible  but  not  certain 
^lutt  the  weakened  human  heart  responds  better  to  camphor  than  experiments  on  animals 
'"'oulc]  iodiatle.  It  is  alsu  conct-ivnblc  thnt  tin-  stimulation  b  reflex,  since  the  injcctioiu 
prrjiluce  considerable  local  reaction  (Heard  and  Brooks).    The  rcRuIatiuR  influence  on 

ucrlirium  cordis  might  be  beni-tidal  iu  auricular  iibrillalion,  but  the  action  would  probably 

*>«■    loo  brief. 

AdministratioiL— The  camphor  is  employed  intramuscularly,  di^ 
I  vcd  in  sterile  olive  oil,  i  lo  2  c.c.  of  the  10  per  cent,  solution  being 
FMAted  in  ten-  to  fif  tecn-minutc  intervals  as  needed.  In  babies  of  one 
y«^r,  A.  Jacobi  advises  Ho  lo  H  grain  every  two  hours.  Intravenous 
i^j«ction(35olo35oc.c.  of  0.1  percent,  in  saline)  is  safe,  but  less  effective 
C^\'"cioiraud,  1913). 

Other  Uses.— Camphor  Spirit  isahousehold  remedy  in  colds,  bronchitis, 
^t-c  It  is  probably  somewhat  expectorant,  diaphoretic  and  antipyretic 
CBinz,  1875  and  1877).  The  skin  vessels  are  dilated.  It  was  also  ad\'ised 
in  tuberculosis,  but  has  not  found  much  support.  Camphor  has  also  been 
ixsed   as  a  nervous  depressant   in   hysteria,  epilepsy,  chorea,  and  con- 

tVTjlsions,  and  as  an  anaphrodisiac.    This  rests  on  no  rational  basis. 
1         Respintion. — ^The  effects  of  non-convul&ant  dos«s  are  very  slight  and  inconstant, 
t^rmcticolly  ncgalivc. 

EdMll  and  Means,  iqi4>  and  Higgins  and  Means  <9i5>  studied  tlic  effects  on  man, 
umiag  0.4  to  0.5  Gm.  hypodcnnically.  They  found  the  center  samctimcs  slightly  stimu- 
lated by  broncbodilalion  and  slight  increase  of  carbon  metabolism.  The  rate  was 
often  slowed;  the  volume,  single  or  minute,  was  unchanged. 

In  inimaU.  the  respinitioti  is  somewhat  slowed  but  deepened,  so  that  the  minute 
volume  is  increased.  H'iclond,  1915.  claims  lowering  of  the  threshold  for  COi.  Isaac 
f  ovad  it  cspcciaUy  effective  after  morphia. 

TOSC  EFFECTS 

These  are  similar  in  man  and  animals,  consisting  in  stimulation  and 
then  depression  and  paralysis  of  the  central  nervous  .system. 

The  treatment  would  consist  in  evacuation  and  stimulation.  Alcohol 
^odtuls  should  be  avoided  since  they  favor  absorption. 

SpBypma  in  Man. — Tbe^-  consist  in  tiausra,  vomiting,  colic,  verti^,  disturbed 
2^li  tipiincfii,  ejiciianent,  impulshe  mmtmcHU,  driirium,  loss  of  consctousitess,  face 
yitcd,  Lbra  pale;  epiUpHJorm  convulsions  arc  a  constant  feature  in  animals,  and  some- 
^Mb  occur  m  man  (ailcr  1.5  Gm.;  Austragesillo,  i>>is};  often  anuria  (illuiitralive 
*^ittis.  SiaiJcy,  iQoj;  F.  Uarker,  iQto;  Koppang,  1913).  Dtaik  is  rare  in  man,  occur- 
^ibva&pbyxja  arid  collapse.  Ci>*ivatescence  may  last  several  days  or  weeks;  the  gastric 
*MuAance  is  especially  persistent. 

Coamlaiani. — In  mammal?,  ihe^  are  located  muinly  in  the  hemispheres;  for  removal 
^  Uie  bemispberes  with  section  below  the  optic  thalami  diminishes  (Albertoni,  i88a) 
'^UNibhcs  (Moriia,  1915]  the  convulsions. 

TW  ipisal  cord  also  shows  some  stimulation,  and  finally  paralysis,  but  this  does 
"^'icgow  on  until  late,  and  is  not  important  in  mammals. 

Ib/iv£i.  on  the  other  hand,  the  action  on  the  spinal  cord  is  very  pronounced,  and 
^^"Ms  io  a  ptiralyxu.  This  entirely  oltscurcs  any  action  which  the  drug  may  have 
'  rttrop  in  the  nerv'OUS  system  in  thest  animab.  It  appcan.  thai  the  path  for  reflex 
■^ihm  is  blocked  before  that  for  impulses  coming  from  the  higher  brain  (Wiedemann, 
\,.  Biai.  1878).     The  lymptoms  are  described  by  Grove,  1910. 

ToticDose.— This  varies  greatly:  a;  to  1  Gm.  has  been  fatal  to  children  and  toxic 

'"•lahj;  i  Gm.  generally  produced  dangerous  effects;  but  15  Gm.  have  been  survived 

iand  in  an  infaul  u(  dghteca  months,  1  Gm.  produced  little  if  any  symptoms 
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Solvent  and  Place  of  Admmistratioii  on  Toxidt;.— Cairi:^,  1914.  and  Camot  aM 
Cains,  1914,  have  studied  these  on  guinea  pla^.  With  oral  atl ministration,  the  toxktiy 
of  camplior  i»  Krcatty  dccrcusctt  by  oil.  Hy]>odcrniic3[ly,  oily  dilutions  are  also  leas 
toxic  Irian  alcoholic,  elhercMl  or  even  watery  snlutiors.  Intraperitoneal  ate  more 
toxic  than  h>'podcrmic  injections.  Oral  administration  i»  more  effective  tliaD  intn- 
mu&L-ular  (Hatcher  and  Kggleston,  1014). 

CAMPHOR  ISOMERS 

The  syottiesis  of  artificial  camphor  is  described  by  Kebler,  1^7;  Iloiisemaii,  1915. 
Langgaard,  and  Maa!>s,  1907,  showed  ihat  the  actions  of  the  three  isomers  arc  qaalita- 
ttvcly  identical.  Grawitz,  1907,  dainicd  that  the  therapeutic  effects,  intcrmd  and 
external,  arp  indistinguishable.  Haemaelaeincn,  looS.  stales  that  the  levorotary  is  las 
efiective  on  the  heart;  but  itit  central  actions  arc  more  powerful  (Grove,  iqio).  Hcfiter, 
1Q14,  concluded  that  artit'tctal  C4implii>r  is  probably  more  toxic  and  often  contains  im- 
purities; that  it  ciiiild  be  substituicd  extcraatly,  but  more  experience  would  be  needed 
to  justify  its  internal  use.  The  war  has  furnished  the  occasion  for  this  experience;  and 
Luctz,  ror;,  concludes  that  it.<i  hypodermic  use,  clinically,  has  given  no  bald  effects. 

Borneo!  (Bomec^Campbor,  CipHuO],is  used  In  the  orient.  It  acts  similarly  to 
camphor. 

CAMPHORIC  ACn> 

This  was  introduced  by  Fucrbinger,  188S,  as  anhydrotic  agam-st  the 
night-sweats  of  phthisis.  It  aroused  some  enthusiasm  at  first  (lilerattire, 
Fujitani,  1906);  but  experimental  investigations  have  given  entirely  nega- 
tive results  (Dreesmann,  1889;  Fujitani;  Tyrode,  1908;  Roth,  1911");  and 
the  clinicaJ  effects  were  also  disappoiiiliug  (Tyrode).  The  drug  is  there- 
fore going  out  of  use. 

Other  Acliffns.^Tyiode,  1908,  could  discover  no  cSccts  of  any  kind.  Fujitani  and 
Roth  described  central  and  peripheral  stimulant  and  depressant  effects,  somewhat 
different  from  camphor.  It  produces  a  rather  marked  stimulation  of  the  mpiratory 
center  in  mommala.     Kobert,  1897,  ascribes  to  this  the  alleged  benefits  in  tubcrculods. 


P  REPARATIONS— CAMPHOR 

'Camphor  [Camph.},  U.S. P.,  D.P.;  Camphor.— A  ketone,  C|Hi«CO,  obtained  from 
OnDBmomum  Camphoni.  White  translucent  masses  of  crystalline  structure.  Its 
pulverization  requires  the  addition  uf  a  little  alcohol.  It  has  a  characteristic  odor  and 
warm  aromatic  taste.  It  is  slightly  sol.  in  water,  but  freely  in  ale.  fixed  and  volatile 
oils  and  [a[-<;olvent:i.  Dry  camphor  volatilizes  reatUly,  hut  its  solutions  are  practicafly 
stable,  even  in  open  bottles  iLaVVall,  1909).  Dose,  0.3  Gm.,  3  gr.  by  moutb;  o.i  Gm, 
cH  gr-,  hypodrrmically,  U.S.P.;q.i  j  100.3  Cm.,  2  to  5  gr.,  B.P- 

Its  use  in  the  orient  antedates  history;  but  it  does  not  »cem  to  have  been  known  by 
the  Greeks  and  came  into  use  in  Europe  in  the  Mediaeval  period.  At  present,  70  per 
cent,  of  all  the  camphor  produced  h  used  in  the  manufacture  of  ceUuloia. 

•j4(f.  C<i«n^A.,U.S.P.^.\  saturated  wttter>- solution  containing  less  than  0.8  perceat. 
Very-  little  therapeutic  action.     Dote,  10  cc,  a^  drams,  U.S.P. 
Acj-  Camph.,  B.P.^o.i  percent. 

'LininifTtlum  CampStoTtr  (Lin  Camph.),  U.S.P.,  B.P.;  Camphor  Liiument  (Cam- 
phorated Oil).  —20  per  cent,  of  camphor  in  Cottonseed  oil,  U.S.P.;  in  Olive  03,  B.P. 

*Spirsius  Camphorir  (Sp.  Camph.),  U.S.P.,  B.P.— 10  per  cent.  Dose,  i  cc,  is 
minims,  U.S. P.;  o.\  to  i.j  cc.  $  to  ao  minims,  B.P.  ^^ 

(Tr.  Camph.  Co.,  B.P.— See  Indei).  ^M 

Camphara  Morntbrnminiti  (Camph.  Monobrora.),  U.S.P.;  Monobromated  Camnho^H 
C*HuBr.CO. — Colorless  prismatic  needles  or  scales,  or  as  powder  having  a  mild  but 
characteriMic,  camphoraceous  mlor  and  taste.     Freely  sol.  in  ale.  (i  :6.5);  almost  Insol. 
in  water.     Dose,  0.135  tim.,  3  gr..  U.S.P.     Action  similar  to  Camphor. 

Acidum  Campiivricum:  Camphoric  Acid,  Ci,H|i{CO|H)i. — Obtained  by  olddatkn 
o!  camphor.  Colorless  crystals.  Slightly  sol.  in  water  (i :  175);  readily  soL  in  ak^ 
fats  and  alkalies.  Used  with  doubtful  results  as  anhydrotic.  Dose,  0.6  to  2  Gm., 
8  to  30  Br. 

Otycamphor  (camphor  with  H  replaced  by  OH)  has  been  recommended  as  respiratory 
sedative  in  coush.  The  aqueous  solution  decomposes,  and  it  is  marketed  aa  a  50 
per  cent,  alcoholic  solution  (Oxaphor^  N.N.R.),  of  which  the  dast  is  a  ex.  (jo  drop). 
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MENTHOL 
This  is  preparetl  from  the  volalilc  oils  of  various  mints.     It  acts 
similarly  to  camphor,  and  is  used  cspecialJy  locally  against  headache, 
neuralgia,  itching,  etc.     Applied  to  the  skin,  it  produces  at  first  a  cool 

P  sensation,  followed  by  slight  prickling  and  burning.  The  cooling  effect 
is  not  physical,  the  temperature  of  the  skin  being  normal  or  even  increased. 
It  is  explained  by  specific  stimulation  of  the  nerve-endings  for  cold  (Gold- 
scheidcr).     Alcoholic  solutions  are  antiseptic. 

■  PREPARATIONS — MENTHOL 

I  'Menthol,  U.S.P.,  B.P.,  CnHnOH. — A  secondary  alcohol  obtained  from  peppermint 

•oil.  Colorless  crystals  of  peculiar  odor  and  warm  aromatic  taste.  Only  iUgbtty  sol. 
in  water,  freely  in  ale.  Dose,  0.05  Cm.,  i  gr.,  U.S. P.;  0.0.1  to  o.ia  Gm.,  J^  lo  j  gr., 
B.P.;  AS  carmiruittve,  etc.  Externally,  in  alcohol,  oils  or  ointtnents,  i  to  5  per  cent  on 
mucous  membranes,  to  to  i;  per  c«nt.  on  skin. 

^Emp.  MtMthiA,  B.P.,  Menthol  Plaster. — 15  per  cent. 
Rene 


SAPONINS  (SAPOTOXINS;  SAPO-GLUCOSIDS) 


General  Statement. — These  comprise  a  series  of  related  compounds, 
generally  non-nitrogenous  glucoaids,  which  occur  in  many  plants.  The 
actions  are  somewhat  related  to  the  bacterial  and  other  toxins,  and  to  the 
soaps  and  bile  salts.  Like  the  latter,  they  lower  surface  tension,  and  there- 
fore emulsify  or  dissolve  fats,  lipoids  and  fine  powdera.  This  emulsifica- 
lion  is  characteristic.  Through  the  same  property  they  form  an  exccss- 
iv'e  and  persistent  foam  when  even  ver}-  dilute  (i :  10,000)  watery  solutions 
are  shaken;  they  himolyze  l>lood,  even  in  isotonic  salt  solutions;  they 
increase  the  permeability  of  other  cells  and  are  therefore  general  proto- 
plasmic poisons.  Fish  arc  killed  by  high  dilutions  (1:200,000).  In 
liigher  animals,  they  are  but  little  absorbed,  so  tliat  they  act  mainly 
*s  local  irritants  to  the  mucous  membranes.  A  few,  however,  are 
absorbable  and  toxic.  Their  interest  is  mainly  scientific.  Senega  is 
somewhat  used  as  nauseant  and  emetic.  Sarsaparilla  and  guaiac  were 
loiTnerly  employed  as  alteratives  in  syphilis.  Quillaja  (soap  bark)  and 
i*ponaria  (soap  root)  are  used  technically  for  cleansing. 

Cbemic  Properties. — Many  of  the  l>T>ical  memliws  of  the  uroun  respond  to  the  for- 
3**^,  CaHBt-«Oi».     Thfy  arc  glucosids  and  Rive  a  purple  color  with  concentrated  sul- 
'•*»!«  add.     They  are  pentrally  not  attarkcil  by  animal  ferments.     Physically,  thry 
i  the  characters  o(  colloids:  They  do  not  diatyzc;  most  arc  wlublc  in  water,  and  arc 


**  prectpitaled  by  moderate  amounts  iif  idrnhol;  but  tliey  do  nul  disscilve  in  purealco- 
■»l  Or  in  lat-ftolveots.  Man^*  arc  precipitated  by  saturation  with  neiiiral  salts,  especially 
••nmonium  sulphate;  by  basic  lead  acetate,  etc.  Some  behave  as  acids,  others  arc  neu- 
F^-  When  heated  with  dilute  mineral  adds  they  are  decomposed  into  sugars  (diflering 
J^Ok  individual  sapoains)  and  a  sapcgettin.  Schmiedcbrrf;  calls  these  dccompo-sitton 
jl'^clucts  "saponins,  '  and  all  the  oriijiiuJ  substances  " sapotoiins. "  Others  apply 
"*■  aaine  to  the  more  to^ir  ^iponins  [Review,  Robert,  1014). 

t-  Ooourence. — Sspo-glucosids  arc  very  widely  distnbuted  through  the  vegetable 
^JBdom,  occurring  tn  al  least  400  plants,  belorijrinj;  to  50  diflcrent  families.  They  are 
j^btbly  formed  in  the  leaves,  but  are  found  in  all  p.irts  of  thi:  plants.  The  foaming  i» 
*  Cvotpicuouii  that  many  o(  thes*  drugs  have  received  characteristic  popular  names, 
?]*P-bwk,  soap-root,  etc.  They  are  employed,  even  by  ron-dviUzed  peoples,  for  clean- 
*5'  *nd  on  account  of  their  high  toxicity  to  fish,  as  6sh-poisons.  Ophiolositi,  a  definite 
r^dple  of  isolated  SDake-venoo),  is  believed  to  be  closely  related  to  the  saponiiu 

^'*\Mtj. 


4i8 


MAKUAL   OF  PHARUACOLOGY 


Local  Actions. — Most  of  the  sapo-glucoskls  arc  markedly  irritant  to 
MU£i>us  metnbraties.  They  liave  an  acrid  taste  and  provoke  a  flow  of 
saliva  (sialogogue  action),  nausea,  vomiting  and  diarrhea;  if  inhaled^ 
they  cause  sneezing;  if  injected  hypodcrmically,  they  cause  svbcutcneous 
infiammalion. 

Therapeutic  Uses. — The  !oca.I  actions  resemble  those  of  ipecac  and  are 
similarly  employed.  Senega  is  used  as  nauseant  expectorant,  especially 
in  chronic  cough,  and  as  emetic  Its  non -absorption  constitutes  an  acf- 
vantage.  The  emulsifying  action  determines  the  use  of  quillaja  as  deter- 
gent, especially  for  the  cleansing  of  articles  which  are  injured  by  alkalies. 
The  use  of  quillaja  in  medicinal  emul^ons,  or  for  producing  foam  in  soda 
water,  etc.,  is  not  admissible. 

Some  of  the  less  toxic  sapomns  might  be  used  for  tim  purpose  (Robert,  1904)1  but 
they  have  not  bwn  sufficiently  studied  to  be  entirely  safe, 

A  ccrt.iiD  number  of  thtic  druRs  have  Komc  importance  on  account  of  stock-poboning 
(Vaccaria,  Raw  Potatoes);  olhere  have  been  used  iis  fish  poisons,  as  soap  and  as  couoter- 
irritants,  etc.,  by  the  .aborigines. 

SarsapariUa,  which  owes  its  activity  entirely  to  the  sapotoxin  or  sapoiiia  which  it 
coDtuins,  formerly  enjoyed  coosidcrable  reputation  as  an  aUeratht.  This  is  no  longer 
accepted  at  the  present  time  (IL  C.  Wood,  Jr.,  1916) ;  and  if  it  poi«e9ses  any  action  at  all 
it  is  simply  that  of  a  very  mild  nauseant  and  cathartic. 

Systeinfc  Actions. — If  sapo-slucosids  are  injected  directly  into  the  circulation  they 
produce  hcmiiUygis,  diuresis  (B.  MacCallum,  igoj;  /Vsher,  igoS);  and  direct  actiotis, 
especially  on  the  central  ner\'ou9  Rvi^tcm,  which  may  be  rapidly  fatal.  At  first  there  are 
violent  conviilsions;  then  paral>-sb,  csijccially  of  the  rcs^jiratory  center.  The  effect 
on  fish  is  also  paralytic.  Kapid  absorption  through  the  gilts  maJces  even  small  doses 
effective. 

Smaller  doses  given  b;  the  blood  cause  especially  intAstinuI  xymfitemt,  and  death 
alter  several  days  by  collapse.  Wby  the  symptoms  are  so  largely  intestinal  is  unex- 
plained. Given  subcutaneously,  they  produce  these  same  symptoms,  only,  of  course, 
much  more  slowly.  IE  they  are  applii^d  directly  to  skeletal  or  cardiac  miui;/^  or  to  nerve- 
trunks,  theselose  their  irritability  at  once,  and  if  the  solution  is  fairl>.'strong(i  percent.), 
there  is  rigor.  The  addition  o(  saponin  increases  the  toxicity  of  digitorin  for  the  frog'} 
heart  (rostojel!',  igii).  Saponins  act  on  amebs,  but  apparently  not  on  bacteria 
(Bacon  and  Marshall.  1906). 

Eff«ct&  of  Hemolysis.— Hemolysis  liberates  potassium  and  other  toxic  substances 
from  the  corpuscles  (Gottlieb  and  Lefmann,  1907;  VV.  H.  Brown,  and  Loevenhart,  tgij); 
but  these  arc  not  roncemcd  in  the  systemic  saponin  actions:  The  latter  occur  with  dosea 
which  arc  not  hemolytic;  nor  are  the  s>'stcmic  saponin  eSTects  avoided  by  cholesterin 
which  prevents  the  hemolysis.  Presumably  the  permeability  ol  the  ner^'e  cells  is  directly 
affected  by  the  saponin. 

Poisoning. — Most  sapo-glucoiids  are  absorbed  so  poorly  that  they  produce  only 
loc-il  effects:  gastroenteritis,  vomiting,  persistent  diarrhea,  etc.  However,  the  violent 
local  action  may  lead  to  corrosion  and  this  to  absorption  (/.t.,  with  quillaja).  Am»> 
temma,  the  common  corn-codde  (chemistry,  Brandt,  1Q06J  is  absorbed  fairly  readux 
and  thus  produces  systemic  poisoning.  This  is  important  since  its  seed  may  be  admixed 
with  crain.  The  sj-sceinic  symptoms  agree  witli  those  of  intravenous  injection.  On 
the  other  hand,  certain  vegetables,  /.i.,  spinach,  contain  saponins  which  seem  harmless 
to  man,  InctdeutuUy,  some  Sii^xmins  sjiow  a  different  toxicity  fur  different  species 
{KoljiTl,  1914I.     The  toxicity  is  not  simply  proportional  to  the  hemolytic  power. 

Hemolytic  Action.^Saponins  lake  bluod  even  in  an  isotonic  mcdiurD. 
The  phenomenon  depends  on  their  affiniLy  for  the  lipoids  of  the  cell 
envelope  and  stroma.    It  is  prevented  by  Ihc  addition  of  cholesterin 
other  lipoids  which  combines  or  binds  tlie  saponin. 


Hemolytic  Concentration. — The  limital  concentrations,  i  :4oo,oootoi  :to,vazyi 
mouftly  but  an.*  cliaractcristic  for  the  different  «a|>onins  (Robert,  1914]. 

Phenomena  of  Laklng.— Saponin  hemolysis  occurs  in  two  stages,  which  are  !»....- 
caJly  distinct:  The  liberation  of  hcmu};lobin;  and  increased  permcaoility  of  the  cnvd* 
ope  (.C^.  N.  Stewart,  1899  ^^  >9^>  Woelfel,  190S).     The  latter  occurs  even  in  formalde- 
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bvd-fixed  comusclcs.  The  action  Lt  probably  both  on  the  stroma  and  on  (he  envelope; 
dji»f>ditlinR  tM  former  from  its  combinution  with  hemoglobin,  aad  rendering  the  latter 
more  permeable,  thus  leading  Co  the  entrance  of  water,  swelling,  an<l  "  wate/'laking.'' 
S^xiain  dt>c3  not  aiusc  the  complete  disappearance  of  the  stronuita;  bile  *aU»  do  (Neu- 
berK  and  Hacndcl,  190X), 

Sc^utkm  of  Lipoids. — The  integrity  of  the  corpuscles  is  intimately  connected  with 
their  lipt^id  content.  The  stroma  and  envelope  consist  to  about  one-third  of  lipoids, 
chiefly  cholesterin  and  lecithin,  and  tn-o>thirds  of  protein  (Pascucd  IQ05).  Many  heme* 
lytic  agents  art:  lifxiid  solvents;  sucb  as  the  saponins,  bile  salts,  soaps  and  fatly  acids, 
jdipbatK  narcotics,  heAt,  etc.  Their  action  is  gcner^ly  proportional  to  their  lipoid' 
affinity.  Saponins  also  increase  the  permi:abiiity  01  artificial  choU'^u-rin-leciltun 
membranes  (Pascucci,  1005).  The  hemolytic  serums  and  toxins  probably  also  act 
on  these  lipoids,  but  perhaps  likewise  on  the  protein.  It  is  perhaps  not  necessary  that 
the  lipoids  areoctuallydisaotved;  they  need  merely  be  altered.  Hypoisotonic  solutions 
probably   disorgaiiizc   the   entire  structure  of   the  rnrpiiscles. 

The  hemolytic  activity  of  different  saponins  has  no  i^ation  to  their  effect  on  surface 
Ionium  (Woodward  and  .\lsbcrg,  itjiO), 

Speciflc  Resistance  of  the  Corpuscles. — The  blood  of  dJHcrcnt  animals  shows  sped- 
6c  dincreoccs.  It  is  noteworthy  that  the  resistance  iif  spccirs  varies  inversely  (or  sapo- 
nin and  water-laking  (Rync^ch,  too?  and  iQit).  Normal  scrum  is  somewhat  protec- 
tive, perhaps  by  itscbolcstcrin;  and  this  protection  is  slightly  incrcu^cd  by  habituation. 

Acaww  RctisUifur. — Repeated  injections  of  saponin  and  other  hemolytic  agents 
raise  the  genersl  resistance  of  the  corpuscles  (Robert;  K.  Weil,  1910J  contradicted  by 
Kagan,  1913).  No  true  antibodies  occur.  Prolonged  saponin  feedme  increases  the 
teaialaoce^  both  of  the  corpuscles  proper  and  of  the  scrum  (Alsberg  and  Smith,  15114). 
A  similar  increase  of  resistance  occurs  also  lo  certain  diseases  in  whlcn  hemolytic  poisons 
an  probabU-  produced,/.!.,  in  syphilis,  advanced  cancer,  etc.  (Wcii;  McNeil.  19:0). 

ICixsd  Hemolysis. — Fuchncr  and  Greb,  IQ12,  found  that  Ihejcombination  of  various 
hemolytic  agents  (aliphatic,  alkaloidal  and  glucosidalj  gave  complex  results;  the  summa- 
tion  of  the  effects  being  sometimes  simple,  exccsMvc  or  deficient. 
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Protective  Action  of  Cholesterol  .^Ransom,  1901,  showed   that  the 
addition  of  cholesterol  prevents  the  hemolytic  effect  of  sa[M>ntn!i  (also  of 
tofuidin    compounds,    Hildfbrandt,    1911;  of   cc)l;ra   lysiii,  and  of  some 
bacterial  h-sins,  /./.,  staphylo;  tetanus;  of  sodium  oleatc;  against   the 
'mmime-serum  hemolysins);  but  not  of  some  other  hemolytic  agents. 
Serum,   which  contains  cholesterol,  also  exerts  this    protective  action. 
rh«  phenomenon  is  explained  by  a  chemic  combination  between  choles- 
terol and  saponin.     The  protection  does  not  extend  to  the  central  saponin 
■ctions.     The  Oil  group  seems  essential  to  aU  these  protections.    Lcci- 
ttxin  and  other  lipoids,  which  do  not  form  chemical  compounds,  afford  a 
"^t-Mch  weaker  protection,  probably  by  binding  the  saponin   physically. 
Tt:k«ir  effects  extend  also  to  other  lipoid-soivent  heiriolj-tic  agents  (Pilcher, 
'^  X3).    Cholesterol   also  protects    the  heart  against  digitoxin,  but  not 
jJK^fcinsl  the  other  digitaloids  (Karaulow,  IQ12).     It  prevents  not  only  the 
^^■Tiolytic  but  also  the  systemic  toxicity  of  sodium  oleate  (Klot^  and 
»*=»thwell,  1915). 
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Combination  of  Cholesterol  with  Saponins. — Choleiterol  precipiiaies  saponins  from 
if  Mjluuon?,     Windaub,  igog,  showed  that  definite,  cryataUine,  non-hemotytic  com- 
F^%«jub  are  formed.     Those  with  digitonin  and  cyclamin  have  been  especially  studied 
^■^^g,  1910). 

,  3>rMectiTe  Actkm  of  Serum. — Washed  coniuscles  arc  laknl  by  sspuniits  in  one-fourth 
t^^  cooctntralions  required  in  defibrinatcd  blood  (l^ube,  1911).  This  is  probably  due 
^_*_hechulrslerol  cunlcnt.  The  injection  o(  saponin  irln  animals  lessens  this  protective 
'*-*-*'jn  (or  two  or  three  dajii,  by  binding  the  cholesterol  ( Wackcr  and  Heuck,  191,1). 

The  hemolytic  action  of  watery  solution  of  s^iuonin  is  rapidly  destroyed  by  the  addi- 
™****  oi /twrtiCfTM/  subslances,  eosin  and  erylhrosiii  iNogucni,  iijofi). 
I  Infusion  of  tra  al'so  has  an  inhibiting  eficct  on  saponin  hemolysis;  thb  has  been  pto- 

^K      V^^>«d  as  a  test  for  genuine  tea  (Maggiora  and  Ferron,  1914). 

\ ^ 
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PREPARATIONS — SAPONINS 

CaulopliyUitm;  Blue  Cohosh;  the  rhizome  sad  roots  of  Catilopbyltum  thalictraides. 
CCbccnUtry,  rovi,-t:r  uml  Salway,  iQij.)  Used  as  iJiuretic,  ctnmciuguguc  and  antbel- 
mintic.     (Sec  article  under  Nicoiin  and  Ergot.)     Dose,  0.3  to  2  Gm.,  5  to  30  ^. 

Guaiac  Lfinum,  fi.I*.;  Guaiac  Wood. — The  hvart-wood  of  Guaiacum  ofl^inalcor 
sancTum.  Contains  20  to  35  per  cent,  of  the  Rc<^in  and  some  sanonin  (a  trace  of  the 
latter  U  also  contained  in  the  resin).  There  is  some  reason  to  believe  that  the  sapootn 
is  the  bi-arrr  of  the  aition,  which  is  nauseant  and  purgative.  Ouaiac  is  an  aimoK 
obsolete  remedy  for  s>-philb,  gout,  rheumatism,  tuberculosis,  etc.  It  vras  iatioduoed 
soon  afttr  the  discovery  of  America. 

Oitaicuum,  U.S.P.;  Cuiiiac.  Res.,  H.P.;  (iuaiac  Resin  ((ium  Ouaiac;.-Tbc  reun 
obtained  from  Guaiac  Wood.  It  contaio.<i  a  number  of  resinous  adds,  espedaUy 
^uaiaconic  add,  which  is  colored  blue  by  oxidation.  Dose,  i  Cm.,  ts'gr..  U.d.P.;  0.3 
to  t  Gm.,  5  to  IS  gr,,  K.P. 

Guaiac  rc5in  is  commonly  used  as  a  reagent  for  oiidative  fermenl<>.  Schaer,  1913. 
finds  the  h^t  re.4u1tA  with  resin  extnicted  from  the  wood  by  chloroform;  then  the 
natural  resin;  then  alcoholic  extract  of  the  wood.  Solutions  lose  their  3cnsiti%'caeu 
with  age. 

Mist.  Guaiac,  B.P.;  Guaiacum  Mixture.— 3.5  percent,  suspcn&ion  of  the  reiio. 
/>wr,  ij  to  30  ex.,  J^  to  I  ounce,  B.P. 

Tr.  Gnfsiac,  U.S. P. — ao  per  cent,  of  the  resin.    Dost,  4  cc,  I  dram,  U.S.P. 
Tr.  Guaiitr.  Ammnn.,  U.S.P.,  B.P.;  Ammoniated  Tincture  of  Guaiac.     ao  per  cent, 
witb  aromatics  and  ammoma.     Dose,  3  c.c,  30  minims, U.S.P,;  2  to  4  ex,,  H  (o  >  draiB^ 

Troch.  Guaiac  Res.,  B.P.— o.a  Gm.,  3  gr.  ^H 

llemidesmi  Rad.— The  root  of  the  Hemldcsmus  indicus. 

QuillaiiT.  Ci'ttex,  B.P.;  Quillaia  (Soap  Bark). — The  dried  inner  bark  of  QuitUja 
Saponaria.  ^^ 

Tr.  QuiU.,  B.P. — 5  per  cent.     D»Sf.  2  lo  4  c.c.  l-j  *">  1  dram,  B.P.  ^H 

SapoTtaria;  Soap-root. — The  root  or  leaves  of  Saponaria  oflicinalis.  ^H 

Sarsapariita,  U.S.P. — The  dried  root  of  Smilax  spede&.     Dose,  a  Gm..  30  gr.,  U^P, 

Pldrxt.  Siirsap.,  U.S.P. — Dose,  1  cc,  30  rainims,  U.S.P. 

Hdext.  .Sarscp.  Co,,  U.S.P. — loo  cc.  represents  75  Gm.  of  SamparilU  and  3  Coi. 
of  Mty-crwim,  flavored  with  Glycyrrhiza  and  Sassafras:  J^  alcohol;  Vf  ^  glycerin  Dost, 
3  cc,  30  minims,  U.S.P. 

*S^r.  Snrsap.  Co.,  U.S.P. — 20  per  cent,  Sarsaparilla;  1.5  per  cent.  Senna;  fla\'ored 
with  Ucorice,  sa&safras,  sni^e  and  wintergreen.     Dost,  le  cc,  4  drams,  L'.S.P. 

Smr^a,  U.S.P.;  Sencg.  Rad.,  B.P.  (Seneca  Snakcroot). — The  dried  routs  of  PotygiUa 
Senega.     Dosf,  i  Gm.,  15  Rr.,  U.S.P. 

Hdexi.  iVn«.,  U.S,P.--Contains  some  ammonia.     Dose,  i  cc,  15  mioims,  U.S.P. 

/«/.  Smri-,  H.P. — .s  per  c^rnt.     Doic,  15  to  30  cc,  M  *"  >  oufKe,  B.P. 

Syr.  Seneg.,  U.S.P. — ao  per  cent.     Dose,  4  cc,  i  dram,  U.S.P. 

Tr.  Semrg.,  B.P. — 20  per  cent.     Da.if,  2  to  4  cc,  >j  to  1  dram,  B.P. 
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The  glucosidal  alkaloids^  solanin,  solani-in,  and  solanidin,  which  occur  id  plants  of 
the  potato-genus  [SoUDum  nigrum,  dulcamara,  tuberosum  (PotAto),  CaroUnensc.  aiid 
Tomato),  possess  a  typical  sapotoxin  action.  In  certain  species,  particularly  in  S. 
dulcamara,  they  arc  a^Urfxluled  with  a  small  rjuantity  of  atropin-Uke  alkalnid  and  with 
a  saponin  (dulcamarin).  The  latter  plant  h  sometimes  ascd  a5  a  nauscant.  Solaoin 
has  the  formula,  Ct7Htl^t'0|■:  it  splits  into  .sugar  and  solanidin,  CtoHtiNOi.  The 
solatiin  lilcriiUirt-  is  rt-vicwed  by  Mcyt-r  aJid  Sch micdcbt-rK,    1895, 

Sf^aniun  Dulcamara. —  Bittersweet. — The  younji  branches  arc  used.  Dose,  4  cc. 
of  till*  fluJdcxlract. 

Potato  {Solannm  Tuberosum). — The  loxtc  prindples  are  di.^tributed  throuffhout  the 
plant,  but  only  very  small  quantities  are  found  in  the  pulp  of  the  tuber  -too  small  lo 
produce  any  action.  Thi-  quantity  is  larfner  in  the  peel,  and  cspcrialiy  in  very  young 
and  in  sproulins  potatoes,  but  it  is  not  increased  by  storage.  The  amount,  however,  is 
always  so  small  that  "  potalo-puisoning  "  is  probably  never  due  to  solanin  (Drosle. 

Solaniim  CarolinrnsF. — Tbr  bt-rrifs  have  bwn  recommended  in  epilepsy.     They  are 
alwa>-a  given  with  bromids,  and  the  therapeutic  effects  of  the  mixture  are  probably  < 
«&tirely  to  the  latter.     Dose,  4  to  5  cc.  ot  the  fluidexlracL 
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SNAKE  VENOM 

Actioag. — The  effects  of  snake  venom  arc  partly  local,  P&rtJy  centraJ.  The  heal 
effeeli  consist  cspedally  in  aa  intense  cellulitis  at  the  wte  of  the  bite.  This  is  accom- 
panied by  sweUing and  prof;r<--<>se^  lo  RanKftnc.  The  blood  h  also  deepSy  affvclcd,  lis 
coa^lability  is  altered,  as  withalbumoscs.  The  red  blood  corpuscles  arc  dissolved. 
There  is  considerable  tendency  to  extravasation  and  thrombosis.  The  leucocytes  sink 
to  35  per  cent,  of  their  Dormsil  number. 

Snake  venoms  have  no  effect  on  infusoria,  bacteria,  or  on  plants,  but  they  ore  toxic 
to  alt  animals  above  the  hydra. 

T/u  systanic  aciioni  arc  nervous,  and  cuunly  central.  The  most  conspicuous  Is  a 
bulbar  paralysis.  There  is  a  period  of  incubation  (in  man,  of  about  four  hours*  dura- 
tion); tne  patient  then  becomes  drow<iv,  and  then  presents  an  ascending  paralysis  of  the 
tord — i,e.,  in  the  order  oi  legs,  arms,  larynx,  and  tongue.  This  may  be  preceded  by 
ronvuhuve  movements.  There  \»  ?i\ni  salivation  and  vomiting.  The  respiration 
becomes  dyspneic,  giving  rise  to  aaphyxial  convuUions  and  forming  the  cause  of  death. 
The  heart  beats  for  some  lime  after  the  respiration  stops.  A  paralysis  of  the  vasomotor 
center  is  frequent  with  these  poisons,  leading  to  a  fall  of  blood  pressure.  The  latter 
is  in  part  due  to  peripheral  effects  on  the  heart  and  on  Ihc  enilings  of  the  splanchnica. 
In  the  heart  the  paralysis  involves  both  ganglia  and  muscle.  There  is  also  some  curare 
action. 

E  These  actions  are  common  to  all  snake  venoms;  nith  certain  snakes,  however,  the 

local  actions  predominate,  with  others  the  systemic. 
The  danger  depends  on  many  condiiions.     For  raltlesnakr  venom,  the  fatal  bypo- 
dennic  dose  would  perhaps  be  o.j;  to  o.i  Gm,     The  actual  mortality  in  America  is 
jwohably  about  10.5  per  cent,  for  all  snakes;  11.7  per  cenl.  for  ral1ie«nakes  {Willson, 
1908 1. 
Hemolytic     Principle. — This     is     probably     a    toxalhnmin    (Kycs    and    Sachs). 
Cobra  venom  lakes  washed  human  and  gumca-pig  corpuscles  directly,  in  the  absence  of 
serum;  whereas  washed  sheep  and  o\  curpusclcb  are  liiglily  resistant,  but  arc  rcnrlcrcd 
susceptible  by  the  addition  of  scrum  or  Iccithtn.     Kycs,  C910,  therefore  considered  the 
venom  as  amb«ccptor  and  lecithin  as  complement.    The  existence  of  this  toxic  "cobra- 
/ecBthid"  was  discredited  by  .Manwaring,  1910,  and  olhent,     Von  Dungern  and  Coca 
ab^Mred  that   venom  contains  a   lipoid-aplitiing   ferment,  which   liherdie^  hemolytic 
deavafc  products.     Nogucbi  believes  that  soaps  of  unsaturated  fatty  acids  may  act 
■s    *'  complement." 

Ophiotoxin  and  Crotalotoxin. — These,  according  to  Faust,  1910  and  1911,  are  the 
cfa-i*l  toxic  constituents  of  cobra  and  rattlesnake  venom  respectively,  being  resptmsible 
t»""  the  central  actions.  They  arc  dc&niic,  non-nitrogenous  principles,  not  glucosidal, 
baA  t  otherwise  verj-  closely  rclateii  in  their  physical,  chemical  ami  pharniacolngical  char- 
ier C«rs  to  the  saponins;  and  probably  related  to  the  toad  poison,  and  hence  locholesterin. 
Tlm.«y  produce  practically  all  the  effects  of  the  whole  snake  venom,  except  agglutination. 
Kattleanske  venom  is  not  toxic  to  rattlesnakes.  The  serum  of  thetie  :^nake^,  how- 
n^^^z.bnot  aoliloxic.     It,  as  also  the  bile,  has  only  alow  toxicity  (Walker  and  Marshall, 

^^  "TTBatment  of  Snake  Bite. — This  must  be  very  prompt.  The  wound  should  h« 
"^C^M-ted,  expressed,  excised  or  cauterizerl.  Crystals  of  potassium  permanganate  should 
b*s_  nhbed  in.  or  a  solution  of  this,  o(  chlorinated  lime  or  of  iodin.  should  be  freely 
1*  J^srted  into  or  about  the  wound.  MrduJlary  stimulants,  and  large  doses  of  strychnia, 
tr^  UMfuL  The  ]>opu!ar  treatment  nnch  large  doses  of  alcohol  is  empirical.  Immuniza- 
U«*«:»  by  antivcnins  has  been  tried  extensively. 

Otiief  Animal  Poisons. — Various  animals  contain  toxic  substances  belonging  to 
<itni  groups.     They  are  rc\Tewed  by  Faust,  igio;  and  the  animal  hemolytic  poisons 
l>y    Sadu,  1906.    The  toxins  of  Ittlcsiinal  Parasiiet  are  discussed  by  Paulian,  1914. 


CHOLESTEROL 


The  protective  action  of  chole-itcrol  against  saponin  hemolysis  has 
*^^  lo  therapeutic  trials  in  hemolytic  diseases.  The  results  have  not 
"*ca  decisive. 
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Characters.— Cliolcftlerol  i*  a  mon-atomic  alcohol,  CirHitOH,  with  the  solubility 
chiinicicrs  of  fats.  It  h  therefort  but  poorly  absorbed  (Sladelmann,  1898;  Klein. 
iQio).  lis  oxidation  products  produce  cuecLs  (digitalis  and  saponin)  nrsembling  thoae 
of  bile  acid^  and  of  tiie  noisorus  of  toad^  and  snakes.  Indvcil  .til  these  are  probably 
derivatives  of  ctiolesterol  (I'aust,  1011;  Mur>',  1911).  Cholesterol  itAclf  is  somewhat 
stimulating  to  the  lu-art-mu9clc,  but  without  slowing  (Danilewstcy).  Cbolesteiol 
and  its  fatty  esten  lessen  phagocytosis;  lecitliiD  removes  this  effect  for  cholesterol,  bot 
not  with  the  esters  (Btcubcr,  1913). 

Occurrence. — Cholesterol  is  a  common  cell  constituent,  and  therefore  occurs  in  roost 
foods.  LuK-yolk  is  especially  rich,  one  yolk  containing  about  0.35  Cm.  (.Klein.  1910). 
It  k  gRniTiilly  preparcil  frnni  gall-stones.  Its  esters  and  homnloRS  constitute  Wool- 
fat  (sec  Index}.  The  cholesterol  content  of  the  bhod  plxsma  is  influenced  by  discaoe; 
increased  in  diabetes  mellitus,  icterus,  and  some  other  discasies;  decreased  in  infectioiu 
fevers  (Klinkert,  1913;  Buerger  and  Beumcr,  1913).  It  is  also  increased  by  partial  or 
complete  excision  of  the  suprarcnals;  at  the  same  time,  increased  quantities  arc  excreted 
by  the  bile  (Rothschild,  1914). 

Cholesterol  is  present,  partly  free  and  partly  as  esters,  in  the  blood  plasma,  red  cor- 
puscles, and  especially  in  tltc  leucocytes,  in  fairly  constant  quantity  under  Donual 
conditions.  Cholesterol  plates  m.iy  be  found  in  any  tissue  vhen  the  cells  have  under- 
gone slow  destruction  and  where  absorption  is  poor.  It  is  increased  by  feeding  cbolo- 
lerul  (Lelimanii,  iyi4;  Wacker  tiiid  Hueck,  1913).  Mice  can  synlhetiw  cliolrslerol 
when  it  is  absent  from  their  food  (Degani,  1914);  but  it  is  now  believed  that  it  is  iKtC 
ordinarily  fomied  in  higher  animHls,  but  depends  upon  the  food  and  therefore  c\-cntually 
on  plants.  Ordinary  food  contains  adequate  amounts;  but  when  the  diet  is  restricted, 
or  when  there  are  extraordinary  demands,  as  in  j;ruwing  children,  it  may  conceivably 
be  deficient  (MendeE,  19 14). 

Fate. — Cholesterol  is  absorbed  from  the  alimentary  tract  into  the  lymph, 
being  demonstrable  in  the  thoracic  ducts.  A  part  Ls  converted  into  esters  before  absorp- 
tion (.Mueller,  1915).  The  excretion  in  man,  with  various  diets,  was  studied  bv  Kllis 
and  Gardner.  191  i.  It  is  first  oxidized  into  oxycholesterin,  and  a  part  probably  into 
the  cholic  acid  of  the  bile  (Liefschuetz,  1914). 

Hypodermic  injection  into  rabbits  produces  marked  inflammation  and  necrosis  of 
the  (subcutaneous  tissue.  This  gradually  aubaides  with  the  disappearance  of  the  choles- 
tcrin,  effected  mainly  through  the  leucocytes  (Bastcn,  1915)- 

With  intravenous  injection,  it  leaver  the  blood  rapidly,  bcii^  deno^ted  in  vanoos 
organs,  and  partly  excreted  by  the  bile  and  urine.  The  kidneys  silow  degeuetaUva 
changes  and  local  inllltratit.iit  with  cholesterol  (K.  Dewey,  1916). 

PnjLgocjrtosis  and  Antibodies, — In  rabbits  and  guinea  pigs,  injections  lower  phago- 
cylosisby  dictclacliouonlhcleucocytes.  They  also  delay  antihody  formation  (I)cwcy 
and  Nuzum,  1914).  Rurnctc,  191^,  slates  that  it*  injection  accelerates  the  growth  ci 
experimental  cancer.    The  division-rate  of  Paramecium  is  increased  (.Browder,  iQiO. 

Atheroma. —  Feeding  or  injc-clions  of  cholesterol  produce  arterial  lesions  in  rabbits 
{Walker  and  Hueck,  1913;  Ignatowskt  and  Chalatow;  Adlcr.  1914;  Denny  and 
FroihinRhatn,  1914);  alsii  degenerative  changes  in  the  suprarenal  cortex  (Knack, 
1915I.     Less  m.irked  arterial  changes  arc  produced  in  guinea  pl^s  (Bailey,  igis). 

Therapeutic  Use. — In  paroxy>mid  bcmogWbinuria,  Pringshcim,  1913  and  iQlj, 
npoTir.  partial  success  from  *ix  intramuscular  injections,  on  alternate  days,  *ach  of 
S  c.c.  of  10  per  cent,  cholesterol  crouhioij.  The  action  did  not  outlast  the  admtnit- 
tration.  Reicher,  190^!,  in  ppmiicious  anemia,  administered  it  by  mouth,  3  Gm.  in  too 
c.c.  of  olive  oil,  daily,  in  tablespoon  doses.  The  preparation  ot  a  nutery  emulsion  (oc 
intravenous  injection  is  described  by  Dewey,  1916. 
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General  Statement — Aconite  owes  its  activity  to  the  rather  unstable 
alkaloid  aconitin.  This  is  a  peripheral  and  central  slimulani  and  depres- 
sant. Locally,  the  peculiar  stimulation  (tingling)  and  anesthesia  (numb- 
ness) of  sensory  nerves,  without  inflammatory  phenomena,  is  used  against 
neuralgic  and  rheumatic  pains.  Systemically,  therapeutic  doses  pro- 
duce mainly  a  slowing  of  the  heart  (central  vagus  stimulation)  which 
is  employed  to  some  extent  in  sthenic  fevers.    Larger  doses  are  highly 


1 


ACONITE 


423 


toxic;  producing  great  general  depression,  extreme  irregularity  of  the 
heart  (mainly  by  direct  action  on  the  cardiac  muscle),  and  death  by  arrest 
of  the  respiration  or  heart. 

The  tincture,  the  most  commonly  uscH  preparation,  now  contains 
10  per  cent,  of  aconite,  in  both  the  U.S.P.  and  B.P.  (In  the  older  editions, 
the  strength  was  35  per  cent.  U.S.P.,  5  per  cent.  B.P.  These  differences 
must  be  remembered  in  connection  with  the  older  clinical  papers.) 

Historical. — The  toxic  propcrtiw  oJ  aconite  were  known  to  the  ancients;  however, 

tlicrc  is  cun?idcrablc  confusion,  since  the  Roman  poets  used  "  Aconite  "  to  denote  vegc- 

Ul)Ic  p«»i^ni  ijeneraUy  (Fleming).     Various  spocics,  most  of  which  ar«  losic.grow  in 

different  parlsof  the  world.     Tliey  were  uwd  as  arrow-poisons  by  the  ancient  Chinese 

Aod  Gauls.    The  therapeutic  u»c  dates  from  .\nlon  Stoerck  ("  CJbscn'ations  on  the  Use 

of  Cotiium,  Stramoniuin,  AcuniU",  and  Cukhicum,"  1763),  who  dcscriljecl   the   tin^tiag 

irithout  reddening  or  coiroftion,  the  .<>aIiv3tion  and  sweating,  and  proposed  its  use  afjainst 

rheumatic  and  neuralgic  pain,  and  for  "dissipating"  swellings  and    healing    ulcers. 

Alexander  Fleming,  of  Kdinhurgh,  184;.  puhlisued  a  comprehensive  experimental  and 

cliJiical  "inquiry"  of  Aconitum  Napcllus,  wliLch  is  still  a  good  model  lor  tiierapeutic 

ot»»«:rvalii>n.     AcunMe  is  a  favorite  rrmedy  of  the  homeopathic  school. 

Cliemistry  o(  Aconitin. — The  chkf  active  constituent  of  Aconitum  XapcUus  is  the 
xlk-^Kud  A'tinilin,  Mhtch  occurs  in  a  crystalline  and  amorphous  form,  It  is  Lhemiciilly 
*r»  acetyl- bcnzoyl-cster  of  acontn,  a  base  derived  from  quinolin  (llhrcnbcrg  and  I'ur- 
ffi,«-^t|.  It  dcccmpojcs  readily,  even  on  boiling,  with  water,  into  benzoyl  aconin  (Ptcro- 
ac=<3mtin,  Iso-aconitin)  and  this  agnin  into  aconin  (Freund  and  Ileck,  1894).  They 
h-aa.  -%-e  the  same  actions  as  aconitin,  but  picroaconitio  is  only  about  ^^n  ^^  strong  as 
ac::<:>Dilin,  aconin  Hooo-  These  and  pnmubly  other  decomjHisitLon  products  preexist 
in.  'Ciiedrug,  and  are  probably  formed  in  itsextractiooBond  especially  in  the  mantifncture 
of     -Cihe  alkaloid. 

C«mmenuji  " AcoHtttHs"  therefore  usually  represent  mixtures  of  varj-ing  strength, 
»c*nte  being  a  hundred  times  more  active  than  utliers.  This  enormous  variability  is 
ir»«:»al  onfortunatc  in  a  substance  of  so  great  a  toxicity;  and  several  fatal  accidents,  to 
**  V^kJch  it  gave  rise,  have  led  to  the  practical  abandooment  of  the  internal  use  of  aconitin 
ick-      Vhetapeutioi. 

Variability  of  Tincture. — The  tincture  is  aUo  subject  to  variation,  even  when  it  is 
^^^^smically  assayed  for  total  alkaloids.  Kobir^on,  1915,  for  instance,  found  achenically 
'  .yed   sample  praclirally   inartive.     Ilaskrlt  and  pupils,  191S,  find  the  activity  to 

""^  »j  oearlv  1000  per  cent.    The  chemical  assay  is  therefore  useless,  or  rather  harmful, 
*K&^3slioulJ  be  replaced  by  the  bio-assay  descrim-d  in  the  U-  S.  P.,  IX. 

Ottier  cpedes  of  aconite  contain  related  alkaloids,  with  umilar  actions:   Pseud* 
nitin  or  NVpalin;  Indacouitin;  Blkhaconitin;  Jupacomtin,  etc. 
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Local  Actions. — /«  the  mouth,  aconite,  even  a  small  quantity  of  dilute 
8c>X  utions,  produces  a  pecuHar  warm  and  Unfiling  sensation,  a  sour  rather 
A»-^m  bitter  taste,  followed  by  numbness  and  anesthesia.  The  lips,  tongue, 
*-^*<J  mucous  membrane  of  the  mouth  and  throat  feel  as  if  swollen.  The 
'*^^>"w  of  saliva  is  increased  rcflcxly.  The  apparent  irritation  is  not  accom- 
^^»iied  by  redness,  pain,  objective  swelling,  or  other  sign  of  inflammation. 
'  •^    is  therefore  purely  sensory. 

Analogous  effects^ — ^heat,  tingling  and  succeeding  numbness,  witliout 
***Gammation,  are  prodticed  in  any  other  situation  to  which  the  drug 
•"^^y  be  applied;  and  even  on  the  systemic  administration  of  large  doses. 
From  the  skirff  water.'  solutions  are  but  slightly  absorbed,  and  friction 
*^*Visl  be  employed  to  secure  the  local  effect.  Oily  solutions  and  ointments 
**'«»l>sorbed  readily. 

j«  Bi»-Assay. — The  tingling  sensation  in  the  mouth  was  proposed  by  Squibb  for  the 
■^^Wification  and  estimation  of  aconite,  and  isstill  one  of  the  most  satisfactory  methods. 
'  ^J'hision  of  the  isolated  frog's  heart  h  sensitive  to  aconitin  in  dilution  of  two  in  a 
^*Uiwi  (O.  B.  koth.  tgi  j).  The  fatal  dose  for  guinea  pigs  has  been  adopted  by  the 
^  -S,P.  ai  the  most  practical  test. 

.      £?(.— Fleming  chims  that  the  application  to  one  of  the  temple*  or  one  side  of  the 
'^^waj  may  produce  more  or  leas  (temporarj)   ^Undness  on  that  side.    The   ftipih 
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are  then  dilated,  presumably  to  admit  more  light.    The  application  to  ihe  conjunctiva 
constricts  the  pupils.     In  systemic  poisoning,  they  are  alw  constricted  until  the 
aspbyxial  dilation. 
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Therapeutic  V se  oj  the  Local  Action. — This  is  used  for  the  relief  of  tootff 
ache,  neuralgia,  migraine,  rheumatic  and  other  similar  pain.  For  this 
purpose  it  may  be  employed  by  thorough  friction  of  the  tincture,  un- 
diluted or  with  the  addition  of  i  to  to  parts  of  soap  Hniment.  Thi&  is 
probably  as  effective  as  the  expensive  Unguentum  .^conitinae  (2  per  cent.). 

Fleming  claims  that  the  InlernaJ  U5e  of  the  tincture  is  often  more  effective,  iocreasJiu 
the  dosage  from  about  t  c,c.  u(  Lhc  U-S.P.  tincture,  three  times  daily,  until  the  full 
therapeutic  clTccl  (pulse  of  54,  lethargy,  etc.)  is  obtained. 

Systemic  Effects  of  Therapeutic  Doses. — These  consist  mainly 
a  more  or  less  pronounced  slo-uAn^  of  the  heart  rate,  to  60  or  54  beats  per 
minute,  according  to  the  dose  and  the  susceptibility  of  lhc  individual. 
The  pulse  is  also  softer  and  weaker,  but  remains  regular  as  Ion     as  the 
dosage  of  slowing  is  not  surpassed.    The  blood  pressure  falls  slightly. 

The  therapeutic  slowing  (which  is  often  absent  in  anesthetized  dogs) 
is  due  mainly  to  stimulation  of  the  vagus  center,  for  it  is  practi 
absent  if  the  vagi  have  been  divided  {S.  A.  Matthews,  1897).  _ 

The  typical  slowing,  which  occurs  in  one  and  one-half  to  two  hours 
if  the  tincture  has  been  taken  by  the  mouth,  is  preceded  by  subjecthe 
sensations  of  evanescent  warmth,  and  persistent  numbness  and  tingling, 
beginning  in  the  finger  lips,  and  extending  along  the  arm,  as  the  dosage 
is  increased.  The  respiration  is  moderately  slowed,  and  more  or  less 
labored.  With  the  full  therapeutic  dosage,  the  patient  is  weak,  giddy^ 
confused,  lethargic  and  cold.  These  phenomena  last  for  three  to  five 
hours,  and  are  as  far  as  the  therapeutic  action  should  be  carried.  They 
are  produced  by  doses  corresponding  to  0.15  to  o,^  gm.  of  aconite  (l-'lem- 
ing,  corresponding  to  1.5  to  5  c.c,  (30  to  45  minims)  of  the  10  per  cent. 
U.S.P.  tincture. 

Sveatitti  may  occur  but  is  not  constant.  The  urine  {&  not  increased.  The  ttrnptt*- 
lure  is  not  markedly  uilectcil  by  the  therapeutic  doses.  Diiestion  and  prristclsis  an 
rot  disturliet].     There  ifi  «o  cumtihuivt  acliim. 

Vasomolor  Center.— This  is  not  affected  by  non.toxic  doses.  Toxic  doses,  however, 
produce  a  maximal  stimulation,  more  intense  than  can  be  obtained  from  stimuUtioo  of 
seoaory  nerves)   Illcher  and   SoLlroann,   iQiS). 

InjuAive  Tinctures.— Several  recent  obscr\'enj  {Price,  igii;  Rudolph  and  Cote,  iqii) 
have  been  unable  to  obtain  efftrcts  on  the  pulse  and  blood  pressure,  from  Amall  *Bd_ 
fairly  lafRc  doses,  in  a  variety  of  clinical  conditions.    These  negative  results  are 
ably  ascribable  to  inactive  preparations  of  the  drug,  as  with  Rubin^wn,  1015. 

Therapeutic  nses.^The  slowing  of  the  circulation  has  been  utilized 
in  heart  disease,  in  hypertension,  and  in  sthenic  fevers,  but  is  of  doubtful 
value,  especially  in  view  of  the  total  inefficiency  of  the  doses  ordinarily 
given. 

Stktnic  Pners. — In  these,  it  is  supposed  to  "calm"  the  overactive  heftrt.aDd  lo  [ 
raote  the  action  of  mild  diaphoretic  agents  (spirits  of  niter,  ammonium  acetate,  etc.) 
'  It  b  used  in  this  way  duritiK  Ihe  sthenic  sla^c  of  scute  fevers,  especially  in  children,  (or 
the"al>ortion"  of  colds.  According  to  Ringer,  it  is  adminiMered  in  small  and  fre<iuenl 
doMS  C3  to  5  drops  of  the  10  per  cent,  tincture  for  adults,  at  &rst  every  Bftecn  minute: 
for  two  hours,  then  every  hour,  until  the  pubc  returns  to  normal),  and  only  for  tlic 
first  day  of  the  fever,  to  avoid  depression.  It  is  difficult  to  judge  its  usefulness  under 
such  conditions. 

Cardiac  Cnndititms. — Aconite  is  plainly  conlrnindifolfd  in  incompensated  valvuiar 
lesions,  since  it  would  reduce  the  already  defective  mass-movement  o(  the  blood.  Theo- 
reiicaLy,  it  might  be  indicated  in  f  unclional  overactivity  of  the  heart,  in  eacesKve  h>'pcr- 
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t.rophy,  and  id  acatc  inOaimnaUirv  conditions  of  the  heart.  In  all  of  these,  a  slowing 
of  the  beats  h  desirable.  In  (act,  however,  the  s&me  effect  can  be  obtained  by  the  more 
desirable  expedieat  of  simple  rest  in  bed.  The  use  of  "cardiac  dcprcssaata  "  is  now  almost 
obsolete.  Other  dnjgs  wmch  have  been  employed  for  this  purpose  arc:  Sparlcin,  Vcra- 
CTom.  Cokhicia  and  Potassium  ults. 

Byffrienswn. —  Fairly  large  dose*  of  the  tincture  (15  to  as  drops,  four  times  daily) 
faATC  been  tried,  but  with  doubtful  results.  Thomson,  IQ14.  clainu  that  it  lowers  blood 
fvreacore  and  increases  the  elimination  of  urea  in  interstitial  nephritis.  Pierson,  iQtj, 
^Acaincd  wty  tittle  rr^ulr. 

EFFECTS  OF  LARGER  (TOXIC)  DOSES  OF  ACONITE 

Mflmtnalign  Circulation. — If  the  iherapeutic  dosage  is  exceeded, 
t-fcc  primary-  slowing  of  the  heart  rale  turns  rather  suddenly  into  quick- 
«rxiing,  accumpanied  by  arhythmia,  which  finally  becomes  extreme. 

Tifxic  doies  greatly  increase  the  force  and  especially  the  rate  of  the  heart,  at  the  same 
K.Sne  FCndciing  it  extremely  arh ylhmic.  The  heats  may  occur  in  groups,  as  with  dif^talis. 
TtJK  heart  Anally  goes  quite  suddenly  into  delirium  cordis,  and  stops.  Uuring  the  car- 
tS.^-i' ftiges  of  this  action  the  bli>od  pressure  is  eslreracly  variable,  according  to  the  vary- 
ing force  of  the  heart,  and  the  successive  stimulation  and  depression  of  the  vasomotor 
c«r»iict.  Toward  ihc  later  stages,  the  pressure  drops  severely  (Matthews,  1897;  for 
iK-iher  details  of  the  interesting  cardiac  irregularities  consult  Fleming,  page  ^t\  and 
'«^shny,  igop). 

The  caidiac  effects  are  due  partly  to  stimulation  and  depression  of  the  vagus  and 
•^^■ederator  mechanisms,  but  mainly  to  direct  action  on  the  cardiac  muscle;  the  cxcita- 
hifiJLSty  of  the  latter  is  greatly  increaseil,  si^mewhat  as  Kith  digitalis  (which  see).  The 
4  vjBmckening  occurs  even  In  the  nervc-frec  heart  of  the  embr>'onal  chick;  in  mammals  also 
■C      %3  Kcn  after  all  tlie  nerve  endings  in  the  hcurt  luivu  been  paralyzed  by  a{>ocodcin. 

The  isolated  mammalian  heart  (Ilcdbom-Langendorff)  shows  the  following:  The 

-t  effects  are  inconstant;  the  frequency  is  then  enormously  increased  and  amplitude 

ned  below  what  is  accounted  for  by  the  quickening  (increased  irritability  ana  weak- 

Imuacte).     Then  follows  a  tran^cnt  increa»«  of  amplitude  (muscular  stimulation), 

_  Iben  sudden  stoppage  of  left  ventricle  (paralyMs  of  automatic  property).    The 

:Sit  ventricle  and  the  auricles  make  a  few  more  contractions'.     Caffein  may  start  a 

cheats. 

Actioa  <jl  Aconite  on  the  Frog's  Heart — These  are  practically  identical  in  the  Intact 
"■'*:^>xr  and  in  periiLsed  excised  heart.  They  are  therefore  peripheral.  They  consul 
'~  \'\y  in  heightened  irritability  of  the  auricular,  and  especially  of  the  ventricular 

iT'  iliMurbed  conduction;  lessened  contraction  intensity,  and  finally  paralysis. 

^  ''^^MccessiveclIectsaredescribcdusfollowsCBoehm,  1871;  Hartuog,  1911;    F^iemwr, 
'»  -m.  i): 

I.    Prtliminary  jloatHg  Li  sometimes  obser\'cd.     It  is  probably  due  to  stimulation 
he  vagu^  endings. 
_        J.    >(cfi!/<rj/inB.— Rather    suddenly    the    b&its   become   quickened    and    at    first 
*"■-  v.±agtbened.     The  .iri:dcn»tiiin  1:*  altribiite*!  to  heightened  irritability  of  the  cardiac 
"^-^ade.    The  time  of  contraction  and  the  refractor)-  phase  arc  shortened. 

J.  Intfdrdin<uioH. — Ventricular  exlru-systolesappi'»r(even  when  the  auricles  are  re- 
J^'^^^rcd).  The  rate  of  the  ventricle  increases  above  thai  of  the  auricle,  at  first  in  a  rega- 
~^^  Yatio.  The  combination  of  the  two  rates  results  in"  periodic  dissocialion"  or  grouped 
^^^^■<i.  As  the  rate  continues  to  increase,  the  contractions  can  not  be  maintained 
TBfc^ajUr.  and  become  extremely  inco^irdinated,  rwulting  in  the  characteristic  "pcristat- 
'.^      'f^l  the  heart-muscle     This  begin*!  in  tlie  auricles,  but  * 


It 


soon  extends  to  the  ventricle. 
^^ooiists  in  vermicular  movements,  in  which  the  blood,  instead  of  being  propelled, 
"^^Cfcrdy  moved  about  in  the  heart.  The  locaUzcd  contractions  may  lead  to  a  roulbcriy 
"^pa-wrance.  etc.  Sometimes  the  contraction  sequence  is  revcreed  so  thai  the  ventric- 
^^«"  contraction  inili.itcs  the  auricular  beat.  These  irregulantie^  may  alternate  with 
?^*^odsol  quite  normal  beats.  The  regular  rhythm  can  often  be  restored  by  stimulating 
^^    accelerator  ner\e. 

^.    Standt$iU. — The  extreme  irregularity  alway«  puses  oS  after  a  time,  and  Is 

jT^^eededhy  stow  and  weak,  but  fairly  rrgular  contractions,  except  thai  the  ventricles 

^^'  much  ilowcr  than  the  auricle*.     Eventually  the  ventricles  stop  relaxed,  and  then 

**^  auricles,  usmilly  rather  suddenly.     Atropin,  accelerator  sttmulalioa,  or  direct  stirou* 

'•on  may  start  a  few  rhythmic  heats,  hut  Ihc  contractility  is  soon  lost  completely. 

.    BMR-testfor  Aconitin.— The  peculiar  heart  "peristalsis"  is  the  most  delicate  and 

^'^^racieristic  lest  for  aconitin.     Fuehuer,  1911,  rould  thereby  detect  ^00  mg.  in  intact 
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frogK  unci  HjBQI  ^-  '"  excised  hearts.  Similar  cfTecU  arc  produced  by  the  rrlated 
Delphimn.  The  Digitalis  group  also  produces  peristalsis,  but  this  is  of  short  duration 
and  fiiUuwi-d  by  systolic  standstill. 

Skeletal  Muscles  and  Motor  Nerves. — Stroni^  concentratioiu  of  aconitin  at  fint 
slirautale  and  then  parulyzc  the  motor  nerves  pcnphe rally.  The  slimulntion  is  mani- 
fwied  by  fibrillary  Witching,  occurring  In  muscle -ncn'C  preparation,  spontaneou&ly  oc 
especially  after  stimukliun  of  the  Ber\T.  The  threshold  of  stimulaliua  is  lowert ' 
The  twitchinRft  do  not  m-cur  after  curare,  and  must  therefore  be  in  the  endings.  Thi 
cnay  be  seen  in  living  animals.  The  subsequent  paralysis  of  the  nerve,  and  eventually 
of  the  muwle  substance,  «in  not  occur  during  life,  sinctr  the  dose  and  the  time  required 
are  greater  than  what  would  paralyze  the  heart  (HarluiiK,  loii).  The  allied  Delphinin, 
however,  ha:^  bceu  n.-cijiiuncnded  as  a  >ubslitule  for  curare  in  frog  work  (Schiller,  1904J. 

Infusoria  and  plants  arc  al^o  killed  by  aconite  (f'lcming). 

Respiration. — This  is  prngresMvely  Mowed  in  proportion  lo  the  dose  (F1emiag)<. 
It  is  also  labored  and  the  later  stages  become  irregular.  The  slowing  bears  a  supo^ 
ficial  resemblance  to  that  of  tagua  stimulation;  but  since  it  occurs  also  after  section  of 
the  vagi  (Bochm  and  Wartmann,  1873),  it  roust  be  due  lo  direct  depressjon  of  the  re- 
spiratory center.  It  is  characterised  by  longer  ejipiratory  pauses.  Primary  increase 
m  respiration  has  been  rlAimed  (CiAh  and  Dunstan;  Anrep];  but  it  Is  small  and  incnn- 
stant,  and  probably  due  to  other  factors  (Hartung.  191  >)• 

Temperature. — This  fulls  in  severe  [Miisoning,  because  of  the  collapse  and 

rint  paraly&is  of  heat  regulation.    The  temperature  of  the  animal  falls  and  rises  wtlii 
cxtcnuu  temui-nnure  (Bruutun  und  Casfa,   i&Sti). 

Summatton  of  Dosage. — The  influence  of  this  on  temperature  has  been  Btadied  by 
Cash,  I90fi.  He  found  an  imperfect  summation  of  effect  if  the  do&e  is  repeated  at  sum- 
cienlly  cloiie  interval.  Hut  if  thU  exceeds  two  hours,  the  later  doses  may  produce 
actually  less  cHcct,  i.e.,  the  tempemturc  may  not  fall  as  low  as  with  the  first  dose. 
Rcptiilrd  adminiilratitm  prorluces  some  tolerance  in  rabbits  (Hartung,  igta). 
Reflexes. — These  are  diminished,  on  account  of  the  sensory  paraiy^. 

SYMPTOMS  OF  ACONITE  POISONING  IN  MAN 

With  very  large  doses  death  may  occur  almosi  instantly — probably 
from  paralysis  of  the  heart.  With  moderately  toxic  doses  the  following 
picture  is  seen:  Tin^iin^  in  mouth,  stomach,  and  skia  (the  most  imporkint 
diagnostic  feature);  excessive  salivation;  nausea^  retching,  r^miVinj^,  and 
diarrhea  (the  mechanism  of  the  emesb  is  central;  Eggtcston  and  Hatcher, 
191 5).  The  burning  passes  into  anesthesia.  There  is  great  restlessness. 
The  pulse  is  slow  and  feeble,  later  arylhmic  and  very  rapid.  Respiraiion 
is  dyspneic.  There  are  muscular  weakness,  incobrdination,  vertigo. 
The  skin  is  cold  and  IK-id.  The  pupils  are  first  constricted,  then  dilated 
from  the  asphyxia  and  cnn\*ulsions.  The  inteliii^ntre  does  not  tisually 
suffer,  but  there  may  be  stupor  and  even  unconsciousness.  The  special 
settses  at\d  speech  may  be  impaired.  Convulsions  are  common.  Deaik 
may  occur  by  heart  paralv-sis  or  by  paralysis  of  the  respirator}*  center 
(the  heart  beating  after  dta.th;  Fleming).  The  symptoms  may  appear 
almost  instantly,  and  arc  rarely  delayed  beyond  an  hour.  In  fatal 
[wisoning  death  occurs  usually  in  Iwo  to  six  hours.  There  are  no  constant 
postmortem  changes. 

iUit>laf,y. — Acfidtntal  poiitming  from  the  fresh  plants — which  as  monk's-hood  and 
the  related  larkspur  are  quite  common  in  gardens-  as  also  from  liniraeats,  etc  ,  '\i 
quite  frequent.  On  account  of  the  Mnall  dose,  the  absence  of  postmortem  signs,  and 
Ijie  difficulty  of  chemic  proof,  aconitin  has  recently  become  quite  a  favorite  for  luictdul 
purposes.  Tlie  use  of  ihr  plant  for  (rimitml  fwisottiitg  is  vridety  spread  in  the  East. 
The  symptoms  are  so  unmi:»iakabJc — especially  the  tingling — that  it  has  not  found  miaiiy 
use^^  in  tiviliwt]  cuunlries. 

Subtoxic  Effects  in  Han. — .\crording  to  Fleming,  0.5  Gm.  of  Aconite  produces 
aggravaliua  of  the  therapeutic  effects,  of  the  subjective  symptoins  and  Icthaigy  vilh 
anxiety.  The  pulse  may  cither  l»e  very  slow  (to  ^6)  and  regular,  or  more  often  increAiM 
suddenly  to  7oorSo,and  bccomessmall,  weak, and  more  or  less  irregular.  The  quicken- 
ing may   occur  without  any   preliminary  slowing.     Robinson,  1415,  observed  extra- 
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sytuln  without  other  efTccts.  Thcr  respiration  i»  also  irregular.  The  tcmpcnilurt-  falls 
further.  There  U  generally  votnitiDg.  These  symptoms  do  not  entirely  subside  for 
vDc  Of  I  wo  d.i>>. 

Dugeroos  Effects. — With  doses  of  0.67  Gm.  of  Aconite,  the  colUpse  becomes  pro- 
nounced, with  pale  sunkca  face,  froth  at  mouth,  nod  extreme  proiitration.  Conscioui- 
ntsA  rrnuiirvs,  perhaps  with  sUi^bt  delirium.  The  voir«  is  very  weak  or  lost.  The 
pulse  is  very  samll,  weak,  and  irrc^lar;  the  respiration  very  imperfect.  The  slun  is 
coU  and  clammy.     The  patient  may  ret:nvi;r  with  treatment. 

Pstal  Effects. — The  patient  is  either  conficiou^  or  mildly  delirious,  and  becomes  en- 
tirely blind,  di-af  andspectbk^s.  The  pupils  art- dilated.  There  are  Rcntral  muscular 
tremors  or  slight  convuhioo-'^;  the  heart  Wat  becomes  imperroptihie.  The  temperature 
continuc-i  u.  iall.     I-inally,  the  heart  stops,  more  or  Icfs  abruptly. 

The  fatal  dose  is  uncertain;  According  to  Lewin,  death  has  occurred  from  a  to  4  Gm. 
of  Aconitci  recovery  from  7  Gm.;  with  atonilin,  death  has  occurred  with  4  mg.,  recovery 
with  13  mf;.     Fothersill  stalei  that  it  is  more  fatal  foryounf;  rabbits  than  for  adults. 

Absorptkm  and  Excretion. — The  absorption  occurs  readily  from  mucous  membranes; 
^ohiilic  and  oily  solutions  are  absorbed  frnm  the  skin.  Ix>nni)  states  that  it  is  ex- 
creted promptly  by  the  urine,  feces,  saliva  and  iDtcstinal  mucosa. 

Treatment  of  Aconite  Poisoning. — Tlic  common  alkaloidal  antidotes 
and  evacuation  should  be  employed.  The  symptomatic  treatment 
should  be  mainly  stimulating:  warmth,  ammonia,  brandy,  stiychnin, 
atropin.  Artificial  respiration  is  often  life-saving  (Lewin,  1875).  In 
extremis,  cardiac  stimulants  (epinephrin  or  strophanthin)  should  be 
used  intravenously. 

Antagonisai  of  Acotiite  and  Di^talis. — This  was  proven  b^  FolhciKiU,  1^71.  but 
he  bJm)  showed  that  the  effects  of  di^iulis  with  ordinary  admintstration  are  too  slow  to 
be  of  practical  value. 


PREPARATIONS — ACONtTE  GROCP 


Ac^ilym,  U.S.P.;  Aeon.  Rad..  fi.P.;  Aconite  (Wolfsbane,  Monkshood).— The  dried 
tubcfOBs  root  of  Aconitum  Kapcllus,  >ield)ni;  n*)t  less  than  0.5  per  cent.,  U.S.P.,  0.4  B.P., 
of  alkaloids.     Frequently  cultivated  in  gardens.     All  part?  01  the  plant  arc  poisonous. 

Ejtt.  AamU.,  U  S.t*. — .\  powdered  extract,  representing  about  i  percirnt.  of  alkaloids. 
JTm*,  10  mg.,  .4  gr.,  IJ.S.I'. 

Ftdrxt.  AcohU.,  U.S.P. — /\bvut  0.5  per  cent,  of  alkaloids.  Dost,  0.03  cc,  H  minim. 
U.S.P. 

'Trnttura  Atonili,  Tr.  Aconit.,  ir.S.P.;  Tr.  Aeon.,  B.P.— 10  per  cent,  of  drug,  0.05 
per  cent-  ol  alkaloid,  U.S.P.;  0.04  per  cent.,  R.P.  Misciblc  with  water  or  ale.  Dtut, 
0.3  c-c,  s  minima,  U.S.P.;  0.1 3  too-jcc,  3  to  5  minims,  B.P.  Maximumdosc,  o.;c.c., 
S  minims.  Tlie  tinctures  of  the  older  pharmncopeia-s  were  of  different  sttcagta:  35 
per  cem.  in  U.S.P.  until  1S90;  5  percent,  in  B.I',  until  1915. 

/Jf.  Afon.,  B.P. — o.a  per  cent,  of  alkaloids,  3  per  cent,  of  camphor,  in  alcohol. 

Aeimilina,  U.S.P.,  B.P.;  Acoailin,  CiJUtN'O*. — The  mo&i  active  "crystalline'* 
acnnititi.  Very  nlifthtly  sul.  in  water,  Mil.  in  ale  (t  :  iK}.  Doxe,  0.15  mg.,  }^aB  Sr., 
%JJS.V.,maxim'at  doM,  o.^  mg.,  )^oq  St-     Ih  internal  use  m  not  advisabU. 

Umi.  Atonitin,  B.P. — i  per  cent. 

iTeif  AtntiiMt.— The  various  species  of  Larkspurs  contain  alkaloids,  which  are  closely 
related  to  Aconitln,  chemii\tlly  ami  pharmacologically.  They  have  often  caused  poison- 
uiK  in  children  and  in  cattle. 

St^pkho^,  U.S.P.;  Stapkisat.  Sem..  B.P.  (Stavcsacre).  — The  ripe  weds  of  Delphi- 
Man  Staphisagria.  Dose,  0.06  tfm.,  i  gr.,  U.S.P.  It  is  used  locally  against  p«Uc- 
oloib  capilis  or  pabb,  in  the  form  of  the  10  percent.  Ointment  {R.P.),  or  as  the 
Fhlfaiextract  (l7.S.r.)  dilute<l  with  %  to  10  parts  of  •'onp  liniment.  It  causes  considerable 
local  irritation,  and  »metiines  ecxema  (Lewin). 

fUnt.  Stapbisai:  U.S.P. 

Umt.  Slapkisati  B-P- — m  per  cent. 
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VERATRm  (CEVADIN) 


General  Statement.— Various  species  of  Veratrum  (Green  and  While 
Hellebore),  Cevadilla,  Zygadcnus,  and  other  Liliaceous  plants  contain 
mixtures  of  related  alkaloids.  These  arc  esters  of  definite  bases  and 
acids,  related  to  Aconiiin  both  in  structure  and  action. 

"Veratrin"  is  a  mixture  of  alkaloids,  extracted  from  "cevadilla" 
seeds,  which  owes  its  activity  mainly  to  Cevadin.  It  must  not  be  con- 
fused with  Veratrum  and  its  active  constituent,  Pro  to  veratrin,  since 
their  actions  differ  in  important  particulars. 

Veratrin  produces  a  characteristic  prolongation  of  muscular  contrac- 
tion of  considerable  physiologic  interest.  Therapeutically  it  is  rarely 
used  as  a  counterirritanl  in  neuralgic  conditions,  and  as  a  parasiticide 
against  pediculi  capitis. 

CompofiitioQ  of  Veratrin. — ThtK  han  been  studied  especially  by  Wright  and  Luff, 

1878;  and  Allen,  1S06. 

The  princip»il  totfstitutnt,  both  in  quunlity  and  action,  is  thr  cr>'5tNlliuc  Crrodin, 
CiiHijNO,,  the  mclhylcrotonic  csut  of  the  base  ccvin.  It  is  n<a  present  in  Vcratmm 
■Itiuiii;  traces  arc  said  to  occ:ur  in  Veratrum  viridc.  but  this  is  doubtful. 

The  second  important  alkaloid  of  "veratrin"  is  the  amorphous  Ve/atridin, 
CiiHijNOii,,  the  vcratric  ester  of  vcrin.  This  is  the  "veratrin  of  Wright  and 
Lufl."    Il^  eCTcirts  a^tce  qualitatively  with  those  of  cevadin  (Boehm  and  Lifuauer). 

The  rommcrrial  "  vertitrin"  contains  smiill  quantities  of  at  least  three  other  alkaloids: 
Ccvaditlln,  Sabadin,  and  Sabadlnin.     All  these  are  but  weakly  active. 

Zygadenus!Iltiaili  Carnas),UIiacea.  a  poison  plant  of  Western  *tock-rangw,  owes 
its  toxicity  to  veratrin  bases.  It  contains  at  least  sabadin,  sahadinin  utid  veratrmlbto 
(SUde,  1Q05).  The  actions  uf  the  Z>'gadcnu»  alkaloids  have  been  studied  by  MitcfaeD 
and  SmiUi,  iqii.    A  comprehensive  Utcrature  is  giveo  by  Marsh  and  Clawson,  1915. 

Action  on  Striped  Muscle. — This  consists  in  a  characteristic  modi- 
fication of  the  muscle  substance,  so  that  it  responds  by  a  prolonged  tonic 
contraction,  even  to  a  single  stimulus. 


Vm.  at.^N(iratal  vetaU-in  cuivcs.  s&nwinu  prtmjvy  (a  .         .1  and  KctxtnAary  \h. 
Gaatmcnemii  •>(  rfillrrent  ffogs,  air  IvrnpcTKturv,  natural  star. 


.)  Cant 


Pkenamtna  in  Itilact  Frogs.-~Vi'\ien  &n  animal,  and  espedally  a  frog,  baa  bcoi 
poisoned  with  veratrin,  it  shows  very  striking  peculiarities  in  its  movxmcats.  It  cao 
contract  its  musdrs  with  ordinary  quickaess,  but  it  caa  Dot  t€Covei  lU  fonnet  potitioa 
for  iome  little  time  (v.  Bciold,  186C1). 
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Form  of  the  Muicie  Curw. — The  reason  for  this  bcha\nor  can  be  dcmonst  rated  on 
boUted  muscle,  ^xogi  are  most  convenient  for  this  purpcwi-,  but  identical  phenomena 
otvur  in  mammalian  mu*i.!e  (.Quiigiaricllo.  1013) '.  If  a  vcratrinizcd  mu&cle  is  slim,ulated 
with  a  ^ngle  shock,  the  ascent  of  the  itiusolc  curve  is  as  abrupt  as  usual,  but  llic  relaxa- 
tion is  enormously  prolonged  (Fig.  21).  The  muscle  rcraams  in  what  appears  to  be 
compMe  tetanus,  although  it  is  really  a  single  contraction. 

The  Coniracinre  is  net  a  Tetanus. — If  the  nerve  of  n  normal  muscle-nerve  preparation 
is  laid  oD  the  vcratrin  muscle,  a  single  shock  sent  into  the  latter  causes  a  single  twitch 
*t  the  normal  mu&clc,  and  not  a  tetanus  as  would  be  the  case  if  (he  vcratrin  muscle  were 
jeaHy  utaoixed  (Fide  and  Bochm,  iS^i). 

the  Contracturr  ii  Jc/irr.  — The  muscle  ia  able  to  sustain  a  considerable  weight 
"duoagfaout  its  contraction;  the  prolongation  of  the  curve  i*  therefore  not  due  to  a  mere 
t<ai «  clastidt)',  but  is  an  active  proces<i.  This  is,  aLao  shown  by  the  fact  that  the  for- 
nation  of  heat  and  (he  use  of  material  is  increased  (Fick  and  Bochm).  The  tension, 
cbe  height  and  quickness  of  contraction,  the  irritability,  the  lifting  and  sustaining  power 
oi  the  muscle  arc  all  raided  by  veratrin  (Drc«cr,  iSqo),  so  that  wc  must  look  upon  its 
Action  as  an  increase  of  functional  activity.     It  also  lessens  the  effects  of  fatigue. 

JnfiucHce  of  CendUioHs. — The  cFTcct  of  veratrin  is  enhanced  by  agencies  which  sUmu- 
lale  the  muscle,  such  as  moderate  heat. 

It  is  diminished  by  depression  of  the  muscle,  produced  by  cold  or  excessive  heat; 
by  fatigue  (Fig.  2^);  or  by  muscular  depressants,  such  as  potassium  or  ether. 

<  If  the  veratrin  action  is  weak,  cold  increases  the  contracture,  probably  by  adding  its 
oira  contracture  to  that  of  the  veratrin.— .Sollmann.) 


at— BScct  of  (ktigue  on  veratrin  curve:  a.  normal  veratrin  triiciiDi;  (*,  ollet  (Mrtl^l ffttisue; 

^h  lutunU  fliie. 

-^towMa  peak  Curve. — A  careful  inspection  of  veratrin<nrvcs  generally  reveals  two 
^■**jartion»  (Fig.  21):  a  primarj'  contraction  (j),  which  occurs  with  the  normal  rapidity, 
"«*■  i*  wmewhai  higher  than  normal,  and  whith  tcmis  to  relax  quickly;  and  a  secondary 
"•*t-r»ction  (fc),  which  occurs  more  slowly  and  lasts  longer.  The  two  contractions  arc 
^I'rtor  less  fused  (v.  Flezold),  but  the  form  varies  wiln  conditions  (Mostinski,  1(304). 
"J'^>"«d,  1&89,  attributed  this  phenomenon  to  the  different  contraction  velocity  ol  the 
*"*l«and  red  muscle  fibers.  C'ervcllo  and  Weiss,  1899,  showed,  however,  that  uniform 
'^'^acles  exhibit  the  same  phenomenon. 

^  fioHrtsai,  1901,  suggested  that  the  veratrin  cun-e  is  due  to  the  fusion  of  two  contrac- 
~*5»;  the  first  peak  reprcsenling  the  normal  contraciion  of  the  fibrils,  and  the  further 
I**tioa  of  the  cur\-c  the  contraction  o(  the  sarcoplasmic  substance,  which  he  assumes 
T*  the  profierties  of  smonlh  muscle.  AccurdinR  to  this  the  vwatrin  action  would  con- 
^  cucntially  in  raising  the  excitability  of  the  sarcoplasmic  substance  above  the 
***ahold.  There  is,  however,  no  direct  evidence  that  the  sarcopla>tm  has  contractile 
"*>ciioni  (Mueller,  1908);  and  the  modern  theories  nf  muscle  contractioa  render  this 
IJ^y  improbable.  Wocbbcckc,  igii,  has  modiflnd  the  theorj-  somewhat.  lie  believes 
".*<  musclr  has  two  dii>tinct  functions,  but  that  these  are  not  specifically  connected 
^th  y,^  histologic  constituents.  Verz4r  and  Fclter,  1914,  attribute  the  action  to 
"^^^oued  scnsitivcncsj  to  normal  stimuli. 

(t*-^*'*'""  '^^^  ifirffUy  on  the.  musili-  siibstanee,  for  the  eflect.*;  occur  after    curare 

.•^*\-OBt,  1867).  and  in  the  ncr\'e-frfc  end  of  the  sartoriua  muscle.     When  a  muscle  is 

'^^nteoed  in  a  dilute  solution,  a  single  stimulus  produces  at  first  a  normal   contraction, 

^*P  fibrillarj-  twitching  (I-amm,  iqi  2).     The  excitability  ol  curarijtcd  musdc  to  direct 

**^trk  stimulation  is  not  increased;  it  is  diminished  by  large  doses  (Bochm,  1913). 

^'^'Ec  doacs  of  veratrin,  however,  piitalyze  ihe  motat  e»ding,!i  without  previous  stimulation. 

SpoManeour  Conlraclion  of  StuscU.^'Vhe  immersion  of  a  muscle  in  veratrin  causes 

*  ^wwly  developing  contracture,  even  in  the  absence  of  spontaneous  stimulation.     High 

™>«Miadoii»  fiaroiyse  ail  forms  of  muscle  completely  (KoelUckcr,  1856). 
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Other  Substances  Produciiis  Veratrin  Effect*.— The  prolonsed  contracti 
is  so  diarndtrisiic  of  vi-ratrin,  \>  by  no  means  contincd  to  this  alkaloid,  but  is  . 
duced  by  Uigitaiin,  Hdleborciii,  Aluwrarin,  Strj'chnin;  by  aldehyds  (Verzlrai; 
191 5).  etc.,  by  cold,  aud  by  very  strong  electric  stimulation.    This  wide  e 
signifies   that   the  phenomenon   is  of  ftuiiiumi-ntal   physiologic  importance.) 
mea&ures  also  prolong  the  contraciion  of  cardiac  and  smooth  muscUs. 

The  Acthn  of  Glycerin  on  ifusck. — The  muadcs  of  frogs  poisoned  with  i 
respond  to  mrrIc  BtimuH  by  prolonecd  contraction,  the  curve  having  a  sup 
resemblance  to  that  of  veratrin,  but  being  rather  more  irregular.  The  elycerin  ct 
tion  is,  how«;ver,  a  true  tetanus,  due  to  grcaler  irritability  of  the  muscle  substan 
action-current  of  each  contraction  sufficing  to  start  another  coatractioa.  Tl( 
nomenon  occurs  also  after  curarixation  (SantC5son,  1Q03).  1 

Nerve  Tninks. — Direct  application  of  vcralrin  lessens  their  exciUi 
(Boehrrij,  1913). 

Circulation. — The  effects  are  complex.  Those  on  excised  I 
resemble  aconite  and  tiigitaiis  (slowing  with  increased  systole).  Ini 
animals,  stimulation  of  the  vagus  center  (Fig.  23)  predominates  a 
(marked  slowing);  later,  the  fall  of  pressure  from  vasomotor  pai 
becomes  prominent.  ', 


L 


Pm.  ai-^^flvodin  (Veratrin)  on  Blood  preaauKt  thowiiu;  the  •timuUtioit  ot  ibe  y»  _ 
Intnvenoui  injection  of  ooa  rag.  per  Kg.  tntu  «imlnelised  ilog;  Artificial  rnpirkt 

itammalian  Circuid/iVm.-rSmall  doses  somclinic<>  cauac  priinar>'  quicki 
heart.  With  larKcr  dos>cs  (0.035-^.05  mg.  per  Kg.)  there  is  sudden  ana  marked  t 
with  correspondmK  fall  of  blood  pre^iure  (Bexold  and  Itirt,  1874;  Liss&uer, 
Pilcber  and  Sollmann.  1915).  The  slouing  i»  greatest  soon  after  the  injection 
with  marked  arythmia  or  temporary  ant*!.  Thh  acute  effect  i-i  due  to  sUmuIa 
the  vngus  center  (sec,  however,  nndcr  Veratrum},  for  section  of  the  vagi  largely 
it,  and  stimulation  of  the  vagus  trunk  docs  not  produce  further  sliiwing  ( 
igo;).  With  divided  vajji,  Inrge  dose*  may  cau«  primary  quickening  and 
moderate  rise  of  blood  prtAsurc  (Bezold;  IMlcher  and  SoUmann"!.  The  fall  of  bloc 
sure  is  mainly  due  to  the  "lowing,  although  some  fall  may  occur  independently  fH 
The  vaMimoior  center  is.  moderalely  -stimul.'ited  by  the  respiralorj*  embarra 
even  when  the  vagi  are  cut.  The  stimulation  dot"*  not  occur  if  arlificiot  resile 
maintained  (Pikher  and  SoUmann,  1915).     Reflex  stimulation  causes  vasoconstd 
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IM€  F.Stciu — The  «:utc  effect  soon  puses  off.     The  heart  then  beat»  with  &  steady, 
moderntely  slowed  rate.     This  slowing  !«  nut  remuvcil  by  atroiMD  and  is  therefore 

The  blood  pressure  falls  progresst%'vly,  occasionally  intcmipted  by  spasmodic  rise 
from  centiBl  vasomotor  sumulalion.  The  strength  of  the  heart  is  not  impaired,  for  it 
rcaxti  well  to  compression  of  the  aorta,  and  beats  cllicicntly  just  before  death.  The  fall 
KSKSAt  therefore  be  vasomotor;  and  accordinRly,  scialic  stiinulalion  or  asphyxia  fails  lo 
raAsc  the  prcs&ure  (Lisssuer,  1SS7).  The  vagus  remains  cxdtable.  The  cerebral  vessels 
A<~^coiatncted  (Dixon  and  Halliburton,  1910). 

The  itolakd  mammalUn  heart  (tledbom-LangendorS^  showg  a  primary  Blowing  from 
scXcnubtion  of  the  peripheral  vagus  mechanism;  then  irregularity,  and  fmally  paralysis 
oC    ibc  cardiac  muscliv     The  tone  is  increased. 

h'ra^i  itairl. — The  eflecls  resemble  aconite  and  digitalis.  They  involve  mainly  the 
vvKxtride  and  consist  in  slowing  (no  further  alowing  on  vagus  stiraulatioo;  Busouet, 
i^^j);  proloageil  systole  and  increased  tonus;  sudden  change  in  the  rate  to  one-naif; 
"peristaltic"  contractions;  and  final  median  standstill.  High  concentrations  cause 
prckmpt  systolic  standstill,  with  continued  shortening.  The  auricles  continue  mudl 
locaser.  The  some  effects  occur  on  the  excised  and  pcrfu.^cd  heart  (Lissauer,  18B7; 
Bo^iini.  igi3). 

CoIUpia  Aetloo. — The  im|Kurment  of  circulation,  combined  with  theemetic  action, 
RSRviJt  in  vuying  degrees  of  coUap^,  and  thereby  fall  ol  temperature,  analogous  to 
vcwairum. 

Kesptntion. — This  is  influenced  by  the  circtJatory  and  convulsive  actions,  and  also 
•fixTCxtly.  It  is  temporarily  arrestee!  during;  the  acute  fall  of  blooii  pressure,  but  may 
be  cicpressed  without  any  chaise  of  blood  pressure.  The  resptrator>-  embarrassment 
^  Kmenilly  diminbhed  by  atropm  or  division  of  the  vagi  (Pitcher  and  Sollmann,  1015). 
Jtmtckiitl  Sftudej. — These  constrict  in  intact  animals  (Dixon  and  Brodie),  but  not 
SB,  Che  excised  trachea  (Trendelenburg,  1913).  Titonc,  1913,  observed  that  vcratrin 
wlMJced  isolated  bronchial  muscle. 

CoovuUtoos. — ThcM  are  commonly  prL-scnt  in  mammals  and  frogs,  and  are  prob- 
£i>l>'  medullary.     Rabbits  and  guhieii  pigs  show  convulsive  "bucking." 
Ccrebnl  Fimctiotti. — These  arc  scarcely-  affected. 

Local  Action. — Ccvadin  is  a  slrong  irritant,  resembling  aconite. 
A.|3ptied  to  the  skin,  it  produces  burning,  later  a  cold  sensation  and  partial 
arie-sthcsia.  with  reddening  and  sometimes  discrete  vcsicalion.  On  mucous 
**^eml>rancs  it  catises  acute  catarrh — sneezing,  cor>'za,  gastroenteritis, 
^l^iiiuing.  diarrhea,  etc.;  wmetimes  with  corrosive  lesions.  The  vomit in;^, 
*>o-^-(.ver,  is  mainly  central  (Eggleston  and  Hatcher,  1915).  In  frogs, 
***c^  secretion  of  mucus  from  the  skin  is  greatly  increased. 

•  ^     The  irritation  is  especially  strong  on  the  abraded  skin;  i :  100,000  solution  prodnc- 
^**  tingling  and  "ahooting"  jKiin  (Sollmunn  and  PJlcber,  1916). 

Therapeutic  Uses. — Veratrin  is  used  locally  as  countcrirrilani,  in 
P^'J  rali;ia.s  and  similar  conditions,  as  2  to  4  per  cent.  ointJiieal.  SabadiUa 
^^^=^s  are  employed  against  pediculosis  capitis  (Salve,  1 14;  Decoction, 
^-^00).  The  irritation  is  severe,  and  absorption  has  caused  serious 
*^*^*iptoms.  The  internal  use  of  veratrin  (against  fever),  even  in  mg. 
*^^^*«s.  has  produced  gastroenteritis. 

« .    AiMorptioa  is  nipld;  little  Is  known  about  the  excretion,  but  it  probably  occurs  by 
'-'»«  kidne>-a. 

fiyaiptoms  of  Poisoning  in  Man.— These  resemble  aconite  poisoning. 

.^  lacy  conMsi  in:     nurninR  in  mouth,  spreading  to  stomach;  irKreased  salivation, 

y^ttritmy,  diarrhea,  abdominal  pain;  anxiety,  headache, giddiness;  pupils  dilated;  pulse 

"***■  aiNl  (eehle,  bier  irregular;  weakness,  twftcblngs  in  muscles.     Death  by  respiratory 

^4  cbculaton,'  cullupse.    Coosdousaeu  preservnl  till  the  end.    Postmortem,  often 

^*^Hinal  evchynmscs. 

^In  nm-falai  dosfc,  the  symptoms  arc  very  slow  in  disappearing,  nnd  a  double  case  of 
*••►  p/nvmimg  by  tontinuwl  small  doses  is  on  record:    The  two  patients  became  very 
^^  and  thin,  suffered  from  bloody  diarrhea,  insomnia,  disturbance  of  the  intellect, 
L        "M  delirium. 

^^H  Thr  trealmenl  is  the  same  as  in  aconite -poisoning.     As  the  veratrin  is  believed  to  be 

^^H      'i^Uly  ncreted  through  the  urine,  it  is  well  to  administer  hot  tea  as  a  diuretic. 

K 
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PREPAitATIONS- 


,'ERATRIN 


Verairina,  U.S.P. — A  mixlurc  of  alkaloids  obuined  from  the  seeds  of  Asagnot 
ofBcinalis.  Very  slightly  !>ol.  in  water  (i  :i76o);  freely  »ol.  to  ale.  (1:3.8).  Its  internal 
use  if.  not  ndnsoblc,  but  it  has  been  given  in  doscsof  2  mg.,  ^^  gr.  Kxtemally,  U  u 
applied  u^  ointnitfnt^  of  2  tu  4  per  cent.     Maximum  dose,  5  mg.,  Hj  gr. 

Instil  /'o-WcA.— The  eowecs  of  Chryianlhemuni  Cinnerariafolmra  contain  as  active 
principle  r>*icthron  (Fujitani,  1909),  a  neutral  N-frcc  syrupy  substance,  with  uctton» 
apparently  rcMrmbling  veratrin. 

A  ndromedolcxin. — This  is  an  N-free  neutral  principle,  isolated  by  PLuKgc  from  rhod»- 
dendrim  and  similar  plants.  It  seecu  to  belong  to  this  group  (Mountain  Laurel- Kalnua- 
poiaohing;  Crawford,  iqoS). 


VERATRUM 

General  Statement.— V'eratrum  v-irtde  and  album  (Green  and  White 
Hellebore)  stem  to  be  mere  varieties  (the  green  American,  the  while 
European),  with  practically  identical  actions  and  composition  (Salzbergcr, 
1885-1890).  They  owe  their  activity  mainly  to  the  alLaloid,  proUnxrairin, 
A  number  of  other  related  but  less  active  alkaloids  are  present.  There- 
are,  however,  wide  differences  of  opinion  as  to  the  constituents  of  Veratrunfc. 
viride  (Cramer,  1915). 

The  effects  of  protoveratrin,  and  therefore  of  veratrum,  are  qualita — 
lively  similar  to  those  of  cevadin;  but  they  differ  verj'  materially  in  their" 
relative  significance:  The  characteristic  muscular  and  irritant  actions  o£^ 
cevadin  are  insignificant  in  protoveratrin.  The  most  important  effects- 
of  veratrum  are  on  the  medulla,  and  especially  on  the  circulation,  re- 
sulting in  vagus  stimulation,  slowed  pulse,  fall  of  blood  pressure,  sweatings 
"callapse-action,"  and  reduction  of  temperature.  It  is  therefore  cm — 
ployed  as  a  "cardiac  depressant,"  Protoveratrin  is  more  toxic  than, 
cevadin,  approaching  aconitin;  but  the  prompt  evacuation  of  overdoses- 
by  emesis  (^central)  renders  veratrum  practically  safe. 

Constituents. — ^Thc  mo^t  Important  alkaloid  of  Vemtnim  album,  although  not  Lhe- 
most  abuudant  (o.oi  to  0.08  per  cent.),  is  ProtovcralTin,  CjjHuNOn.  It  occur*  in  1.. 
cryslallinr  and  a.morphocs  form  (S.-ikberKcr,  iSgo).  The  other  alkaloids  are:  Jtnim^ 
0.1  per  cent.,  wcaJtlyacUvc;  traces  of  AwAyVrriB  (almost  inactive);  the  inactive  p^eudojrr-— 
«n  or  proiovfrairiilin,  which  h  probably  a  decamposilion  product;  the  glyco^td  vera — 
tramin;  and  vcratroidin  and  vcratralbin,  which  are  probably  mixtures  of  amorphous 
bases  (Bull.  Am.  Fharm.  A-^<ific.^  iqi  1,  p.  163;  Kobcrt).  Traces  of  cevadin  have  beciL 
reported  in  V.  viride,  but  arc  doubiful. 

BlACk  Hellebore,  Helleburus  niger,  is  in  no  way  related  to  the  above  veratrum  spcde*. 
Its  active  principle,  ilelleborein,  belongs  to  the  Digitalis  jroup. 

Experimental  Effects  00  Respiration  and  Cu-culation. — The  typicaJ 
effecls  oi  intravenous  injection  ut  veratrum  viride  consist  in  brief  but 
marked  depression  of  the  respiration,  slowing  of  the  pulse,  and  lowering  of 
blood  pressure.  These  eSecta  are  largely  prevented  by  section  of  the  vagi^ 
and  do  not  recur  if  further  doftes  of  the  veratrum  are  injected.  The- 
repealed  injections  generally  produce  maxked  rise  of  bIcKxl  pressure^ 
especially  if  ihc  vagi  arc  iniact. 

The  effects  are  probably  due  lo  protoveratrin. 

Cram4.-r,  1915.  believes  that  the  effects  are  produced  by  the  stimulation  of  tbe- 
afferent  vagus  endings,  producing  redcx  inhibition  of  the  re.fpirator\-  center,  and  radiat- 
ing from  there  to  stimulate  the  vasodilator  and  the  carJioinhibitarj-  center*;  tbcte- 
afierent  endings  being  then  paralysed,  so  thai  subsequent  injections  become  ineHectivc. 
Cramer's  doses  are  so  difTcrcot  from  those  found  necessary  by  other  investigators,  that 
comparison  of  the  results  is  dif&cult.     Hb  explanation  is  probably  correct  as  to  the 
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tesf^k^LLion;  but  requires  confirmation  as  to  the  rirculaiorj*  changes.     At  presfiit, 

U  »  sicn|}ler  lo  suppose  direct   stimulation  of  tho    vagus  ceatcr,   slowing  tlic  bvart 

tiie  and  thus  lowcnni;  the  blood  pre&sure.     Atleust  Pilcher  and  Snilinann,  kjjj,  did 

wA  oV>surve  any  i^ignihcant  changes  in  the  vasomotor  center.     The  rise  of  btood  jprcs- 

wxz  on  repeated  injection  is  probably  due  to  poralyus  of  the  cardiac  vagus  enduigs, 

nWiUng  from  large  doses. 

RetptroJiflH. — ^Iodl■^atc  doses  of  vcratrum  viridc  (2.5  to  5  mg.  per  kilogram)  injected 
iatt&venously  into  dogs  pr<»dut:c  brief  hut  marked  slowing  or  arrest  c>(  the  rrspiratiim, 
"^  effect  ia  generally  absent  if  the  vagi  have  been  divided,  and  may  therefore  be 
fttinbuted  to  stimulation  of  the  afferent  vagus  endings  (Cramer,  1015;  Pilcher  and  Soll- 
"^n,  1015).  Cramer  findi  that  this  docs  not  occur  on  repeating  the  injection,  and 
tRereforc  believes  that  the  stimulation  of  these  endings  is  followed  by  their  paralysis. 
"f  also  finda  veralrum  ineffective  after  atropin,  which  would  indicate  that  atro|)in 
■'w  patalyges  the  afferent  vagus  endings.  Very  large  doses  of  vcratnjni  depress  the 
''HHfatiga  after  any  oi  these  condiiioas,  presumably  by  a  direct  action  on  the  respiratory 
«*ntcr. 

,   _  iloJeratt  Doses  on  M amtruilion  Circulalian.—ln  dogs  with  intact  vagi,  the  Intravenous 

'^Jectinn  of  veralrum  viride,  1.5  to  10  m^.  per  kitogrum,  produces  a  prompt  sharj)  fall 

?.f  bloo<l  pressure  and  marked  slowinfj  of  the  heart,  with  prompt  return  to  normal. 

'he  fall  lA  blood  pressure  is  due  essentially  to  the  cardiac  slowing  through  stimulation 

*•    ttie  vagu-i  center,  for  if  the  vagi  have  been  divided,  the  pre-ssure  falls  but  slightly. 

']n«  efferent  vagus  endings  are  not  stimulated.     The  va&omotor  center  is  not  directly 

■."  ocled,  but  is  sometimes  raixleralely  stiraulatnl  by  the  fall  of  bluud  pressure  and  espe- 

cia.l|y  by  the  respiratory  embarrassment  (Pilcher  and  SoUmann,  1915). 

Hfxxl,  Jr.,  1906,  also  de9cribc5  moderate  fall  of  pressure  and  distinct  slowing,  but 
apparently  more  persistent.  Both  dLiappear  on  section  of  the  vagi.  Cramer.  1915, 
••ois  not  bclic\'c  that  the  fall  of  pressure  depends  chietly  on  the  sioiving,  but  rather  on 
<^%B«dFlation;  for  he  states  that  the  fall  starts  first;  that  cats  may  show  the  fait  without 
tt>e  abmring;  that  the  fall  occurs  after  alrupin;  and  that  it  is  accompanied  by  intestinal 
VMaodilatioD.  He  confirms  that  the  depression  of  the  circulatiun  and  respiration  arc 
(•^vented  by  section  of  the  vagi;  and  assumes  that  veratrum  acts  by  stimulating  the 
afferent  depressant  vagus  cndincs.  The  ctTcct  does  not  involve  the  depressor  nerve, 
't>r  the  vasodilation  occurs  in  rabbits  after  section  of  the  depressor  truaks,  but  not  after 
ibc  vagi  were  divided. 

Ca^'azzani.  1909.  observed  that  eptncphrin  prevents  the  (all  of  pressure  after 
vcratrum  x-iride  (just  as  ii  doc*  that  of  depressor  sttinulation).  On  the  contrary,  there 
results  usually  a  rise  of  pressure. 

Rtpftted  Uoses  on  the  Circulation. — These  produce  considerable  rise  of  pressure, 
fpcciaHy  if  the  vagi  axe  intact;  less  if  they  arc  divided  (IHlcher  and  Sotlmann).  Wood 
found  that  this  occurs  also  after  section  of  the  cord.  It  is  partly  explained  by  quickened 
beart  rate,  from  paralysis  of  the  vagua  endings.  Cramer  obtained  no  efiect  whatever 
Iron)  the  second  injeclioa,  and  believes  that  the  firit  dose,  after  Urit  stimulating, 
paralyzed  the  vagus  endings. 

T^xk  Dosts  on  Ike  Circuialion. — These  produce  at  first  exaggeration  of  the  vagus 
nimuUlion  (marked  slowing,  irrefiularity,  arrrat)  with  corrcspondinR  fall  of  blood  pres- 
sure.   This  is  followed  by  sudden  extreme  acceleration  and  rise  of  pressure  {partly 
»U(>h>-iial,  partly  spasmodic).     The  rise  may  last  for  several  minutes,  and  is  succeeded 
V  rapid  nrogressve  fall  and  death.     In  man,  excessive  doses  also  quicken  the  pulse 
au. 
Cnmer  found  the  results  inconstant;  due,  as  he  believes,  to  an  iatermixture  of  the 
lUmulani  and  depressant  affects  on  the  aficrent  vagus  endings.     The  bluud  pressure 
•My  l&ll  to  zero,  remain  normal,  or  rise;  or  follow  the  convulsive  respiration.    Tne  heart 
ntc  nay  be  slowed,  but  is  more  often  quickened.    The  inhibitory  vagus  endings  are 
P^y»d.     Subsequent  injections  have  but  little  effect. 

Seoiory  Actions.— Dried  veratrum  or  protovrratrLn  are  irritant,  provoking  sneexing, 
•*C;;l)ut  in  solutions,  the  irritant  ffTt!Ctsjirever>-shBht.  These  have  a  marked  anesthetic 
■™go,Iii5lini;  forty-eipht  hour*,  on  the  cornea  (Eden), 

^xunl  Syroptoms  in  Mammals. — The  f>rst  effects  are  nauseont  and  emetic,  often 
•"Wrtfea*  to  obscure  other  symptoms.  Of  these,  the  respiratory  changes  arc  cbaracter- 
"*!  *5pectallv  in  rabbits.  They  consist  In  periodic  dyspneic  attacks,  culminating  in 
'•"Jkiotti  of  a  meduIUiry  type.  The  respiratory  disturbance  is  probably  due  to  the 
'JJwed influence  on  the  respiratory  and  other  medullars  centers,  circulatory  changes 
■•*  muscular  exhaustion.  In  the  inter%'nls  the  respiration  is  regular.  Death  occur* 
wtf.  »iih  the  circulation  fairly  preserved  and  consciousness  present  to  the  end  (Eden). 


434 


MANUAL   OP    PHARMACOLOGY 


Collapse  Action. — The  combination  of  the  central,  circulatory  andj 
muscular  depression,  nausea  and  <lyspnca,  results  in  more  ur  less  collapse. 
This  and  the  profuse  sweating  lowers  the  temperature,  proportional  to 
the  general  symptoms  (Kdcri). 

Effects  of  Therapeutic  Doses  on  Man. — Collins,  1915,  1916,  has  made 
an  extensive  clinical  study  of  a  10  pycr  cent,  tincture  of  veratrum  album 
with  single  doses  of  i  to  2  c.c.  or  divided  doses  of  i  c.c.  every  hour,  to  a 
total  of  4  c.c.  Full  doses  produce  constantly  a  slowing  of  the  pulse  to 
about  62  per  minute  (irrespective  of  the  original  rate);  and  very  generally 
a  fall  of  systolic  and  diastolic  blood  pressure  of  about  35  mni.  Res- 
piration is  not  disturbed.  Headache,  gastric  burning,  nausea  and  vomit- 
ing may  set  in,  but  come  after  the  depression  of  the  circulation,  and  are 
therefore  not  its  cause.  The  effects  last  for  several  hours.  Large  doses 
(4  c.c.  within  half  an  hour)  may  produce  more  serious  and  lasting  collapse, 
with  a  pulse  rate  of  40  or  30,  suddenly  returning  to  normal  after  eight  or 
nine  hours. 

Veratium  Poisoning. — Although  protoveratrin  Is  very  highly  loxic,  \-enUniin  h 
vomitccL  60  promptly  that  death  b  rare  even  vrith  large  doMS  (Wood).  It  has.  howcvet, 
hten  rtnurte<l  .after  ( to  a  Gm.  of  ihe  powdered  While  HcllcbuTc  (which  is  used  as  insect 
powder),  and  in  enfeebled  patients  from  3  tea^oon  of  ihc  Tincture.  ^^J 

Symptoms.— These  consbt  in  btuTiiag,  vomiting  and  diarrhea,  d>-5pbagia.  coUaps^^^H 
parafy^iti  or  light  convulsions.  ^^^| 

Treatment.— The  stomach  should  be  emptied  by  warm  water  or  lavage,  and  the 
collnp^e  treated  along  the  usual  lines. 

Therapeutic  Uses. — Veratrum  is  probably  the  most  active  and  re- 
liable cardiac  depressant,  and  was  formerly  much  used  to  slow  and  soften 
the  pulse,  and  lower  the  blood  pressure,  especially  in  eclampsia  and  otiier 
conditions  of  high  blood  pressure.  Pcsci,  1906,/.!.,  claims  that  it  lowers 
the  blood  pressure  by  7  to  50  mm.,  slows  the  pulse,  increases  diuresis, 
and  lessens  uremia.  Uaultaln,  1914,  makes  similar  claims.  It  was 
used  for  the  same  purposes,  and  to  lower  the  temperature,  in  the  early 
stages  of  sthenic  fevers  (pneumonia)  and  other  acute  infections.  The 
effects  are  probably  mainly  due  to  the  cardiac  slowing  from  vagus  stimu- 
lation and  to  the  nausea.  Veratrum  with  other  cardiac  deprcs&ain 
has  rather  gone  out  of  fashion — perhaps  undeservedly.  It  is  contra- 
indicated  in  asthenic  conditions  (cardiac  weakness,  general  debility, 
typhoid,  etc.). 

Response  irt  PiUhologu  Conditions. — Collins,  1916,  observed  the  most  marked  efiecu 
in  cases  of  bypcrtunus,  the  s^'stuUc  pressure  falling  more  than  thtr  diii.>tuiic.  LittU-  or 
no  response  was  obtuincti  in  .irieriosclcrosis,  paroxj-sma)  tachycartlia,  or  htan-blcxrk. 

Diuretic  Action.— This  is  not  produced  in  animals  (Cramer,  1915).  If  it  occun 
in  edamiKiiB,  as  claJmed.  it  is  probably  due  lo  the  correction  of  the  circulator>' 
abnormalities. 

Adnunistration. — Vemirum  u>  best  given  in  repeated  doses — i  C.C.,  15  minims,  of  the 
Tincture  (XT .S.P.),  evcr>*  half  hour  or  hour^tU  tlic  skin  becomes  moisl,  the  pulse  slowct^ 
and  slight  nausea  is  present.     It   may  then  be  stopped.     Caution  ia  ncccssuy  If 
total  of  4  c.c.  is  exceeded.    If  vomiting  should  appear  before  the  other  effects,  5  1 
to  drops  of  Tr.   Opii   are  administered  with  each  dose  of  veratrum.     Uepetition   of 
the  doMge  doca    not  inhibit  the  action  (as  occurs  with  iotravcnous  iajcctions  in 
animals]. 

FROTOVERATRIN 

The  effecu,  as  described  by  Eden,  1893,  are  similar  to  veratrum,  the  reported  diffcr- 
CDCes  being  perhaps  explainable  by  dosage  and  interpretation.     In  mammals,  m 
doses  by  vein  prixluce  temporary  fall  of  pressure,  absent  if  the  vagi  were  cut. 
attributes  this  to  reflex  depressor  stimulation,  but  vagus  stimulation  is  a  more  ~ 
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cspbostioD.  This  actioQ  is  short,  the  pre&surc  risiag  rather  suddenly  40  to  50  mm. 
alMvr  DorrnBl,  with  increase  of  pulse  rale,  and  incKcitabilily  of  the  vagus.  The  rue 
is  probably  due  to  vagus  panlyaia.  Thisiaalsoof  shortduratioij.  With  repeated  inj'rc- 
tions.  tbc  vagus  paralysis  becomes  permanent,  and  the  primary  fall  of  pressure  is  absent, 
there  beini;  instead  a  t^niall  rise.  Toxic  dostx  produce  cardiac  arythmin,  witli  periods 
of  ttoppage  ajid  corrcfiponding  changes  of  blood  pressure.  The  rate  in  the  inter\-ak 
is  at  first  rapid,  then  falls  with  the  blood  pressure.  The  vasomotor  center  becomes 
p«ralyxed. 

Frog's  Heart— The  effects  are  mainly  depressant:  the  sy*tolcs  arc  somewhat  pro- 
lonj^ed,  but  the  tone  is  scarcely  increased.  Stmn  the  ventricular  rate  is  reduced  to  half, 
a5  with  cevadin,  aconite  or  digitalis;  but  this  is  interrupted  by  short  periods  of  total 
arrest  of  the  ventricle  or  auricles,  apparently  due  to  exhaustion  of  the  muscle.  Finally 
the  bcaK  slops  in  diastole,  with  relatively  small  doMs  (BoeJim,  iqij). 

Motor  System. — In  frogs  poboned  by  protoveratrio,  the  reflexes  disappear  early. 
^This  paralysis  b  largely  cmlral,  for  it  occurs  also  if  the  poison  is  excluded  from  the  mus- 
cles by  HRalure.  However,  there  are  also  prriphtral  efiects:  the  muscles  may  respond 
nonoalty  to  a  ginjHe  stimulus  or  contract  even  somewhat  more  quickly  and  clTicietitl;^'; 
but  they  fatigue  very  rapidly  (Fdcn,  igqal.  The  prolonged  contraction  characteristic 
of  cevadin  Is  indicated  ver\'  faintly,  if  at  all,  under  ordinBr>*  conditioru;  but  it  may  be 
elicited  in  excised  muscles  if  precautions  arc  taken  aaainsl  fatigue  (iJochro.  1013). 
Xbe  ncr\'e  trunks  are  paralyzed  only  by  concentrated  solutions;  the  negative  variation 
■9  said  to  be  prolonged. 

JERVIK 

The  effecu  also  resemble  veratrum,  but  the  quantity  of  this  alkaloid  in  the  drug 
is  too  small  to  have  any  noticeable  effect  on  circulation  (Wood,  Jr.,  tQoO).  With  eflec- 
tJ«e  tloscs.  the  heart  rate  is  iirsl  slowed  then  rjipid.  The  blood  pressure  fall*  progres- 
sively, prcsuraabty  bv  depre^ion  of  tbc  cardiac  muscle  and  vasomotor  center.  The 
respiratHM)  fails  simultaneously  (Wood,  1874]. 

RUBIJKRVW 

Wood,  1874.  found  that  "vcratroidin,"  which  was  probably  an  impure  rubijervin, 
Aftcd  mainly  tm  tbi^  respiratory  center,  with  some  cardiac  depression.     Its  quantity  is 
too  small  to  be  important. 

PBEPARATIOSS — VERATRtV 

^Vmaitum  Viride,  U.S.P.  (Green  Hellebore,  American  Hellebore). — The  dried  rhizome 
MXkd  roots  of  Veratrum  vtridc.     Dott.  0.06  Gm.,  i  ^r.,  U.S.P. 

Vero/nim  Album.  U.S.P.  (Wliile  Hellebore). — ^This  is  probably  a  mere  variety  of  Ihc 
former,  growing  in  Europe.     It  is  UMd  In  the  same  doses. 

Ftdtxt.  Vera!.  Vir.,  V. S.P. —Dote,  o.i  c.c,  1  W  mioims,  U.S.P. 

^TtHttura  Verairi  Vin'dij  (Tr.  Verat.  Vir.),  U.S.P. — 10  per  cent.  Dose,  0.5  c.c,  8 
minim*.  U.S  P.  Till  n>oo,  the  Tincture  was  of  40  per  cent,  strength.  Norwood's 
TiDclure  was  itupposed  to  be  a  Mituratcd  solution  of  the  froli  root. 


COLCHICUM 

Cokhicum  (Meadow  Saffron),  and  its  active  alkaloid  Colchicin, 
are  believed  to  have  a  specific  effect  on  acute  attacks  of  gouL  Their 
use  IS  empiric  and  has  nu  pharmacologic  explanation.  Toxic  doses 
produce  a  characteristic  late  gastro-intcstinal  irritation,  even  on  b>'po> 
dermic  administration.  The  action  h  probably  due  to  conversion  into 
oxydi<olchiciD.  The  vomiting,  purging,  and  intestinal  congestion  may 
be  90  violent  as  to  lead  to  fatal  collapse,  so  that  the  plant  (all  parts)  is 
ol  toxicologic  importance.  The  other  actions  are  relatively  insignificant, 
bat  are  related  to  aconitin. 
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THERAPEntlC  USE  IN  GOUT 

Colchicum  is  credited  with  prompt  effects  on  acute  gouty  attacks; 
relic\'in(;  the  pain  in  one  or  two  hours,  the  heat  and  swelling  subsiding  soon 
after,  and  the  attack  ending  in  a  few  days  instead  of  weeks.  It  must  be 
used  early  and  rather  freely.  It  Hoes  not  prevent  recurrence,  soon  loses 
its  elTiciency,  and  is  often  unsuccessful;  so  that  many  clinicians  are  alto- 
gether skeptical. 

Historical. — The  toxic  properties  of  colchicum  are  mentioDed  by  Dioscoridcs;  it 

was  ti*&l  uKoinst  gout  or  rhcumatisin  by  t)ie  Arabian  school  (sixteenth  rmt.tir>').  stid 
since  then  in  dumc^lic  practice;  but  was  abandoned  in  regular  practice  on  scODunt  <A 
its  poisanous  artion,  till  it  was  rcintroducoi  by  StocrcJt,  1763. 

Attempted  Explanations  of  Its  Use  in  Gout^'lhc^e  arc  all  iui»tjsfactory.  It  hu 
ro  definite  effect  on  the  elimination  of  urine,  uric  acid  or  urea.  The  purgation  may 
contribute  to  the  relief;  but  it  is  not  esu'atial  and  othtr  purgatives  uuik  the  spcdil 
effect.  Tbc  changes  in  the  leucocytes  have  refetitly  been  iiivuked,  but  arc  not  convinc- 
iaR.  Circulatory  and  analgesic  actions  arc  also  unsatisfactory  sugKcstions,  Rince  tbcf 
have  not  been  demonstrated  directly,  and  sinHrc  colchicum  has  n<r  efecl  on  other  infiam- 
maiioHSy  or  M  acute  cr  chronic  rheumatic  pain,  neuralgia,  etc. 

Administration. — Tincture  or  Wine  of  Colchicum  Seed  or  Corm,  have 
been  given  in  divided  doses,  0.5  c.c,  8  minims,  every  three  hours  (advan- 
tageously with  an  equal  quantity  of  magnesium  carbonate  or  sodium 
salicylate),  until  a  therapeutic  response  or  slight  gaslro-intestinal  dis- 
turbance and  weakness  occur.  Some  disturbance  of  digestion  and  soft 
stools  are  the  rule;  and  in  susceptible  patJenLs  there  may  be  considerable 
purging  and  faintness.  This  may  be  lessened  by  atropin,  but  if  possible 
should  be  avoided  by  proper  dosage.  A  single  large  dose,  a  to  5  c.c, 
}'2  to  1 5  of  tincture  acts  more  promptly,  but  may  cause  severe  nausea, 
diarrhea  and  great  muscular  weakness.  Prolonged  administration  is 
generally  harmful  and  therefore  inadvisable.  Colchicine  which  is  readily 
obtainable,  permits  more  definite  dosage.  It  may  be  given,  0.5  to  1 
n'g-  '  lafl  ^"  H»  S^-'  three  times  daily,  for  one  or  at  most  two  days.  This 
usuidly  causes  considerable  diarrhea,  beginning  on  the  second  day,  and 
with  its  appearance  the  drug  should  be  discontinued.  The  stools  will 
remain  loose  for  anolher  day. 

Metabolism. — The  urine  secretion  is  aometimeftaGihtly  increaied,  sometimes  ^atly 
dimini:»bcd,  prulxtbly  tlependinj;  on  the  catharsis.  Tne  statefoeots  as  to  uric  and  and 
urea  (e.g.,  Noel  I'aton,  1886;  Maurel  and  Arcaud,  iQio  ;.\bl,  10 tj)  aresocontradicioiy. 
that  they  can  have  little  importance.  With  the  modem  methods,  Denis,  1915,  fouaa 
neither  Increiuscd  elimination  of  urates  in  the  urine,  nor  diminished  conccolratioo  io 
the  blood.  The  friVr  How  is  slightly  increased  (Kionka.  1906).  For  about  an  hour  a/ter 
adtniiiistnition.  thefc-nfwyf/'iin  the  blood  oredecreaiicd;  this  is  followed  by  a  remarltabte 
increase,  e^^pecially  of  the  polymorphous,  which  reach  two  to  five  times  the  cormal  in 
twelve  hours  (Dixon  and  Mulden.  1908). 

COLCHICUM  POISOmWG 

Sysiptoms. — These  f#t  in  only  after  three  to  six  hours,  even  withUrse  doces.  They 
begin  with  abdominal  discomfort,  followed  by  violent  and  uncootrolUlMe  vomiting  and 
purging  and  ^rcat  prostration.  The  5100U  .-ire  at  first  normal,  but  b«c(nne  dysentoic 
and  bloody.  They  are  not  especially  p&inful  but  exhausting;;  so  that  the  patient  passa 
into  collapse,  with  the  ner\-ou5  and  muscular  symptoms  of  cholera.  Death  occurs  In 
seven  to  thirty-six  hours  from  exhaustion,  consciousness  bdng  preserved  to  the  eoiL 

The  fatal  dose  varies;  .^  cnmce  of  the  Tincture  has  been  fatal.  This  would  cam- 
spond  to  about  8  mg.  of  colctiicin;  but  recover)'  has  occurred  from  much  larger  doMt, 
presumably  with  imperfect  absorption. 

Treatment- — Tins  invulves  evacuation  by  cmests  and  oUharsis,  if  aeceaaary,  and 
diurcstfi.     Tannin  in  a  chcmic  .\ntidote,  but  not  very  effective.    Opium  and  bdladc 
are  ^ven  against  the  gastroeutcritia,  and  the  collapse  is  treated  as  usual. 
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Antopay  reveals  ioteiise  uitl  ofteo  hcmorrhafic  cungcsUon  of  the  uitntiDes,  npeciKlly 
llie  lower  portion. 

Gftstifr-bitesttasl  Irritation. — The  mcctanUm  of  the  intcnfic  con^cation  and  \-iolent 

peristalsis  ha»  btrcn  variously  t^xplaincd.     'Thvy  occur  even  on  paiontcral  adminuitra- 

lion,  but  this  has  no  epecial  significance,  since  the  colchicin  is  excreted  into  the  iateft- 

linei  (Speyer,  tS;o;  Laborde  and  Houd£,  1887).    The  action  is  not  directly  on  the 

amscle  or  its  innervation,  fur  excised  intestine  h  depressed  in  tone  and  excunion&  by 

colducin  or  oxydicolchicin  (Fuehner  and  Rehbrin,  iqis).     Roosbacb,  1876,  stated  that 

Ibc  molur  response  to  the  intestinal  vagus  or  splanchnic  is  not  affected.    The  persistence 

of  ^"apus  response  has  been  contirmtii  by  Fiichner  and  Ri^hhcin,     Jacob],   ifUjo,  con- 

«Iucted  experiments  with  intestines  exposed  under  a  saline  bath.    These  showed  incrcawd 

neri^ialsis  of  a  normal  type,  inhibited  by  atropin.     He  concluded  that  the  action  consists 

Mn   rtKirmouily    hrightrnnl    response  to   the   normal   peristaltic   stimuli.     Dixon   and 

^lalden,  1908,  aUo  described  inimcdiate  peristalsis,  which  u-as  arrested  by  atropin,  and 

-which  the>*  therefore  attribute  to  parasympathetic  stimulation.     Fuehner  and  Rehbrin, 

X915,  repeated  thwe  experiments,  but  failed  to  confirm  the  resulTs,     Increased  peri- 

^Ual^ia  occurred  only  exceptionally.     It  appears  therefore  that  the  peristaltic  increase 

«:sb«crvrd  by  Jacobj  and  Dixnn  was  acclclenlal,  due  lo  cau!.t-s  other  than  the  cokhicum. 

Kuehner  and  Kchbcin  refer  the  entire  action  to  aa  irritative  capillar>-  vasodilation 

^  nniogous  lu  the  local  actions  elsewhere,  and  produced  by  contact  with  the  drug,  rcath- 

fXi)C  the  intestine  directly  or  by  excretion.     They  find  this  h>'pereinia  of  the  stomach 

^  vA  intestines  even  with  small  doses. 

Locil  Action. — Strong  <[ulutions  applied  locally  to  the  cortjunctiva  or  subcutaneoutt 
C-£suc.  produce  hyperemia,  irritation  and  anesthesia. 

Ceatnl  Nervous  System. — This  is  gradually  paralyzed  from  below  upn'ard,  partly 
<linxtly  and  panly  by  the  collapse. 

ITo  appreciable  direct  effect  is  exerted  on  the  circulation  (therapeutically,  it  is  somc- 
^•"iiat  slowed  by  the  relief  of  the  symptoms) ;  nor  on  the  glands,  striped  muscle,  or  motor 
nerves  ("Rossbach;  Dison  and  Maiden). 

£xplBiifttion  of  the  Delayed  Action. — The  lone  period  before  the  symptoms  appear 
c^n  not  be  materially  shortened  by  increasing  the  do»c  (Schorl  and  Rossbach,  1S06), 
5**"  t>y  intravenous  injection.  Colchicin  itself  has  relatively  little  effect  on  frogs;  out 
'**  toxicity  for  these  can  be  increased  50  times  by  raising  Ihc  Temperature  to  37*0. 
(Sanno,  191 1).  The  reason  (or  this  is,  according  to  lacobj,  1890,  that  it  is  not  the 
<"r»lchicin  itself  which  pr»du<:esthe9ymptoms,but  an  osidatioo  product — oxy-di -colchicin 
~**" ' ch  b  iormcd  from  it  in  the  mammalian  organisin — even  by  circulating  it  through 
at^uu — but  does  not  M-vm  to  be  capable  of  formation  in  the  frog's  at  a  low 
iture.  Once  formed,  whether  In  the  above  manner  or  artificially  by  ibe  action 
tt*«>nr.  it  i*  toxic  to  fro^s  also. 
^Bio-Maay.^The  toxicity  for  mice  or  hcateil  frogs  may  be  used  (Fuehner,  iqio). 

COLCHICIN  DERIVATIVES 

-      "The  strtuture  of  colchicin  has  been  established    by  Zeisel,  18S8,    and  Windaus 
vFuehner,  igij).     By  treatment  with  acids,  a  methyl  group  is  easily  split  off  as  mcihy 
i:ohol  nod  replaced  by  OH,  yielding  coUbicein.    This  and  various  other  dcriv'ativcs 
^^c  been  studied  pharroacoloti'iLallv  by  Fuehner,  i9>3-    The  relative  toxicity    for 
^^^Wnu  animab  shows  interesting  differences. 

PREPARATIONS — COLCHICCM 

CUddci  Coftmus,  U.S.P.,  B.P.;  Colchicum  Corm  (Rooi).^The  dried  corm  of  Col- 
^^m  Autumnale  (yielding  not  less  than  0.35  per  cent,  of  coldiidn,  U.S.P.).  Dine, 
*-ijGm.  4gr..  L'.S>. 

Fm.  Coitk.  Corm.,  U.S.P. — ,\  pwwdcrctl  extract,  1  Gm.  representing  4  Cm.  oi  drug, 
(vtbout  1.3s  F»er  cent,  of  colchicin.     Dote,  0.06  Gm.,  i  gr.,  U.S.P. 

£tf.  CaUk..  b.P. — The  juice  csprcss4.-d  from  the  corm  and  evaporated  to  a  soft 
cnnct,     Pos^,  16  to  60  mg.,  H  to  1  gr.,  R.P. 

Vin.  Ci'lck..  B-P.;  Wine  of  Colchicum. — 30  per  cent,  of  conn.  Dcjr,  0.6  to  1.8  c.c., 
10  to  jO  minims,  fl.P. 

Ctickici  Scmnt,  U.S.P.;  Ci>tehici  ScmtHa,  B.P.;  Colchicum  Seed.  The  dried  ripe 
Mvd  of  Colchicum  nulumnale  (yielding  not  less  than  0.45  per  cent,  of  colchicin),  U.S-P. 
Dm*.  0.2  Cm.,  igr.,  L'.S.P. 

fUnd.  Cffifh.  Srm,,  V.S.V.—Dose.  0,2  c.c.  s  minims,  CS-P- 

•Tinctura  CalckU't  Stminii  (Tr.  Colch.  Sem.},  U.S.P.;  Tr.  Cokk.,  B.P.;  Tincture  of 
Odrtiicum  (Sccdi. — to  per  cent.  Dose,  2  c.c,  30  mJoinu,  U.S.P.;  0.3  to  i  c.c,  5  to  15 
■Isinu,  B.P.     Maximum  dose,  2  cc,  30  minims. 
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CoJchicina,  U.S.P.;  CnHi^'Oc — Pale   yellow  amorphous  scales  or  hIc  ycQoi 
amorphoiu  powder,  turning  darker  on  exposurt-  to  liglit;  odorless  or  neany  so, 
in  water  (t :  33);  freely  aol.  m  ilc.    Dote,  0.5  mg.,  <^}o  gt.,  U.S.P. 


APOMORPHIN 

General  Statement — Apnmorphin  is  an  artificial  alkaloid,  formed  by 
dehydrating  morphin  through  the  action  of  concenlrated  mineral  acids: 

CnHuN0,-H20  =  C„H„N0, 

Morpbin  Ajiomoriihiii 

This  causes  profound  changes  in  both  the  structure  and  actions. 
The  peculiar  narcotic  effect  of  morphin  is  almost  completely  lost.  In 
its  pmcc  there  appears  an  excitant  effect  on  the  nervous  centers.  In 
therapeutic  doses,  this  is  confined  to  the  vomiting  center,  apomorphin 
being  the  preeminent  centrally  acting  emetic,  useful  especially  for  hj-po- 
dermic  administration,  in  poisoning,  etc.     It  is  not  so  useful  as  a  nauseanL 

The  emesis  is  accompanied  by  the  usual  side  effects  of  vomiting. 
It  often  causes  considerable  generaJ  depression,  and  sometimes  dangcrot 
cardiac  depression. 

Smaller  doses  produce  a  prompt  hypnotic  effect  under  certain  condi- 
tions (acute  alcoholism). 

Larger  duscs  produce  excitement,  convulsions,  and  death  by  asphyxia. 

On  direct  application  it  paralyzes  the  heart  and  skeletal  muscles. 

THE  EMETIC  ACTION  OF  APOMORPHIN  IS  CENTRAL 

The  specific  emetic  action  of  apomorphin  was  announced  by  Gee, 
1869^  in  the  same  year  as  the  discovery  of  the  substance  by  Matthiesoa 
and  Wright.  The  emesis  is  produced  by  very  small  doses  and  is  \*ery 
prompt,  with  but  little  preliminary  rmusea.  The  fact  that  there  is  no 
evidence  of  gastric  irritation  (Gee,  1869),  and  thai  apomorphin  is  more 
effective  hypodermically  than  by  mouth  (Siebcrt,  187O  suggested  strongly 
that  its  emetic  action  is  not  a  reile.Y  from  irritation  of  the  pharyngeaJ 
or  gastric  mucosa,  as  is  the  action  of  must  emetics;  but  that  the  apomor- 
phin eme.sis  must  result  from  a  central  action,  a  direct  stimulation  of  the 
hypothetical  vomiting  center  in  iJie  medulla.  Other  evidence  also  tended 
strongly  to  the  same  conclusion.  The  absolute  proof  has  been  brought 
by  Eggleston  and  Hatcher,  igiz,  who  found  that  the  l.vpical  phenomena 
of  vomiting  could  be  produced  by  the  injection  of  apomorphin  into  animals 
from  which  the  whole  alimentary  canal  had  been  removed,  from  the  cardia 
to  the  anus.  These  eviscerated  animals  show  the  retching,  the  vomiting 
movements,  and  the  expulsion  of  mucus  from  the  mouth  and  esophagus. 
Direct  application  of  the  apomorphia  to  the  esophagus  or  pharynx  does 
not  produce  vomiting. 

OTHER  EVIDENCE  THAT  EMESiS  IS  CENTRAL 

AbMnce  of  IrriUmt  Action.  -Sicltcrt,  1S71,  gave  daily  emetic  doses  of  apamorphifl 
to  dogs  for  Hx  necks.  an<l  found  no  sifjnft  of  any  infiammation  at  autopsy.  Retchen, 
187Q,  showed  that  solutions  do  noi  prmlucc  irritation  evra  on  the  sensitive  coniuiictt\-a. 

Grester  Efficiency  on  Hypodennic  Admioistration. — Siebrrl  and  all  Mib^4M^u«nt 
workers  showed  ihat  administration  by  mouth  requirrs  larger  doses  and  a  lonRrr  lime  to 
produce  viimilin^.  KRRlcston  an<i  Hatcher  (ounu  that  dog»  require  by  vein  only  V^n 
o!  the  oral  dose,  .ind  vomiting  occurs  in  one-half  the  time.  The  effective  dose«  are 
(m)ltigratii»  per  kilo):  by  mouth,  5.7  in  four  to  ten  miauin;  bypodcrmic,  aa  in  two  nad 
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ooe-half  to  ten  minutn;  intnimusculmr,  0.05  to  0.075  'i  three  lo  Heven  minutes; 
iDtiavtaous  (vriLhuut  anirslbesin),  0.05. 

IMfision  of  Both  Vagi. — These  constitute  thi:  sole  iifTercnt  paths  for  the  reflex  of 
local  emetics  (Opcnchon-skt,  1S89).  With  locsily  acting  emetics  therefore  vomiting 
«ui  aot  occur  U  both  vagi  are  divided,  hut  this  does  not  jire^-ent  the  apnmorphin  cmcsis 
(^bcrt,  Hornack,  and  others;  the  contran-  results  of  some  invcstiKJiUons  arc  explained 
by  rxpcriiiKntal  errors — constminnl  po^itioos  of  animuls).  The  splaochnics  do  not 
CKTTv  ftenson.-  6bers. 

ApQiDor|ihia  b  Not  Reixoeted  into  Stoinadi.^Many  locally  actins  emetics  pro- 
duce vomitinj;  even  when  Injected  hv  j»>i!crmii"aliy  or  inl ravenously,  by  ln*ing  excreted 
into  the  saliva  or  slomaeh,  and  there  pro<liicini;  the  local  action ^  although  thift  naturally 
m)iurcs  larger  doses  than  oral  adininislruiion  (TnrlAr  emetic,  etc.;  Klctomnn  and 
Simonowitsch,  1872).  Rvkhcrt  believed  tlwit  apomorphin  is  also  rcSxcreted;  but  this 
coald  not  be  coonnncd  by  subsequent  workers,  and  has  been  di&proved  by  Kg^leston 
and  Hatcher. 

Movements  of  Stomach  in  Emesis. — ThiR  has  been  investigated  in  cats  by  the  X-ray 
mcthixl  (ConnoD,  iS^).  The  same  events  follow  aponaorpliin  and  muslarH;  the  Brst 
•ttfect  is  total  inhibition  of  the  tone  of  the  cardial  portion,  whicli  becomes  u  flaccid  bag. 
Xbc  pyloric  end  is  shut  oS  by  a  deep  contraction  ring.  The  contents  are  then  cxnelled 
by  frtHlden  Contraction  of  the  diaphragm  and  abdominal  muscles.  As  the  expulsions 
mre  repealed,  the  gastric  -.v.ills  tighten  around  the  remaining  ccintents. 

Replacing  Stomach  by  Pig's Budder. — MagcntHc  found  apomoiphin  effective  under 
lius  condilinn  (Magnus).     This  would  not  exclude  the  po&sibility  ofinlestinal  irril-ilion. 

Direct  Application  to  the  Vomiting  Center. — Thumas.  iS^ii'found  that  the  applica- 
tjuin  of  apomoriihin  to  a  limite<l  area  of  the  medulla  prouuccs  vomiting. 

Ixioitioa  of  the  Vomiting  Center.— Opcnchowski,  iBSq,  believes  that  the  center 
actually  slimulated  by  apumurpbin  ties  in  the  corjwra  quo'lriKcminu,  and  th.-it  Thumas 
stimulated  merely  the  enercnt  fibers  on  their  way  to  the  splanchnic^.  lie  also  believes 
Ibat  the  quadrieemira  arc  not  concerned  in  reflex  vomiting.  The  nature  of  the  central 
connections  of  the  voniiiint;  reAex  is  too  obscure  for  further  discussion. 

Movements  o(  Excised  Stomach. — Schultz,  18S6,  found  that  apomorphin  and  other 
emetics  produce  strong  reversed  peristal^'a  in  escisnl  stomach;  but  Balelli,  1896,  finds 
the  same  movementswithout  giving  any  druRS,  and  they  may  be  attributed  to  asphyxia. 

Cocainization  of  Pharyngeal  Region. — Valcnti,  iQii,  asserts  thatemesii,  by  apo- 
morphin as  well  .'u^  by  local  iij^cnts.  i:i  prevented  by  cocainizing  a  cett^n  pharyrtgeal 
SLrea  which  controls  the  cardial  sphincter.  He  suggests  that  apomorphin  increases  the 
cxcitabilily  of  the  center  so  that  it  responds  by  vomiting  even  to  the  normal  impulse* 
which  emanate  from  thi*  pharyngeal  region.  However,  this  may  merely  mean  that  the 
reUjatton  of  the  cardial  sphincter,  which  is  controlled  from  this  region,  is  indispensable 
to  successful  emesis  (McUingcr,  Openrliow^^ki,  Cannon),  ^^fagnus,  igi4,  discredits  the 
cxbtence  of  a  phai>-n^eal  vomiting  center. 

Soaee^tibtUtf  oc  Different  Animals  to  Emetic  Action. — AnimaU  which  are  incapable 
of  vomiting  (rabbit,  rat,  giunea  pig,  horse,  cattle,  etc.)  do  not  do  so  under  apomorphin; 
bat  many  animals  which  vomit  more  or  leaa  readily  in  response  lo  local  irritants,  are 
also  completely  in&usceptible  (pig:^,  birds,  frog)  or  relatively  mausceptible  to  apomorphin 
tmn-}^  (the  cat  requires  about  50  limes  as  much  per  body- weigh  I,  hypodcrmically,  as 
Cbe  de^).  Man  and  di>g  are  the  most  susccntihlc.  Continued  admimstralion  doe^  not 
cstabluh  tolerance  (Siebcrt).  Insusceptibility  to  the  emetic  actions  does  not  imply 
tolcrmoce  of  the  other  central  actions  of  apomorphin,  tn  which  all  aninuUsarcsustcptible. 

Recalcitrant  Stage. — Kxceuive  doses  of  apomorphin  are  not  as  effective  a»  moderate 
doses  in  pro<luciug  emesis,  and  may  render  the  animal  completely  recalcitrant  to  the 
emetic  action  [Reichcrt,  l^ggleston  and  Hatcher). 

Ant-emetic  Drugs.^Apomorphin  vomiting  is  not  affected  by  local  sedatives  (bismuth, 
etcj.  I>ut  b  pre%-entcd  by  nareotics.  With  chloroform  and  chloral,  full  naTvt>tic  doses 
are  needed;  out  with  morphin  and  its  estere,  very  small,  non-narcotic  doses  suffice. 
Pmpaverin  is  ineffective  (Kuth,  1913) ;  also  atropin. 

Other  Central  Actions. — If  n|]omorphin  is  given  in  Urger  doses  it  produces  a  scries  of 
csdtant  effects^  especially  in  animals  which  do  not  vomit  (Hamack,  1874).  At  first 
there  H  great  restlessness,  gnawing,  csLitemcril  and  terror.  These  are  perhaps  due  lo 
tike  nausea  and  to  the  unaccustomed  i^nsations.  The  gnawing  is  not  seen  witu  rabbits, 
from  which  the  hemispheres  have  been  removed,  so  thai  it  must  be  of  cerebral  origin 
(Morita,  igis).  The  respirations  are  quickened  (even  under  chloral  narcosis),  but 
rqgular.  Apomorptuo  also  disturbs  heat  regulation,  so  that  animab  do  not  respond  to 
fe^'er  bjr  polypnea  and  shivering  (Magne,  1914).  With  largtrr  ijom«  (larger  tnan  are 
ever  usea  in'  man),  there  arc  ataxia  and  then  violent  irregular  convulsions.  These 
tnterfcre  with  rc^iration,  and  the  animal  dies  in  asphyxia.     Death  occurs  also  if  the 
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coavuUion!)  are  suppressed  hy  chloral,  bui  then  requires  a  douigc  Iwcnly  times  as  bii 
Frogs  exhibit  the  ^amc  phenomena.  Hallori.  1910.  finds  that  thr  reften**  irom  1 
spinal  cord  ami  hraJn  arc  increased. 

Local  Applicatioa. — Ilamack,  1874,  showed  that  this  paralyzes  cardiac  ai 
muscles  in  irogs. 


HYPNOTIC    ACTION    OP   APOMORPHIN    AND    USE    IN    ACUTE 
HOLISM  AND  HYSTERU 

C'  J.  Douglas,  tSt)f},  claims  t1iut  Hpomurphii),  in  itniBll,  noD-cmclic  doses  {3  an 
acts  as  a  safe  and  certain  hypnotic,  euective  tven  in  delirium;  itatural  and  refresh 
sleep  occurring  usually  in  five  to  Lwciity-6vc  minutes.  Coleman  and  Polk,  ig 
experimenting  00  an  extensive  series  of  acute  alcoholic  patients,  confirmed  the  da 
They  employed  hypodermic  doses  of  a  to  6  mg.  Other  olHcrvers  (Row-brugh.  19 
report  simitar  results;  the  icndcncj-,  however,  has  been  to  iwc  doses  (5  mg.J  which  t 
duce  an  t-mctic  action  ( Roscnwassrr,  1907).  This  Mfhapfi  aids  the  therapeutic  en 
by  breaking  into  the  ttxcd  ideas  of  such  patients.  The  sle^  occurs  in  a  few  mint 
alter  emcsis.     Hypodermic  administration  secures  by  far  the  best  results. 


I 


Velocity  of  Action.— In  man,  the  hypodermic  injection  of  5  to  10' 
{H2  lo  ,!-^  gr.)  of  apomorphin  produces  severe  nausea  and  vomit 
wilhia  ten  or  fifteen  minutes,  generally  without  other  effects.  By  mou 
twice  this  dose  is  uncertain.  The  cmesis  may  be  repeated  several  tin 
l*he  nausea  is  intense  and  is  apt  to  persist  longer  than  with  the 
emetics,  since  the  apomorphin  is  not  removed. 
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PHENOMENA  OF  NAUSEA 

These  are  common  to  all  emetics.  They  consist  in  a  feeling  of  sIcIuh 
lassitude  and  weakness;  pale  skin;  increased  secretion  of  sweat,  sal! 
mucus  and  Icar^;  sensation  of  excessive  heat;  increase  of  respiration  a 
pulse  rate;  fall  of  blou<]  pressure.  During  the  emcsis  frroffer,  the  conlr 
tion  of  ihc  abdomen  will  raise  the  blood  pressure  temporarily — a  f 
which  contraindicates  emcsis  in  apoplectic  patients,  etc 

Circulation  and  Respiration  in  Nausea  aod  Vomiting. — Traube,  1867,  dncril 
initial  (all  of  pressure,  with  slow  vagu&  pulse,  succeeded  by  quickened  putse  lowi 
end  of  the  emetic  action.  The  details  have  been  studied  by  Brooke  and  Lucl 
1915,  on  unanesthetiTed  animals.     Their  results  are  confirmed  by  Miller,  iqij. 

They  find  cmesis  accompanied  by  marked  disturbances  of  the 
lation  and  respiration.  There  is  sometimes  a  period  of  elevated  pressc 
but  commonly,  at  the  moment  of  emesis,  the  heart  is  inhibited,  vt 
sudden  severe  fall  of  blood  pressure.  This  is  interrupted  by  periods 
great  osrillatinns.  These  great  and  sudden  changes  may  rupture  bli 
vessels,  which  would  resist  more  gradual  changes  of  equal  degree. 

They  find  the  changes  somewhat  different  in  the  two  types  of  voraili 

Rapid  projectile  type,  with  short  nausea:  During  the  nausea,  the  blood  prc« 
is  slightly  raiscri,  the  pulse  rate  increasCTi,  its  amplilutlf  diminished.  During  the  voi 
ing,  the  pressure  falls  sharply  with  practically  complete  arrest  of  the  hean.  or  arylhi 
The  respiration  is  suspended.     After  the  expulsion,  rapid  recovery*  occurs  to  oorma 

Slow,  Iiibored  type,  with  more  marked  nausea,  etc.  During  the  nausea,  then 
deep  breathing  and  salivation.  During  \-iolcnt  rctchine,  the  blomi  pressure  and  the 
trathi>racic  pa-ssurc  osdUatc  grcaUy.  The  pulse  b  slow  and  irregular.  During 
vomiting,  the  changes  are  as  described. 

The  slowing  and  fall  of  blood  pressure  are  due  to  inliibilJng  vagus  stimulatioOr  ■ 
they  are  prevented  by  alropm.     The  oscillations  arc  indirect  results  of  the  mi 
efforts,  and  arc  gcntraJly  eliminated  by  curare. 

The  AcceleratioQ  of  the  Heart  in  Emesis. — .^cker^)ann,  1836,  showed  that  all  i 
of  emcsis  arc  accompanied  by  this  acceleration,     llamack,  1874,  observed  some  acn 
ation  even  after  atropin,  so  that  there  must  be  a  reflex  stimulation  of  the  acceloQ 
mechanism;  the  v.igu^  mevh.mism  is  prnbably  rvl^i  reciprocally  inhibited.  ~ 

The  stimulation  of  the  salivar;  centers  has  been  studied  by  V.  E.  Hendci 
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ACCroENTS  IN  THE  THERAPEUTIC  USE  OF  APOMORPHIN 

The  apomorphin  nausea  may  produce  considerable  depression,  varying 
in  «iegree  in  different  individuals.  It  is  characterized  by  muscular  de- 
bit J  t,y,  and  rarely  collapse  (Harnack,  1908).  These  may  precede  or  follow 
tfa^  emcsis,  and  are  especially  liable  to  occur  in  the  rare  cases  in  which 
tb«^  emesis  fails;  in  pulmonary  and  cardiac  disease;  in  debilitated  patients; 
an  <:!  in  children.  The  collapse  is  preceded  by  irregular  respiration,  anxiety, 
\T«rtigo,  and  fainting.  During  the  collapse,  the  patient  may  be  uncon- 
9C10115,  and  pass  into  early  death.  These  cases  are  quite  exceptional, 
btt  t:  their  possibility  should  be  home  in  mind.  It  is  believed  by  some  that 
th^  atddents  are  often  due  to  impurities,  so  that  only  freshly  made  solutions 
of     the  crystallized  alkaloid  should  be  used,  never  of  the  amorphous. 

C^ld  solutions  of  apomorphin  acouire  ii  deep  green  color,  indicating  some  dccomposi- 
t'on.  The  c-nielic  action  may  not  o«  afFrcteii  by  (hU  cliange  in  some  sampler,  but  it 
I»Uj«t  in  others  (Hamack,  1S74). 

Chloromorphids. — These  are  formed  in  Ihe  manufacture  of  opamorphin.  if  the  action 
*>'  Ostf  hydrochloric  acid  on  the  morphin  is  not  carried  aufficiendj-  far.  They  arc.  thcre- 
'or^,  1  frequent  contamination  of  commeR-ial  apomorpliin.  They  arc  chemically 
*'*aJ'O|[0u5  to  acelyl-morphin.  bcins  formed  by  the  suhsiitutioQ  of  CI  for  the  t)H  gmup 
^  **»orT»hin.  Their  pharmacologic  actions  arc  aUo  !>imtlar  to  those  of  acetyl-raorpluii 
(heroiii).  namely  exaggeralrtl  morphin  effects  "'i^b  Rrcally  increased  tonicity.  p&nil>'WS 
5*'  respiration,  and  an  antiemetic  action  (llarnack  and  Hildebrandt.  iqii).  These 
™*'C'5*tigators  hold  thc<<:  impurities  responsible  for  Ihe  failure  of  emesis  and  the  collapse. 
"hwry  may  perhaps  also  explain  ibc  hypnotic  action  nf  Douglas. 

X)o5age. — For  emetic  effect.  5  mg.  {^2  P".)  or  at  most  xo  mg.  (.!^ 

Kf- )    of  the  crystallized  hydrochlorid,  in  *••;  lo  i  c.c.  of  water,  shoiild  be 

Snv'^^ji  hj-podermically,  and  repeated  in  fifteen  minutes  if  necessary.    If 

*^   <Janger  of  collapse  is  apprehended,  2  mg.  of  .strychnin  sulphate  may  be 

^<J«:d.    As  a  nauseant  expectorant,  it  is  inferior  to  ipecac,  but  mav  be 


^ 


by  mouth,  in  syrup  of  citric  acid,  in  doses  of  2  lo  10  mg.  (,'-30  to 
6  gr.)  for  adults;  j.2  to  2  mg.  (fi2o  I"  iao  gr-)  for  children.    This 


***5:?^  does  not  cause  depression. 

T^e  therapeutic  use  of  emetics  will  be  discussed  later. 

PREPARATION  S — APOMORPHIN 

t»  —J^'^Pvmorpkitut  Bydrocklotkum  (.\pomorph.  Hydrochl.),  U.S,P.,  B.P.;  CiiHnNOf- 

2JE^* MHiO-  U.S.P.;  (ChHitNO,  Ha)i  +  ll,0,  II . P.— Prepared  from  morphin  by  iJie 

Z~**-  »^cliyn  of  one  raulei-ule  of  water.  The  pretw rations  of  diflercot  manufacturers  differ 
_  .5**"*:  Of  l«-5  in  comjKMitiun  and  activity  (llariutk,  igoqj.  MinuLe,  white  or  grayish- 
^  gtutenins  pnsms;  odorless,  acquiring  a  greenish  tint  upon  exposure  to  light  and 
Sol.  in  water  (I'So)  aud  in  ale  (1:50).  Dose,  Rxpectorant,  3  mg.,  ^oRf-l  enictic, 
1^  *^*  •  H  P  •  ^X  mouth;  hypodermic,  5  mg.,  Hj  gr.,  U.S.P.;  3  to  6  mg..  Ho  >o  Ho 
T^'    *»j'po(i«nuic;  by  mouib,  6  lo  16  mg.,  >io  *"  K  Bf-»  B-P-    Masmvm  dose,  jo  mg., 

^  w'*^^-  ■^P*'*torpi,  Hyp,,  B.P. — t  per  ceoU     Dest,  0.3  to  0.6  cc.,  5  to  10  minims. 
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j-^_^">rii  u  an  analogous  detivativc  of  codcin,  apparently  variable  in  composition  and 

j4^**»W,     Kobe-rt    finds  that   il  acts  qualitatively    like  apomorphin.     Dison.   1905, 

^J****»s  that  it  paralyzes  »ucce&sively  the  ner\T-cndings  of  the  vagus,  vasomotors,  other 

Yj^  *^th  muscle,  striped  muscle,  and  cardiac  accelerator.  a:s  well  aa  the  ner\'e-ccnlera, 

^^■tsMtiondoM  not  seem  to  be  absolutely  sj)ecifK:.     Magnus.  1905,  found  IxUh  slirau- 


nd  parmlj^ot  peripheral  effects  on  pen^taUift.     It  has  been  uacd  as  expectorant, 


^'^^^  bypaotic,  and  cathartic  (Fraenkeb- 
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ASPIDOSPERMA  (QUEBRACHO) 


The  bnrk  of  A<ipido<>|>erma  Quchracho-blanco,  conuins  ax  or  more  alkaloids 
very  similar  actions;  fail  of  blooil  pressure,  mcreascd  heart  raU,  clonic  conviUsioas 
muMTulur  weakness,  and  a  very  great  and  persistant  increase  of  the  rate  and  depth 
respiration.  The  lungs  are  markedly  h>'percmic  (Hamack  and  Hoffmann,  1&H4; 
Wood  iindHoyl,  1903;  Wood,  1910),  These  actions  arc  partly  central,  partly  peripheral. 
Wood,  iQoS,  attribute<i  the  rcspiratorj-  cfTcct  li>  inlrnse  irritation  of  local  areas  of  the 
lung,  which  is  ubscnable  at  autopsv.  The  alkaloid  quebracbla  is  mainly  rcspoosiblc 
for  this  effect.  One  of  the  alkaloids,  aspidosamtn,  produces  emesis;  the  others  only 
nausea,  with  its  usual  accompaniments. 

Cow,  1914,  finds  thai  larger  doses  pamlyice  Ihe  nerve  cells  of  the  autonomic  »>-slcro, 
brain  and  N^inaL  cord.  Still  larger  doses  paralyze  the  vagus,  sympathetic  and  motar 
endings,  similarly  to  nicotin  and  curare.  Death  occurs  by  panUyslsof  the  respirator}- 
center  when  the  motor  nerves  still  respond  to  stimulation. 

Aspidosperma  has  Iieeii  used  a»  a  res|«ralory  stimulant  in  all  forms  of  dy»pnea  and 
asthma.  Its  irritant  action  on  the  lungs,  and  the  great  circulatory  depreaaon  sboi^ 
be  borne  in  minil.  The  dasr  of  the  fluidejctract  is  1  to  4  ex.;  of  the  amoqihouft  a5pi<' 
spermin  (a  crude  mixture),  0.06  to  0.1  Gm.;  of  the  crystsIUne  (true)  sspldospc 
cnlorid^  S  to  30  mg.,  at  first  every  hour  or  (wo,  then  less  frequently  {S.  Solis  Cohen). 

PREPARATIONS — ASPIDOSPERMA 

Asfiidoiperma,  U.S. P.  (Quebracho). — The  dried  bark  of  AspidoKpcrma  Quebr 
bianco.     Dost.  4  Gm..  60  gr.,  U.S.P. 

Ftdext.  Aspidosp.,  U.S.P.— /Jew,  4  c.c,  1  dram,  U-S.P. 


IPECACUANHA  AND  EMETIN 

General  Statement. — Ijx-cac,  ihc  root  of  a  Brazilian  plant,  coni 
several  itlkaluuii,  uf  which  two,  EmelJii  and  Cephaelin,  prtxluce  nau* 
and  L'mesis,  by  central  and  local  action,  without  danger  of  side  effects. 
The  drug  is  therefore  very  useful  therapeutically.  Large  doses  produce 
specific  effects  in  amebic  dysentery.  Systemic  actions  (central  and 
cardiac  depression;  stimulation  of  smooth  muscle)  do  not  occur  when 
the  drug  is  administered  by  mouth,  since  there  is  but  little  absorbed. 

Nauseantand  Emetic  Actions.— These  are  produced  much  more  slowly 
than  with  apomorphin.  In  man,  vomiting  occurs  only  after  one-half  to  one 
hour.  The  drug  is  therefore  more  useful  as  a  nauseant  expectorant  than 
as  an  emetic.  As  expecloratU.  the  Syrup  is  used  (1  c.c).  An  infusion, 
used  as  a  gargle,  has  been  recommended  to  avoid  irritation  of  ihc  stomach. 
For  emesis,  the  powdered  ipecac  may  be  used,  i  to  2  Gm.  in  warm  water, 
repeated  in  half  an  hour  if  necessary;  or  the  Syrup  (tablespoon  for  adults, 
teasi>oon  for  infants,  especially  in  spasmodic  croup).  It  has  some  ad- 
vantage over  the  mineral  emetics  in  that  it  causes  less  gastric  irritation 
and  less  general  depression. 

Locatioa  of  Emetic  Action. — It  has  generally  been  stated  that  thli  ix  purely  local, 
mainly  becau^  emesis  occurs  more  promptly  on  ga»Lric  than  on  hjrpotlcrmic  adminis- 
tration; the  efTictcncy  of  hypodermic  admimstr,ition  being  explained  by  excretion  of 
the  alkaloids  into  the  stomach  ( Valenti,  191 1)  and  intestines  ^d  OrncUa,  1873). 

However,  Eggleston  and  Hatcher,  1915,  found  that  Ihc  emetic  dose  is  nearly  the 
same  by  cither  cnannel;  moreover,  they  ob«cr\"cd  the  occurrence  of  vomiting  movcmcntf 
in  c\'wccratod  animals.  It  is  clear  therefore  that  lhi_-  vumiling  is  of  central  origili; 
but  because  of  the  prompter  action  of  the  gattric  injection,  which  was  confirmed  by 
these  observers,  it  follo«*8  that  tlie  local  action  fiKilitalr*.  Ilic  emetic  tc^kiuc.  Emctin 
and  cephaelin  act  alike,  except  that  cephaelin  is  twice  as  active. 

Irritant  Action.  Ipecac  irritates  all  mucous  surfaces,  sometimes  to  an  exaggerated 
degree.  It  may  therefore  produce  conjunctivitis,  bronchitis,  skin  cniptioiiK,  asthma, 
diajrbca,  rectal  irritation,  etc     Some  persons  are  cxtremdy  sensitive  to  these  eOecta. 
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the  abraded  skin,  i  per  cent,  solution  of  tmetin  raUes  a  wheal  {Sollmann  and 
3cr,  1Q16).  The  subcuianeotts  tissue  is  but  Little  subject  to  irritation  by  ipecac 
•f,  1903),  perhaps  bccuu^e  the  drug  is  Coo  rapidly  absorbed.    Renal  irritation  occurs 

^se  in  Dyspepsias. — The  gastric  hyperemia,  produced  by  small  doses, 
ometimes  utilized  in  dyspepsias  (a  drop  or  two  of  the  syrup  in  a  tear 

n  of  water,  every  fifteen  minutes). 
..Action  in  Amebic  Dysentery. — Ipecac-  or  cmetin,  in  adequate  doses, 
^ie  the  prompt,  complete  and  usually  permanent  disappearance  of  the 

Encilameba  histolytica  from  the  stools,  and  the  removal  of  the  clinical 

symptoms.    The  effect  is  doubtless  due   to  direct   amebocidal  action. 

'^l-fc«^  best  results  are  usually  obtained  with  hypodermic  administration  of 

err»^lin. 

S^ormerty,  the  opinions  of  the  value  of  ipecac  treatment  were  divided;  but  the  later 
c1irax<:;al  invcstiEators  are  practically  in  oKrccracnt.  The  older  failures  are  probably 
»-t.CK~ii>utahlc  Ur^^cly  to  faulty  administration  and  inadequate  dosaf^e. 

AjDebocidal  Action.— This  was  demonstrated  in  vitro  tor  the  fluidextract  (i :  10.000) 
l>y  ■V«dder,  1911;  and  for  enietin  (i:  loo.ooo)  by\Vherr>-,  iqii,  and  Rogers,  1Q12.  Eme- 
tlsi  i^  probaUy  an  isochinolin  derivative  ( Windaus)  and  therefore  related  Co  papa%'crin 
*y>cJ  narcutin.  Pick  and  Wusicky.  itji5,  lind  thut  these  opium  ullcoluids  also  kill  protocol. 
Marris,  1890.  claimed  tliat  ipecac  more  or  less  freed  from  it*  alkaloids  ("de-emeti- 
IU^^^cl")  is  equally  effective  and  less  disagreeable.  This  U  now  generally  denied.  Vedder 
fckxxrad  it  quite  inert. 

^lu'^fravc,  IQI3,  and  some  others,  have  rcfcrrtd  the  clinical  results  to  the  intestinal 
'■"rita.tion;  and  believe  ipecac  effective  in  all  forms  of  dj-scntcry,  whatever  the  etiolo([>-. 
X^tias    \-icw  has  not  obtained  acceptance. 

Oral  Administration  in  Amebic  Dysentnr. — A  careful  technic  U  required  to  prevent 
V'orrxitinff,  and  to  secure  the  retention  of  the  large  doses  of  iiiecac  which  appear  to  be 
**s»^Mitiar.  This  was  ori^natly  attempted  by  a  preHminar\'  full  dose  of  opium,  followed 
^>"  X  Cm.  of  ipecac  every  four  hours,  or  by  0.5  Gm.  every  half  hour  lor  six  doses.  The 
p«'c«ent  uracticc  is  to  protect  the  stomach  by  giving  the  ipecac  in  pills  coated  with  a 
^«^^wv-\'  (l^  inch)  layer  of  saJo!.  as  in  the  modification  of  Man.'5on's  lechnic  proposed 
"y     S.  K..  Simon. 

Simon's  Method  of  Adminifitering  Ipecac  (Jour.  Amer.  Med.  .-Vssoc.,  Nov.  6,  i^og, 
t*-  I  526).— The  patient  is  directed  to  bed  during  the  treatment  (which  takes  about  two 
'"'*'«>Cs),  and  is  kept  on  a  linht,  mainly  liquid  diet.  After  an  initial  Castor  oil  purge,  he 
'^•^cives  a  single  daily  dose  of  ipecac,  .is  salol-coatcd  pills,  in  the  evening,  three  hours 
***-^r  ihc  last  meal.  The  first  di>se  i>  of  i  or  4  Cm.  This  is  reduced  by  0.3  Cm.  daily, 
^*t»l  0.65  Gm.  is  reached.  This  last  di»e  is  then  continued  for  iwo  weeks,  and  is  sup- 
^*^*Pgntcd  with  daily  colon  irrii^jtion^  with  <MLlt  or  borax  solution.  If  ulceration  has 
**^«n  extensive,  the  colon  is  later  waihed  nith  a  dilute  silver  nitrate  solution.  Tonic 
"^^^Rure*  are  always  necessary. 

-.  '"w  normal  individuals,  3  Gm.  of  ipecac,  given  by  this  method,  produces  generally 
?j|^Tltea,  lasting  some  dayi;  often  considerable  abdominal  pain  and  slight  tenesmus 
*^***»grave,  191 2);  no  depression  and  rarely  vomjiing.  A  patient  took  joo  gr.  in 
^**"*»  days  without  apparent  discomfort  ([Jock  and  Lyons,  igio). 

Ijiecac  has  also  been  administered  by  thi-  thiodenal  cithetcr  (Beck,  t<)ii),  hy  rectum, 
t?*Yt  *Jiroui{h  the  slump  of  an  O'pcratcd  appendix.  It  may  also  be  adminbtcrcd  with 
™^^l*Cf'ji  Rarlb  (".-Vlcresta  Ipecac")  whiih  protects  it  against  solution  in  the  stomach. 
»."'^.  beaiuK  c^  it«  slow  absorption,  does  nut  readily  produce  vomiting  (Kgglcston  and 
■=**■«■<:  her.  1915I. 

Ijypodennic  Treatment  with  Emetln. — This  was  introduced  by 
-^I5crs,  1912,  and  has  been  found  more  successful  and  less  disagreeable 
"^^rx  oral  administration  (review  by  Vuddcr,  1914). 

•       ^ffieiency. — Even  the  first  injection  causes  the  disappearance  of  blood  and  mucus 

T^»>*  the  slook,  decrease  of  diarrhea,  and  reUef  of  pain.     The  symptoms  often  disappear 

-^^*r>letcly  within  a  week,  but  other  cases  arc  more  resiitant.     Practically  all  patients, 

- -^•^■a  moribund,  are  clinically  cured.     This  holds  also  for  the  hepatitis.     Some  retain 

■lebie  in  the  stools,  probably  because  the  emetln  does  not  reach  the  lumen  of  the 

These  carriers  may  be  treated 


V**<^tines;  but  they  suffer  no  !iymptoms  or  rccurrcacc. 
^  local  irritation  with  quinln  or  silver  nitrate. 
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Dosage. — V'edder  advises  30  mg.,  }^  gr.,  of  the  Emetin  Hydrochlorid, 
hypodermically,  three  times  daily  Tor  about  ten  days.  It  would  be  sus- 
pended with  the  cure  of  the  clinical  symptonns,  and  resumed  on  recurrence. 
The  dose  may  be  increased,  if  necessary,  to  2  or  3  gr.  per  day.  Care  must 
be  used  that  the  solution  is  not  introduced  into  the  eye,  as  it  is  verj'  irri- 
tant (Blue,  1915). 

Side  Efiects. — ^Tht  ordinary  dose  docs  not  produce  any  gastro-intcstinaJ  or  jgtn 
dislurbunce,  .and  practically  no  local  reaction  if  l-hc  solulion  is  neutral.  The  lurger 
dosc&  cause  some  nausea,  vomiting,  dcprcasion  and  pain — more  with  intrarnuscular  than 
hypodermic.  Bven  0.25  Gm.  at  one  dose  produced  only  penualent  nausea  (.\Uao). 
0.0^  to  0.1  Gm.  daily  fur  twelve  days  has  caused  paralytic  and  cdcmic  symptoms  (Spchl 
ana  Colhird,  lyu).     Ccphaelin  would  not  be  used,  becauM  nf  its  greater  emetic  action. 

Intravenous  injection  has  also  been  tried,  but  should  be  condemned.  \''eddcr  rigbtly 
cautions  uKaiiLit  it.  Baehrmann  and  Hcinemann,  1913.  had  no  bod  results  with  60  la 
aoo  mg.;  whilst  ,^00  to  400  mg.  gave  severe  effects  in  a  few  minutes:  vascular  paraJ>-sis, 
mark(!d  d>'spnfa,  xmcoosciousness,  vomiting  ami  diarrhea,  very  slow  pulse.  This  e«* 
cecals  tlic  fatal  intravenous  dose  for  ratibiti  (3.5  mg.  per  kilogram.  The  fatal  hypodermic 
di»c  b  much  higher  (?o  mp.  for  rabbits). 

Variability  of  Ctraimercial  Emetin  Hydrochlorid. — The  occurrence  of  two  fatal 
human  casta  led  R.  I.,  [.evv  and  Rowntrec,  1916.  to  investigate  the  toxic  effects,  T^ty 
found  wide  differences  in  the  toxicity  of  commercial  samples.  They  describe  the  taxtc 
phenomena  in  animaU,  and  the  clinical  toxic  cases. 

Emetin  in  Pyorrhea  Alveolaris. — The  supposed  causation  of  Rigg's 
disease  by  endameb^e  prompted  the  trial  of  emetin.     Many  observ 
report  good  results;  but  neither  these,  nor  the  etiology,  are  beyond  di 
pute  (Price  and  Bensing,  1915)- 

Smith  and  Barrett,  .tnd  others,  found  endamcbn  buccalht  constantly  present  in 
le»ons,  and  introduced  the  local  u^c  of  ipecac.  Bass  and  Jones,  19M  And  1915,  are 
espcciiilly  enthusiastic.  Tlwy  report  the  ameba:  destroyed  by  hypodermic  injcctiou 
of  emetin,  o.oj  daily  for  three  co  &ix  days;  or  3  or  3  Alcre&ta  ipecac  tablets  (each  o(  0J63 
Gm.  powdered  ipecac)  Iwour  three  limes  daily  by  mouth,  for  the  same  period.  This  does 
not  produce  nausea,  but  often  some  abdominal  discomfort  or  diarrhea.  The  lemons 
require  a  long  time  to  heal,  and  nriay  become  reinfected,  when  the  treatment  must  be 
repealed.  As  prophylactic,  they  recommend  a  daily  mouth  wash  of  i  or  a  drop>  of 
fluidcxtract  ipecac  in  a  half-gla:3S  of  water.  Evoos  and  Middleton,  1913,  also  report 
success. 

Use  in  Other  Parasitic  Conditioiis.— Kmctin  has  been  unsuccessful  in  iiyphilit^ 
rabJL-s,  Lrypani»s<inies  and  Uicillary  d>'senlcry.  Marked, improvement  was  reported  toe 
sprue  by  Schmitter.  1915. 

Tuberculosis.— Racbum,  1914,  suggests  its  use  (1.5  mg.  hypodcrmiadly)  to  lesaci» 
pulmonary  congestion,  exi>ectoration  and  congestive  hemorrhage.     The  ratiooAle  b 
clear  and  it  requires  coolirniutiuQ. 

Hemoptysis. — Emetin  has  been  tried  In  tubercular  hemopt>'sis,  thc 
reports  being  generally  favorable,  but  requiring  critical  conilrmalion. 
The  mechanism  is  not  explained. 

Flandin,  1913,  claims  immediate  arrest  after  the  h^'podcnnic  injection  of  0.04  Gm* 
mthout  unpleasant  symptonu).  The  injection  may  be  repeated  in  intervals  of  twelve 
to  twenty-four  hours.  Vala-ssopoulos,  iQtj,  used  0.02  Gm.  (aUo  in  rectal  carcinoma).M- 
Nicola,  1914,  employing  the  same  dosage  as  Flandin  in  hcmopt>'si5,  obtained  variabl^^ 
results.  Apparent  »utxesw  (arrest  in  forly-cighl  hour^)  was  obunnwl  mninly  in  tber^ 
early  stages,  with  scanty  hemorrhage  or  high  blood  pressure.  Ulccdiog  from  venous 
confti-i.tion  or  with  low  blood  pressure  was  not  influenced. 

Systemic  Effects. — ^These  occur  only  after  verv  large  h>^podcrmic  or  intravenous^ 
doses.  They  consist  in  paraiytic  xympioms,  among  the  earliest  in  mammals  being  wip — 
molffr  paralysis  with  fall  of  blood  prwsure.  This  is  further  aided  by  ttcoJhnni^  oj  lA^ 
he-art  mttscU  due  to  it«  direct  musclc-acUon  (it  producer  diastolic  arrest  o(  the  tsdutKB- 
frog  heart;  Moulinicr,  1914).     Death  occurs  mainly  by  central  paral>**as. 

If  the  action  has  lasted  any  time,  the  autopsy  ^\ili  show  a  marked  lortro  tmltHtiff 
with  ecchymoses  and  even  ulcers.     EAema  oflke  lungs  from  the  hypersecretion  of  aum* 
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ud  the  weaJc^ned  heart  is  sometimes  scca.  Trcocldcnburg  tinds  a  dilator  action  on 
ad&ed  trachea)  muscle. 

Smooth  Muade. — The  etiecu  have  not  been  cxtcn&ivdy  investigated.  Maurel, 
1914,  describes  for  the  intestines,  stomach  and  blood  vessels  a  primary  increase  of  tonus, 
urge  doses  naraly/jiiK. 

Uric  Add  ExcretioiL — ^Thta  is  iocrcaMd  by  ipecac,  as  by  other  gastro-inle^Uoal  irrw 
liots  (Ab),  1913). 

COMPARATIVE  ACTION  OP  EMETIN  AND  CEPHAELIN 

The  composition  of  the  alkaloids  diiTers  merely  by  a  CH;  radical  (Emctin  *  Ctr 
H*^iOt;  Ccphaelin  =  t'taHMN*,0,;  Curt  and  Ryraan,  1913.  They  also  describe  the 
chetnical  properties).    Their  actioQ  is  similar,  but  some  minor  difftTcnccs  arc  of  thera- 

fputic  importance:  EmeiU  efeci:  Cephaelin  is  by  far  more  emetic  (about  twic«; 
^^Iciton  and  Hatcber,  lyis);  whilst  erne  Lin  is  the  better  aauscaat  Cardiac  effect: 
£zzictia  b  much  more  depressing.  Kidneys:  Cephaelin  is  more  irritant.  Blood  cor- 
ptt^clts:  Cephaelin  is  somewhat  hemolytic  (Paul  and  Cownley,  1901^  Lowin,  igoa; 
wiJ«l,  189s;  of  the  older  popers,  Podwyssotzki.  Arch.  cjcp.  Path.,  11:231,  1879). 

PSYCHOTRIPT 

Psychotrin,  the  third  alkoloid  of  Ipecucuaahii,  Lt  present  in  too  small  amount  to 
be  ixuportanc 

XPECACUAIVHIC  ACID 

A  further  constituent,  ipecacuanhic  acid  was,  until  recently,  con.<(idered  a  bearer 
<rf  t-tK  action  of  ipecac  in  dysentery.  It  has  been  shown,  however,  that  this  tannin  U 
'•i^jctive.  The  ipecacuanhic  acid  paiusesses  all  the  chemic  characters  of  caff  eutanttic  acid 
C*c«^  IndeT),  from  which  it  diflcra  only  by  one  atom  of  oxygen.  The  phartaacologtc 
«tjc»mi  of  these  two  tannins  also  ujtrcc  perfectly  fand  differ  from  ordinary  tannin)  as 
***>"  «fi  neither  antiseptic  nor  astringent  {Kimura,  1903). 

IPSCACUANHIH 
Ipecacuaiihin  is  a  crystalline  glucosldal  constituent  (Finnemore  and  Braithwaite, 


PKEPAKATTONS IPECAC 


^^^' lft(9cuonha  (Ipecac),  U.S.P.;  J  pcxac.  Rod.,  B.P.— The  dried  root  of  Cepbaclis 
4^[r*'^=-«cuanha  (.Psychotria  Ipecacuanha,  B.P.),  Rio  Ipecac.  The  U.S.P.  also  recognizes 
gj_.^~*J«agBna  Ipecac,  from  Cepbaclis  ut 


ucuminuta.     Ipecac  must  yield  not  lcs:i  than  1.75 


jjl^  ■«:5au.  cl  ■ikaldds,  U.S.P.;  a  per  cent.,  B.P.  t6c  drug  was  introduced  into  Europe 
X  ^j*^*-*t  the  end  of  the  seventeenth  century.  Dose,  as  Emetic,  :  Gm.,  15  gr.,  U.S.P.; 
e-t^;^    3  Cm.,  IS  tojogr.,  B.P.,  of  the  powder,  stirred  into  warm  water.     As  Ejqicctorant, 

^^  "^0.03  to  0.12  Gm-,  J"j  to  3  gr.,  B.P. 
*lL*^«mt  researches  have  shown  that  the  Carlhagcna  variety  contains  more  of  both 
3  ^^^'^^'^1  but  particularly  of  Cephaelin.    The  ratio  of  cmcdn  to  cephaelin  varies  from 

^^**etin:  i  cephaelin  in  Rio  to   ^5:1  in  Carthagrna. 
Xj_^'^>'/i^ri.  ipftac.,  U.S.P.;  E.xt.  Ipecac.  U^.,  B.P.;  about  3  per  cent,  of  alkaloids;  the 
0~^~  ^'  0^  contains  i  per  cent,  of  HCl.     Dtue,  as  Kxpcctorant,  0.0J  c.c,  1  minim, 

"^-P.;  0.04  to  0.1S  cc,  W  to  a  minims,  B.P. 
Xt^^2l'^*^-  '■****^  ''  ^P*''  U.S.P.;  Puh.  tpfcac.  C«.,  B.P.;  Dover's    Powder.— (See 

^Jyt.  Ipecac.,  U.S.P. — 7  per  cent,  acidulated  with  .\cid.  Acrt.     Dttse,  as  Expccto- 
^^^  i  ex.,  15  minims;  as  Eroctic,  15  c.c,  4  drams,  U.S.P. 

-f^iecac  S>Tup  of  the  International  Protocol  is  coily  }^  the  strength  of  the  U.S.P. 
^Trock.  /^«jc     B.P.— 0.01$  GoL,  H  gr. 
^^m.  Iptcac,  H.P.— 5  per  cent.     Dose^  0x6  to  t.8  ex.,  10  to  30  minims;  as  Emetic, 


'^^fc. 


»t 


^  JO  ex.,  4  to  6  drams,  B.P. 
^r***»  vviable  amounts 


:nieL  HydrochL),  U.S.P.,  C»H«NiO,  2HCI.— Con- 
—  -—.^^  .....,»„»  of  water  of  crystallization.  White  or  yellowish  crystalline 
^^«Im.  Freely  wl.  in  water  yr  alc  Dose,  so  mg.,  }i  gr.,  U.S.P..  hypodermic;  by 
^^^%h,  as  Expectorant,  5  to  10  mg..  H  to  |^  gr.;  as  Emetic,  to  to  30  ing.,  )^  to  H 
v<       Cara  must  be  used  to  keep  it  from  contact  witlt  ihe  eyes,  aa  it  is  hi^ly  irritanL 
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Cfphadina,  N.N.R..  Ci4HioO:N. — Dose,  5  lo  10  mg.,  Hj  to  J<  gr-,  in  pais  oris 
powder  with  sugar. 

Chaparro  Amargosa  (SimanibarcK),  a  Mexican  plant,  has  been  tried  in    jjnebtc 
(1>-Bcntcr>-,  with  apparently  surce^ful  resulu,  and  without  bad  effects.     Tbe    tuttn. 
infusioa  is  used.    It  IcUis  cndamcbos  (Nixon,  1914,  1916). 


THERAPEUTIC  USE  OF  NAUSEANT  EXPECTORANTS 

Small  doses  of  emetics  produce  only  some  increase  of  the  bronchial  ai 
salivary  secretion  and  sweat,  which  is  useful  in  the  early,  congestive 
("dry"J  stage  of  colds  and  in  "dry"  coughs.  The  dose  should  be  suffi- 
ciently smaO  to  minimize  general  depression  and  noticeable  gastric  dis- 
turbance, although  this  sometimes  can  not  be  avoided.  The  nauseants 
should  be  given  every  two  lo  four  hours. 

For  the  "abortion"  of  colds,  the  ipecac  is  most  useful  in  the  form  of 
"Dover's  Powder,"  0.5  Gm.  at  night.  In  the  congestive  stage,  the  syrup 
of  ipecac  may  be  used.  Tartar  Emetic  may  be  substituted,  but  is  more 
depressant,  and  its  continued  use  may  give  rise  to  poisoning.  Its  expec- 
torant dose  is  5  rag.  (^-{2  gr-);  or  t  c.c,  15  minims  of  the  Vinum  AntimonJi 
(=4  mg.,  K5  ET-)-  This  is  also  one  of  the  constituents  of  the  Mistura 
Glycyrrhizfe  Composita. 

\^scid,  adherent  mucus  may  be  thinned  by  Ammonium  Chlorid  or 
Carbonate  (0.2  Gm.);  or  Potassium  Iodide  (0.2  Gm.);  or  by  the  irrilanl 
saponin  of  Syrufms  Senega:  (2  c.c).  The  Compound  Syrup  of  SquiU 
(1  c.c.)  savors  of  "ahot-gun"  prescribing. 

The  reactions  of  the  salivary  center  hnve  been  studied  by  V.  E.  Hendfrson.  ipto. 
Be  &nds  that  this  is  readily  depressed  by  anesihetks  and  by  morphin,  even  in  &mall 
doses;  ladids  und  other  ^15  do  not  cauoe  acute  cumulation,  but  muy  act  re6exly. 
Emetitt  stimulates  both  directly  .ind  rcAcxIy,  also  ammenium  sails,  but  with  tbe»  the 
reflc3i  stimulation  is  the  more  important.  Antiimmy  acts  only  rcfleKly,  Afiopwrpkim 
only  centrally. 

Broochial  Secretioa.— J .  L.  Miller,  1914,  could  not  demonstrate  any  cflect  with 
therapeutic  doses  of  emftin,  ammonium  chlorid  or  carbonate.  Large  doaes  produced 
ati  tiKrir;ise.  even  \v1h-i\  administered  by  duodenum. 

Site  of  Action  of  Miscellaneous  Emetics. — Thi^  has  been  investifaied  by  EKgle«toa 
and  Hatcher,  1915.  A  drug  muy  be  considered  to  act  directly  on  the  center  tf  crocsis 
occurs  with  smaller  dose*  ajid  more  rapidly  when  the  drag  is  jpven  by  vein  than  by 
mouth;  and  if  the  phenomena  of  oau&ea  and  the  motions  of  emc^is  occur  after  the  whde 
alimentary  tract  has  been  removed.  According  to  these  criteria,  they  found  that  the 
emetic  action  of  most  alkaloids  is  central;  namely,  apomorphin,  morphin,  nicntin, 
lobelin,  aconitin,  veratrin,  pilocartiin,  quiiiin  and  crgol;  as  also  picrotoxin,  digitalis, 
and  sodium  salicylate  With  ipci:ac,  the  local  action  pzobaUy  oootributes  t 
result. 


LOCALLY  ACTING  EMETICS 


The  aflfcrcnl  paths  which  may  relle.tly  stimulate  the  vomiting  centers 
arc  very  numerous;  but  for  practical  LherapcuUc  purposes  only  those  of 
the  pharynx  and  gastric  mucosa  are  available.  Not  ever>'  form  of  gastric 
irritation  results  in  vomiting — the  kind,  ratfaer  than  the  degree,  of  irrita- 
tion being  important.  This,  and  the  necessity  of  avoiding  severe  local 
and  systemic  effects,  limits  the  number  of  irritants  which  may  be  used  as 
therapeutic  emetics.  However,  there  is  still  a  wide  choice,  atiapted  to 
the  various  indications. 


LOCALLY  ACTtNG   EMETICS 
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CUPRI  SULPHAS  AND  ZINCI  SULPHAS 

These  act  practically  alike,  provoking  the  vomiting  reflex  before  there 

time  for  any  other  local  irritant  arlinn.     They  are    not   absorbed 

(unless  the  stomach  is  corroded),  and  therefore  do  not  lead  to  any  systemic 

effects.     Vomiting  occurs  with  certainty  in  a  verj'  few  minutes.     The 

n3.us«a  is  therefore  short,  and  the  after-depression  is  small,  constituting 

Ojn  a-dvantagc  over  a]>omorphin.    They  are  especially  useful  to  empty  the 

st-omach  of  indigestible  food  or  poisons  (provided  that  these  are  not 

corrosive).    Copper  sulphate  is  of  especial  value  in  pliosphonts  poisoning 

if    any  of  the  poison  is  still  in  the  stomach,  since  the  metallic  copper  is 

precipitated  and  forms  an  impermeable  coating  over  the  unabsorbed 

phosphorus  particles. 

The  emetic  dose  of  copper  sulphate  is  about  0.25  Gm.  in  i  per  cent, 
solution:  that  of  zinc  sulphate  is  about  r  to  2  Gm.  They  may  be  repeated 
in  fifteen  minutes  if  necessary. 


r. 


MUSTARD 


A  teaspoonful  of  powdered  mustard  in  a  cup  of  warm — not  hot — 
water,  repeated  every  fifteen  minutes  is  a  rather  uncertain  emetic,  but  a 
useful  emergency  remedy  in  poisoning,  when  the  patient  is  already  dis- 
posed to  vomit.  SoU  waler,  or  even  plain  warm  water,  or  tickling  of  the 
muies,  may  be  similarly  useful. 

ANTIMONY 

In  the  form  of  Anlimony  and  Potassium  Tartrate  (Tartar  Emetic)  antimony  acts 
WMlar  to  Copper,  by  a  purely  locaJ  effect,  but  its  use  shouUl  be  avoided,  since  it  is  very 
drpresang.  It  Ls  fairly  easily  absorbed,  so  that  o.i  (jm.  has  repeatedly  proven  fatal. 
Toe  orriinary  emetic  d(»e  is  30  mg.;  and  if  this  13  not  effective  in  an  hour,  it  would  be 
*tll  to  give  tannin  as  an  anbdote. 

EBIESIS  AS  AN  UNDESniABLE  SIDE  ACnON 

Tlus  occurs  with  Digitalis,  Squill,  .\pocyaum,  tbe  Salicylates,  Senega  and  a  veiy 
1*H  niunber  of  otiier  flniK*.     The  aclimi  may  be  lociil  or  central,  often  boUi. 

THERAPEUTIC  USE  OF  EMETICS 

£raetics  are  employed  especially  for  the  foUowitiR  purposes: 
Id.  Acute  Poisoning. — The  need  for  evacuation  of  the  stomach,  and 
iherolaiive  ad\aniagc'Sof  gastric  lavage,  has  been  discussed  underthe  Gen- 
eral TTfcatment  of  Poisoning  (see  Index).  It  must  be  remembered  that 
cmeiici  arc  int-fffctive  in  profound  narcosis  (by  chloral  or  chloroform, 
Hamaxk,  1874;  by  morpUn,  bromid,  etc.). 

"^  Acute  Indigestion. — Here  also  lavage  would  deserve  the  preference. 
^pomorphin  is  often  very  effective  in  e.\posing  malingering. 

^  o  nmore  solid  bodies  from  caophagus,  pharynx,  or  upper  oir-passuges.  How- 
eve'"  *ccwding  to  de  la  Pax  and  Garcia.  1916,  emc&is  doc*  not  dislodge  solid  bodies 
tto*^  trachea  or  bronchi,  but  may  drive  them  deeper.  Plugs  of  mucus,  however, 
O^ybe  displaced  by  increased  secretion  of  mucus.  I-^mcsLi  may  cut  short  an  attack  of 
«r*Wi {Hoover  arid  Taylor,  lyis). 

^Oause  compression  of  tbe  liver,  for  the  removal  of  bile  and  .small  K^ll-stoncs  from 
tbCfd-Uadder  and  ducts:  The  usefulness  of  this  measuie  is  perhaps  doubtful;  since 
iJiCiltcitlaes  aic  also  compressed,  tlic  added  vis  a  tergo  can  not  be  very  effectual,  and 
no  Cbc  other  hand  it  might  rupture  a  distended  gall-bladdcf . 
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Contraindications  to  Emetics.— These  are  mainly  due  lo  increase  of 
pressure  and  lo  debilitalion,  and  are  as  follows: 

1.  Severe  heart-defects,  or  aneurism  of  the  aorla,  since  the  sudden  and 
violent  increase  of  intrathoracic  and  intraabdominal  pressure  may  result 
in  the  rupture  of  these  organs. 

2.  Atheriyma.  The  sudden  changes  in  blood  pressure  are  apt  to  burst 
a  vessel  and  produce  apoplexy. 

3.  Similarly,  they  may  lead  lo  hemorrhages  in  phthisis, 

4.  Abortion  may  result,  in  advanced  pregnancy. 

5.  Tendency  to  hernia. 

6.  In  all  debiHtaled  cottdUions  there  is  danger  of  collapse. 

7.  Caustk  poisoning. 


THE  PHARJtfACOLOGY  OF  HEAT  REGULATION* 

General  Statement. — In  warm-blooded  animals,  any  dcpariurc  from 
the  normal  temperature  disturbs  a  variety  of  functions  more  or  less 
profoundly.  These  disturbances  tend  automatically  to  restore  the  nor- 
mal temperature.  Heat  production  and  heat  dissipation  both  have  a 
share  in  this  regulation,  and  may  be  brought  into  play  either  directly, 
or  through  reflexes.     The  automatic  compensation  or  regulation  is  very 

Eerfect  under  ordinary  conditions  and  with  norma!  animals.  It  may 
ecome  inadequate  if  any  of  the  factors  entering  into  it  arc  powerfully 
altered,  whether  this  alteration  be  central  or  peripheral.  The  tempera- 
ture may  thus  rise  or  fall.  The  changes  usually  involve  several  factore, 
at  least  secondarily.  These  var\'  with  conditions,  which  arc  often  difficult 
to  analyze.  Many  of  our  data  are  therefore  incomplete^  confusing  and 
often  contradictorj'. 

It  is  attractively  convenient  lo  assume  a  special  heat  regulating 
mechanism — a  physiologic,  if  not  anatomic  "heat  center."  This  ^^-ould 
be  located  particularly  In  the  corpora  quadrigcmina,  but  diflused  more  or 
less  throughout  the  whole  midbrain.  The  center  could  be  conceived  as 
a  sort  of  thermo-regulator  which  is  ordinarily  "pitched"  for  the  normal 
temperature,  but  which  may  be  adjusted,  by  stimulation,  to  maintain  a 
higher  temperature;  then  brought  back  by  depressants  to  its  normal 
pitch,  or  perhaps  even  adjusted  lower.  However,  there  is  no  binding 
evidence  for  such  a  specialized  "center,"  and  its  acceptance  is  not  necessary 
for  the  explanation  of  the  phenomena.  Indeed,  it  may  rather  interfere 
with  a  clear  understanding  of  the  facts.  On  the  contrary,  the  mechanism 
of  heat  regulation  may  be  conceived  as  analogous  to  blood-pressure  regula- 
tion: Any  departures  from  the  normal  will  alter  the  physiological  condi- 
tions, and  therefore  the  functionation  of  a  number  of  organs  and  centers; 
and  these  alterations  generally  tend  to  restore  the  normal  level  of  the 
temperature. 

Many  of  Llicse  fuels  bclonf;  rather  l»  Ihv  domain  nf  physiology  &n(]  patbolo^; 
but  it  may  not  be  amus  to  .-iumraarizc  those  which  kxk  necesisafy  for  prcMntinj;  UM 
pharmatiil(.»>;ic  plit-numcna. 

Heat  Productioa. — llcat  is  evolved  in  the  destructive  metabolism  of  the  tiwics, 
particularly  the  muscles  and  slancb,  and  thb  funnshcs  ihe  "cfaemirftl  factor"  io  html 
rei^lation.     The  productioa  0?  beat  k  tbuii  .1  pArt  of  ordinary  meuboUun.     It  may  be 

>  ComprrheasivQ  biblioenphtei  c»n  l)t  found  in  tb«  review  of  O.  Lacwi.  Bnteb.  PhytfoL^  1904; 
W.  C.  MkCkIIuhi.  Hftrvejr  Le«t.,  t90S;Biid  Krohl.  Pathol.  Phriiol. 
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increased  by  fcreatcr  acti\*ity  of  the  organs;  as  b^'  digestion,  by  muscular  work,  or  even 
by  increased  muscular  *'  lone."  It  may  also  be  increased  by  overfeeding  and  by  iniiiry 
and  other  destructive  changes,  as,  for  imtcaoce,  the  increased  tissue  destruction  of  in* 
fectioui  fevers. 

Conversely,  the  production  of  heal  may  be  dimimsh^d  by  reducing  metalxtlism;  by 
quietioR  the  muscular  movements  wiLh  morphia;  by  Lowering  their  lone  with  ether;  or 
paralyzing  them  with  curare;  by  starvulJon  or  by  deprivinR  an  nnitnal  of  iLs  Klycopcn; 
u>'  rcdudiuc  nitrogen-metabolism  with  quinis;  by' reducing  the  circulation  by  \*asomotor 
or  cardiac  depression  (collapw),  etc. 

Importance  of  the  Chemic  Regulation. — Thi»  may  be  judged  by  the  fact  that 
animaU  bctiome  praitically  poikutlitrrmiil  when  ihcy  are  paralywd  by  curare  (Pflueger, 
1878)  or  by  high  section  of  the  cord;  that  glycogen  free  animau  are  not  rendered  febrile 
by  "heat  puncture,"  etc. 

The  ^*8peciflc"  heat  production  (as  distincuished  from  that  incidental  to  ordinary 
physiological  activity)  is  doiihclc&s  under  the  control  of  the  central  nervous  sygtem; 
the  muscular  lone,  tor  instance,  dcticnds  on  ihc  spinal  cord.  The  special  relation  of  ibc 
corpora  ouadrigeminn  to  hent  pn^jction  is  seen  in  "he^Lt  puncture." 

Beat  Dissip«tioa.— Meal  is  lost  mainly  by  the  respiration  and  skin — partly  by  heat- 
ins  the  air,  and  parity  thruush  the  aqueous  va|nir  of  Ihe  lungs  and  perspiralion.  The 
relative  importance  of  these  cbanncl^i  of  heat  lo»s  difTcrs  in  diflcrenL  aainuib  and  in  the 
msot  tndivutuids,  according  to  circti mourners.  In  ninn.  the  skin  is  the  chief  means  of 
rcguliiting  the  heat  loss;  this  would  be  increased  by  cul\ineotts  vasodHiition  and  by  tfio* 
fhnrf%lt.  TlH-».e  arc  therefore  the  "ph>-sicfll  factors"  of  hciit  regulation.  On  account 
of  ihdr  quick  rtspons*.  and  lesser  mtcrfcrencc  with  the  body  at  large,  they  naturally 
COOKlilule  the  miiin  means  of  rcculatinn  under  ordinary  conditions.  VasodJlu  I  inn  of 
Ihe  cutaneous  vcisels  nuy  he  bnniKht  about  directly  by  the  local  application  of  heal 
and  cold;  but  this  also  acls  rcRe.i:ly  so  ihat  the  entire  skin  responds  to  strictly  local 
variation  of  tcmpor-iiurc     The  m;viLitii>n  of  sweat  is  predominantly  central. 

RegabtiOD  0%  the  Heat  Loss  Through  the  SkiD.~rjbV  gcttrraiiy  inuttves  a  sptcifie 
tuiioH.  ffuirai  or  prribktrai,  on  Ihr  lonf  of  thr.  cuiantous  taseis,  often  comlanjd  v,-ith  ine 
opposiitc  change  tn  tne  tone  of  the  systemic  vcskU.  Such  changes  arc  a  eonspicuous 
feature  of  the  varioti^  fevers,  and  may  take  either  direction.  Tne  pyretic  agent  may 
coDccivably  act  either  directly  on  the  controlling  centers;  or  indirectly,  by  calling  for 
compensation  against  altered  heat  production,  etc.  The  cutaneous  circulation  may  also 
be  influencMl  by  a  ^tccific  central  atlion  of  certain  drugs,  especially  in  the  sense  of  vaso- 
tlilation.     This  is  seen  most  l>'picallv  with  anlipyhH  and  Ihe  rtiated  anlipyrrlict. 

Th*  H^pothatlcal  Thenooregulating  C«nters.'— The  heat  regulation  is'diiiturbed  by 
operative  mterfcrencc  with  certain  parts  of  the  central  ncr\'ou5  s>-stcm.  High  section 
01  ihe  spinal  card  destroys  heal  reKulalion  comjilrtely.  .\blatiun  of  the  cerebral  hemi- 
spheres has  little  effect.  Traumatic  or  electric  irritation  of  various  parts  of  the  mid- 
bfiain  (particularly  the  corpus  striatum  and  the  ponto-bullHir  junction)  produces  &  rise 
of  temperature. 

Dirrci  ApplkiUlan  u>  Heat  Ccntm. — Heal  regulation  is  markedly  affected  by  the 
direct  application  of  hoat,  cold  or  drug»  to  the  region  of  the  caudate  nucleun.  The 
tempeTiiuie  it  thus  ratsrd  by  cold,  corrosive  pui^H>ns.  calTein  or  "tetra;"  it  is  Imvari 
by  heatt  chloral,  antfpyrin  or  quinin  applied  to  \.)\\s,  region  (Barbour  and  \S'ing,  iqis; 
Ooctta  and  Wascr,  1914:  Uajinimotu,  1915).  Indeed,  the  drugs  are  more  efTeclive  in 
this  way  thin  intravenously. 

Local  Ileal  to  the  corpus  striatum  of  rabbits  dimbisbes  the  oxidative  metaboUsm 
and  the  respiratory  volume;  local  cooling  of  this  region  produces  Ihe  oppofiie  effects, 
also  sbtvcring  and  fall  of  body  temperature.  The  oxidative  rhangcs  arc  contributory 
cau»e«,  rather  than  effects  of  the  change  of  body  temperature  (Barbour  and  Prince, 

Dirttt  ffeaiint  dud  C^Htline  ofCmlrr  on  Rffponsr  lo  Drugi. — This  has  been  studied  by 
BaahiinoLo,  1Q15.  ile  fouTin  that  it  ha.s  no  mtliicnce  on  the  febrile  reaction  to  tetra, 
cptnephrin  or  lar^^e  doses  oj  cocain  (symi>athctic  stimulants);  but  that  it  modifies  toxin, 
«alc  and  anaphylactic  fever. 

The  aatip>Telic  action  of  antipyrin  and  salicylate  is  markedly  increased  by  hcatf 
removed  by  cold.  After  quinin,  heat  19  effective,  cold  not.  Morplun  removed  the 
rc^KHue  to  both  beat  and  cold. 

Btat  Cfntffs  »>/  Rabtrit. — Iscnschmidi  nnd  Schnitzler.  iqu.  find  the  tuber  clncrcum 
iJbc  moftt  important.  The  efferent  libera  lie  in  the  caudal  portion  of  the  midbrain, 
wi(J^  srjiltcrcil  ovtT  the  venlnd  and  median  partA  of  the  cross-ser  I  ion. 

The  tuber  cincrcum  is  not  the  only  center  concerned  in  temperature  regulation;  but 
tbia  fatlt  if  thbi  portion  is  destroyed,  whilst  the  pre4er\-ation  uf  a  part  of  tlie  fibers  suBtces 
fuf  t^  function. 
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Direct  or  Incidental  Regulation. — The  fact  that  the  corpus  striatum 
or  tuber  ciiiereuni  is  intimately  concerned  in  heal  regulation  has  been 
taken  as  evidence  that  liic  regiilation  of  heat  is  centralized  in  these  divi- 
sions  of  the  midbrain.  Strictly  speaking,  however,  it  proves  only  that 
these  lie  in  the  nervous  path  of  some  of  the  factors  concerned  in  heal 
regulation;  the  heat  changes  might  be  an  incidental,  rather  than  a  specific 
part,  of  their  function. 

ApparenUy  the  sUongesl  argument  for  a  center,  or  set  of  centers,  having  for  thdf 
specific  functiaa  the  regulation  of  the  temperature,  lies  in  the  surprising  accuracy  amd 
adaptiihUity  of  this  regulation.  The  moiatenance  of  a  constant  temperature  $eeim  to 
call  for  a  thcrmij- regulator  of  some  sort.  Even  more  impressive  is  ttie  remarkaUy 
efficient,  one  miRht  Jiay  intelligent,  adaptation  of  the  means  to  the  end.  Of  the  numerous 
possible  wny-s  of  compcn^iting  any  depiirturv  from  the  normal  heat  production  or  dissipa- 
tion, the  oTftanism  scciris  to  choojie  that  which  will  effectively  and  conveniently  accom- 
plish the  purjwsc,  under  the  given  act  of  conditions.  This  holds  not  only  for  tiie  main- 
tenance of  the  normal  temperature,  hut  whenever  there  i<;  a  departure  from  normal, 
there  is  a  similar  ellicicncy;  when  the  temperature  is  to  rise  in  fever,  ihc  rise  b  actom- 
plished,  on  the  whole,  hy  a  ^uriicii^uft  selection  of  the  mo&t  efTective  or  convenient  means; 
at  the  acme,  the  Interplay  is  readjusted,  most  intelligently,  to  prcMTve  this  higher  tem- 
perature; and  when  it  comes  time  for  the  temperature  to  fall,  the  clKrice  of  nteans  ii 
again  made  u-ith  similar  wisdom. 

In  brief,  we  appear  to  have  a  t  her  mo- regulator,  adjustable  (o  various  temperatures- 
to  37"  in  health;  to  40**  in  fever;  to  37°  again  by  antipyretics;  and  (hi*  regulmtor  works 
with  a  distriminuling  judgment  ami  choice  of  means  which  seems  to  demand  a  superior 
order  of  intclhgencc  and  "free  will."  These  psychologic  attributes  bnns  scared/ 
conceivable  in  a  ph>'siuloKiciil  funition,  the  very  perfection  of  the  mechanism  lends  to 
become  a  refutation  of  a  specific  hcat-rc(;ulating  center. 

Analogy  of  Blood- pressure  Rt%ul<slion. — One  must  turn  to  a  simpler  explanation;  and 
here  a  pretty  fair  analogy  presents  itself  in  the  maintenance  of  the  normal  blood  pressure. 
This  also  involves  a  number  of  factors — the  work  of  the  heart  and  the  tone  cA  the 
vessels — which  may  be  altered  in  a  number  of  wa)-s.  ^^'hcn  one  of  these  (actors  is 
altered,  compensatory  changes  occur  in  the  other  factors,  so  that  the  resultant  blood- 
pressure  is  geaerally  fairly  level,  just  as  is  the  lemikcrature;  and  like  the  temperature, 
Its  height  or  "pitch"  can  be  "attuned"  lo  various  levels.  The  essential  feature*  of 
blood-pressure  regulation  therefore  appear  quite  amilogous  to  those  of  best  regulation, 
but  no  one  speaks  of  a  specific  "blood-pressure  center."  The  difference  lies  in  this,  that 
in  the  case  of  the  bluod -pressure  regulation,  vm  have  u  fair  knowledge  of  the  factors 
Involved,  whereas  with  the  heat  regulation,  our  knowledge  is  much  less.  One  differ- 
ence may  be  urged  between  the  two  functions,  namely,  that  the  temperature  runs  much 
more  constant  than  does  the  blood  pres<iure.  It  i^  dangerous,  however,  to  institute 
quantitative  comparisons  between  two  things  whose  nature  is  so  dissimilar.  Bui  e^■ca 
il  this  diiTerence  lie  im|K»rtanl,  it  need  only  mean  that  the  compensating  functions  are 
affected  more  powerfully  by  changes  in  temperature  than  they  arc  by  chances  in  blood 
pressure,  which  is  likely  enough.  The  cs?.entiiil  thinR  in  cither  case  is  this:  that  the 
regulation  is  not  effected  by  a  specific  presiding  center;  but  that  changes  in  any  f»e 
factor  alter  the  phyiiotagic  stele  of  ail  tke  otiur  factors,  (antral  and  pfriphtral,  and  tkux  brimg 
abetU  changes  in  their  functiott,  which  gcnrraily  result  in  compensation;  and  these  cktrnta 
will  conlin  ite  until  Ike  itrigiital  physiologic  state  of  all  the  facJofS  is  restored;  that  is,  imtU  tht 
wht?le  condition  has  returned  lo  tke  normd. 

It  is  scarcely  necessary  to  add  that  the  share,  and  therefore  the  practical  importance, 
of  the  different  factors  i^  unequal.     In  this  sense,  we  may  s]»cak  of  the  coipura  striata 
as  one  of  the  important  "heat  centers,"  raeaninK  thereby  onlv  that  they  have  a  ^ 
important  relation  la  heat  production;  but  in  the  »ime  f-trnst,  tne  central  station  for 
cutaneous  vessels,  and  for  muscular  tone^  or  for  con%-ul^'ons,  arc  also  important  "bet' 
center-i." 

It  is  one  advantage  of  this  conception,  that  it  emphasizes  the  impartial  study  of  the 
actual  phenomena  of  hrat  rqi^uluticin.  These  are  romplrx  enough,  but  one  may  hoM 
to  trace,  eventually,  the  primary  cause,  the  starting  point,  of  a  given  change,  and  tlic 
chief  secondary  changes  to  which  this  gives  ri-.c.  These  will  vary  under  different 
conditions,  each  of  which  tnW  need  to  he  investigated  by  itself.  This  accounts  for  the 
many  imperfections  of  our  knowledge  and  far  the  many  apparent  coatradictioos.  II 
will  therefore  be  wisest  to  restrict  ourselves  to  those  data  which  are  pretty 
established. 
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'dkods  of  Studying  the  Mechanism  of  Heat  Regulation. — Calorimetric 
iurements  give  the  mosl  comprehensive  information  of  the  relation 
of  heal  loss  and  heal  production.  The  calorimeter  gives  directly  the 
quantity  of  heai  lost;  and  from  this,  and  tiic  changes  in  internal  tempera- 
lure  of  the  animal,  (he  htat  production  can  be  readily  calculated.  The 
share  of  the^nitrogen  and  carbon  metabolism  in  the  heat  production  may 
be  deduced  from  the  nitrogen  and  carbon  dioxid  excretion,  and  from  the 
consumption  of  oxygen.  The  changes  of  the  cutaneous  vessels  and  their 
share  in  the  heat  loss  may  be  deduced  from  direct  inspection  of  the  skin, 
from  comparison  of  the  dermal  and  internal  temperature,  and  from 
plethysmographic  observations.  The  means  for  localizing  the  effects 
centrally  or  peripherally  will  be  discussed  as  occasion  arises, 

KEACTIORS  WHICH  RAISE  THE  TEBttPERATURE  (PYRETICS) 

Any  increase  of  heat  production  or  diminution  of  heat  loss  would 
lend  to  raise  the  temperature;  but  ordinarily,  the  tendency  is  oflset  by  com- 
pensatory reactions.  A  signiiJcanl  rise  of  temperature,  i.e.,  fever,  will 
occur  only  if  the  change  exceeds  the  capacity  of  compensation,  either 
because  it  is  extraordinarily  great  or  because  it  involves  more  than  one 
factor.  This  break  in  compensation  may  be  caused  by  a  large  number 
of  agencies,  acting  through  different  niechanisras;  only  a  few  of  these 
need  to  be  considered  here. 

He«t  Puncture. — ^The  essential  element  of  "puncture  fever"  seems  to 
be  increased  heat  production,  by  increased  carbon  metabolism,  especially 
of  hepatic  glycogen.    The  compensator)*  heal  loss  is  not  adequate;  but 

I.  it  is  not  known  whether  this  disturbance  is  direct  or  Indirect. 
,  H«at  Puncture  is  important  niaJn)^  becau.'^  it  Is  t^  easily  subject  to  experiment  thai 
It  is  perhapft  bcAt  adapted  for  elucidaling  the  nature  of  februe  and  antipyretic  processes. 
r  I.  Ott:  Richeti  and  .\run3»hii  and  Sachs,  18S4  Lo  1885,  oou'ly  simulianmusly  dis- 
icovered  ibal  a  stab  into  the  curpnra  striata  of  rabbits  causes  a  rise  of  temperature, 
vtartioK  is  a  few  hours,  reaching  a  coDsidcrablc  height,  and  lasting  for  Mime  days 
f  Technic  in  Aronsohn  and  Sachs).  The  effect  can  then  he  repratn)  by  a  fresh  puncture 
Init  faiU  if  the  destruction  is  extensive.  It  can  also  be  evoked  by  electric  stimulation  of 
this  region,  *o  that  it  consists  evidently  in  ihe  stimuJaiian  of  a  function  CQnyrned  in  hetU 
rrfrntiition. 

Relatioa  of  Heat  Productioo  and  Dissipation. — Calorimetric  cspcrimcnts  show  that 
the  rise  is  due  to  incrca^-ed  heal  production  <,Kiihet,  iSqs),  u-ilh  partial  compensation  by 
iDcre&sed  heat  loss.  During  the  ascent,  the  hc:tt  formation  and  loss  are  both  increased, 
bat  the  loss  lags  behind.  When  the  high  level  is  reached,  tlie  heat  formation  lessens 
aomcwbut.  and  the  dissipation  increases,  so  that  the  temperature  runs  constant.  In 
ti»c  descent,  both  decrca-tf,  but  t~.pit"ially  the  heat  fomialion  (Schultze,  ift^q). 

Mechanism  of  the  Increased  Heat  Production. — This  is  due  to  increiused  carbon 
metabolism  (tncretiMnJ  C'Oj  excretion).  The  nitrogen  cicretiun  may  also  be  increased, 
but  this  Xi  not  r«s«niial,  and  Xh  probably  secondary  to  the  h>'porpyrexia. 

The  ri«e  occurs  in  curarized  animals  (.lUrsch  and  Mueller,  ii>03)  so  that  the  muscular 
Oetmbolism  is  not  essential,  thouj^h  il  may  piny  a  part.  Ot)xogen-frcc  animals  do  not 
ahow  a  rts«  (Roily,  t<)D,0-  The  liver  temperature  is  high.  Theite  fact^  ir>dicate  that 
heat  puncture  arl!>  mainly  by  increasing  the  hepatic  metabolism.  Walbaum,  1913, 
bowevcr,  lKJieve>.  that  the  m.ijn  factor  is  central  stimulation  of  Ihe  cutaneous  vessels. 

»  Regulation. — The  uniform  course  ol  the  temperature  shows  that  the  disturbed 
functions  have  struck  a  balance — in  other  words,  that  there  is  some  "regulation." 
When  the  temperature  is  lowered  artificially,  by  cxtcnul  cold  or  by  antip>Tctics.  il 
•00a  recovers  its  former  high  level  ^Schubze). 
TTte  Pamla-imihar  "Cenlrr." — Tschedschichin,  i866,  obsserved  that  the  temperature 
riaei  when  a  •cction  i»  made  at  the  junction  of  the  pon^  and  medulla;  the  same  result 
follows  eJcclric  •^timulaliun  of  this  region  (llvidentiain.  1870)  and  iicitation  of  various 
other  parts  of  the  midbrain. 
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The  Hyperpyrexia  of  Infection. — The  essential  element  of  infeclive 
fever  appears  lo  be  a  disturbance  of  the  cenlral  lone  of  the  cutaneous 
vessels,  making  the  heat  loss  absolutely  or  relatively  inadequate.  The 
heal  production,  and  particularly  the  nitrogen  metabolism,  are  generally 
increased;  but  this  is  not  essential,  and  does  not  exceed  the  limits  which 
are  easily  compensated  in  normal  animals. 

JletU  Prod Hciic/n.  — la  ihc  asccrl,  this  is  generally  increased,  but  it  may  l>e  normal  or 
evt-n  ilimini^hed.  The  same  holds  true  for  the  plaleau.  In  the  descent,  it  b  generally 
dimini.'^hed,  particularly  if  ihc  fall  occurs  by  lysis. 

IncTitaaeu  heat  proiluctioo  \s  therefore  a  characteristic,  though  not  a  constant  feature 
of  the  rise;  but  this  dues  ik>i  prove  that  it  is  the  essential  cause  of  the  rise  The  greatest 
iacreoM  U  witnessed  in  the  initial  chill,  and  is  largely  due  lu  the  shivering  movemrnts. 
This  caUK  disappear;,  as  the  temperature  rise«;  but  now  the  incrca&cd  activity  of  ibe 
heart  and  respiration  furnLsh  further  causes  for  increased  heat  priwluction.  TTie  hi|her 
temperature  of  the  body  muRC  also  accelerate  oxidation.  The  toxin;  of  the  infcctiODft 
undoubtwJty  cause  more  or  les*  cell  destruction,  and  this  material  must  be  oxidised. 
A  Urge  share — possibly  all — of  the  iiKreased  heat  production  tfi  thus  purely  incidental; 
and  whilst  it  doubtlc&s  facilitotes  the  rise  of  temperalure,  it  cflJi  not  be  considered  as  tbe 
essential  element. 

The  site  iff  the  iuat  produrtion  is  the  isatne  as  in  normal  animak;  for  the  temperature  of 
the  internal  organs  show  the  same  rclntinn  as  in  heaUh—t  he  liver,  forinstjuice.  being  tbc 
warmest,  i-'rom  this  it  can  be  aSirm«l  that  tbe  glands  and  muscles  both  participate 
ID  the  increase,  but  nut  neces-yirity  in  the  normal  ratio — presumably  this  would  differ 
according  to  circumstances. 

Oxidation. — The  energy  for  the  increased  heat  production  b  furnished  by  oxidative 
changes;  and  with  adequate  food,  the  main  source  consLnLs  of  non-nitrogenous  material. 
The  glycogen  in  particular  tend^  to  disappear.  However,  the  nitrogen  metabolism 
shows  a  charactenstic  relative  increase  Emm  a  number  of  cau.ses. 

Total  Nitrogen  ExcrelioM.^\iiazz.iM:t\  nitrogen  metatmlism  is  a  neariy  constant  fea- 
ture of  infeclive  fevers.  The  increa^!,  however,  docs  not  run  parallel  lo  the  fever;  it 
may  start  before  nt  after  the  rise;  and  it  generally  reaches  its  m.iKimum  after  tbe  tt\et 
has  started  to  decline.  It  mu-it  therefore  he  an  incidental,  rather  llfan  an  esseslial 
feature  of  the  process. 

Expldnadon  of  !hr.  febrile  lnfre,ue  cf  Siirogcn  MrtaboUsm. — The  increased  nitrogen 
excretion  demitL-s  iucrevMxl  tissue  destruction.  Simple  overheating  alio  increases  the 
nitrogen  excretion,  but  relatively  much  \csi»  than  in  fever.  A  part  may  be  accounted  for 
by  the  partial  inanition,  which  is  so  tommunly  enforced  in  fever;  Indeed,  the  nitrogen 
loss  can  be  entirely  prevented  by  an  ample  liiel;  but  to  do  this  re<quire«  more  food  than 
in  health.  It  may  therefore  be  accented  that  the  nitrogen  excretion  in  fever  is  alwayii 
greater  than  that  fnr  the  ^me  dirt  in  health.  Thislmvesas  the  only  ex])lanat!on,  direct 
toxic  effects  of  the  infective  agents,  leading  to  cell  destruction. 

I HtfrmfAitile  \iirogcn  Mrlalioliim. — Wry  little  is  known  a«  to  whether  this  takes 
tbe  iame  course  as  in  the  normal.  Presumably  it  U  somewhat  different;  for  the  urea 
excretion  is  relatively  low  (though  the  absolute  value  may  be  high);  whilst  ammonia, 
uric  acid,  purin  ba^es  and  creatinin  arc  relatively  high.     The  urine  ollen  containA  crcatin, 

albumen,  acetone  iMidie",  oxjacids.  etc.  

The  Cffiirse.  of  Iteal  DitnptUiim-  -The  beat  loss  is  always  deficient  in  infective  feveCf^H 
absolutely  or  at  Ica^t  relatively;  and  this  deficiency  or  failure  of  the  heat  loss  to  c«>B^| 
peasale  the  heat  production,  must  be  considered  the  e&iienlial  factor  in  the  high  teoi^^ 
pcrature.  In  man,  these  changes  run  parallel  with  the  cutaneous  circulation  a  pale, 
(try  cijld  skin  meatiing  a  diminished  heat  loss;  and  the  co&vcrae  (Krau^, 
Maraj^liano.  1888). 

In  the  ascent,  the  heat  loss  is  consmcuously  decreased,  leading  to  the  charactt 
"chill"  (the  vasoconstriction  cooling  tne  skin,  whilst  the  internal  temperature  is  high). 
Durini;  the  continuance  of  the  fever,  Ihc  loss  is  generally  increased,  absolutely,  so  u 
partly  to  balance  the  increased  heat  production —but  the  increase  of  heat  dissiparion 
i&  small  OS  compared  with  what  would  orcur  if  a  normal  animal  were  producing  the 
lamc  amount  of  heat.  One  may  therefore  say  that  the  dissipation  remains  rclativrly 
decrea<fd.  In  [he  descent  nf  temperature,  the  heat  loss  b  increased  relatively,  as  well 
OS  absolutely.    This  is  the  main  clement  of  tbe  "fall  l»y  crisis,*' 

Altered  Rrattion  i>f  (he  Cutaneous  Vesseis.—T\ie  altered  behavior  of  the  cutaneous 
VBUtds,  which  seems  to  be  llie  essentia!  element  of  fever,  finds  expression  in  other 
directiuDs.    They  ore  more  canly  affected   by  chemical  and   mechanical   initatiaa 
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(Bmimler,  1S73);  they  conslrlct  more  strongly  in  te^pansa  to  n&cxcf.  (HetdenhMo); 
Uiey  are  apt  to  uodergo  altcmalc  coatraction  and  dilation,  nith  little  appareat  cause; 
I  ili^t  degree  of  cooling  produces  chilliness,  etc.  These  phenomena  lill  iocUcale  that 
the  iiioer\'ation  of  thc£c  vessels  is  disturbed. 

Heat  Regidation  in  Fever. — The  fact  that  heat  regulalion  is  disturbed— 
because  one  or  more  of  its  factors  are  disturbed— does  not  mean  that  all 
regulation  is  abolished.  The  disturbed  functions  will  eventually  iind  a 
new  level,  so  that  fevers  generally  run  a  more  or  less  regular  course — 
which  implies  an  adjustment.  Any  adventitious  change  will  alter  this 
adjustment,  generally  in  the  same  direction  as  in  normal  animals. 

Feven  therefore  show  the  normal  daily  variatioos,  the  rlac  during  the  day,  and  the 
fall  during  the  night;  althouj^h  these  variations  may  be  smaller  or  larger  than  normal. 
Artificial  cooling  and  heating  and  Lhc  adminutration  of  antipyretics  provokes  ihc  fvame 
compcnwilory  reactions  as  in  health,  though  these  arc  less  effective.  The  febrile  Icm- 
perature  can  therefore  be  mure  ea^^-ily  loweretl  or  raised,  the  chances  are  more  extensive 
and  more  tasting;  but  when  left  to  itself,  the  temperature  will  tend  to  assume  its  original 
febrile  level.  It  might  iherefore  Im:  said  that  the  temperature  of  fevt-r  is  adjustrd  to  m 
faigber  level  (Liebermeister);  which  means  nothing  more,  however,  than  this:  that  when 
Ibe  altered  funcUons  become  coDstnnt,  the  resulting  temperature  must  also  l»ecome 
csBst&nt. 

Locaiisinf  0/  the  Febrile  Process. — Considering  fever  as  being  esseolially  due  to  dis- 
tnrbed  innervation  of  the  cutaneous  vessels,  the  site  of  action  would  presumably  be  in 
tbe'centers  controlling  the  tone  of  these  vessels.  In  accorduntc  with  this  it  is  fnum)  that 
lever  docs  not  occur  when  these  centers  arc  cut  off  by  high  section  of  the  cord,  or  if 
they  wc  pttft^yzed  by  deep  narcosis,  or  even  if  they  arc  depressed  by  the  anlipyrctirj. 

ff«di  Ctnttfs  in  Anapkyla-xix. — In  sensitized  animaU,  the  injection  of  the  specific 
serum  into  the  heat.puncturc  region  produces  fever.  This  docs  not  occur  in  normal  or 
bnmualzed  animals.  The  centers  therefore  are  specifically  scasitized  in  anaphylam 
(Haihimoto.  1915)- 

Compitrijon  of  Bent  Puncture  and  tnfedlve  Fevers. — These  two  forms  of  fever  bare 
considerable  resemblance.  Both  may  snow  increased  heat  production  with  inadequate 
heat  loss;  but  in  puncture,  the  production  seems  to  preponderate;  in  infcction!<,  the  dis- 
IttrbaiKc  of  heat  toss.  Both  forms  are  central;  both  react  similarly  to  antipyretic 
drep. 

Indirect  Hyperpyretics. — Quite  a  large  number  of  substances  are  apt 
to  set  up  fever,  particularly  on  subcutaneous  injection  in  rabbits;  and  in 
infants,  in  which  the  temperature  is  more  labile.  To  this  class  belong 
plain  saline  solution  or  plain  water,  albumosc,  egg-white  and  other  pro* 
teins,  irrilaots,  etc.  Many  of  these  cause  albumosuria  (Krehl)  and  they 
probably  act  by  causing  tissue  decomposition,  with  the  formation  of 
products  (albumoses,  etc.)  which  act  similarly  to  infections. 

Tetra -hydro-Beta -Naphthylamin. — This  substance  produce?^  a  very 
considerable  rise  of  temperature,  with  increased  heat  production  and  di- 
minished heat  loss.  It  is  not  knoftii  which  is  the  essential  element.  The 
hyperthermia  differs  from  infective  fever  and  heat  puncture  in  that  it  is 
not  reduced  by  the  ordinary  antipyretics,  but  only  by  profound  narcosis. 

Ctrnf^milUtn,  Dosage  and  Eficiemy. — The  substance  bos  the  structural  formula 


NH, 


H      H, 


^tefubcatoneous  in)ccitOD  of  0.04  to  0.05  Gm.  raises  the  temperature  of  rabbits  u^veral 
JcBraea,  tlte  rise  starting  tn  an  hour  and  persisting  over  four  hours;  but  tt  foils  com- 
iwtdrm  some  animals.  Doss  react  similarly.  In  man,  non-toxic  doses  do  not  produce 
•  hie. 
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The  phcnnmcnn.  have  been  extensively  studied  by  R.  Sicro,  i88g  and  tSpo;  Hile 
White,  i8<>J,  SacKnrofFj  iijoq;  A.  Tllack,  191 1;  Fcri,  iQii.ancI  uthers,  but  nithoutcleanag 
up  the  raechanism  of  its  action.  Cloctta  and  Waaer,  1913,  bave  iovesligsted  iti;  deriva- 
tives to  compare  the  structure  and  actions. 

Ol/ur  Aclumi. — .\sid.e  from  the  riac  of  temperature  it  produces  d>'spnea  and  rest- 
lessDcss,  sometimes  con\'tilsii>Ds.  It  tilso  rtvivcj^  rubbils  from  light  chloral  sleep 
(.\iiila,  191.1);  it  alao  hjis  important  sympathomimetic  actions  CJonescu,  1009).  Stimu- 
lation of  ibc  cervical  sympathetic  (mydriasLs,  exophthalmos);  a  general  vasoconstriction 
invulvinxWth  cutaneous  and  systemic  vessels  (rise  ofhlood  pressure),  mainly  of  periph- 
eral origin.  It  has  a  peripheral  moderate  dilator  clTcct  on  bronchioles  (JaclcMn,  1914). 
Elliott,  1914,  dcscribrs  the  rapid  pioductiaa  of  gustric  ulcer:>  in  rabbits  from  hypodermic 
injection.  It  wakens  even  decerebrated  animals  from  chloral  sleep — whilst  cocain  and 
caffein  h.ivc  ihli  effect  only  on  normal  animals  (Morita,  1015). 

MecbAnism  of  Pyresis. — Cnlorimctric  observations  show  increased  beat  production 
and  dimini-sbed  hoiit  los.<t.  The  latter  is  perhap;;  explained  by  the  va&oconstnction ;  and 
the  increased  beat  production  may  possibly  be  ascribed  entirely  to  the  increased  mu»cuJar 
movemerls.  In  accordance  wiUi  thi«,  the  carbon  dioxid  escrction  U  greaitly  increased, 
whilst  the  nitrogen  excretion  is  but  little  affected.  ITie  heat  production  h  apparenUy 
the  main  element  in  the  rise,  for  curarized  or  deeply  ntorphinized  or  etherized  otumau 
donot  icitpoadto  thcdrugCMutschandPembrey,  iQtt).  The  action  must  be  above  the 
mediJla,  for  no  fever  occurs  If  the  cjirotids  have  been  blocked  by  paraffin  (Olt  and 
Scott,  igoS). 

To  this  extent  therefore  the  effects  resemble  those  of  heal  puncture;  but  n-hDj^t  the 
puncture  fever  is  readily  lowered  by  antipyretics,  none  of  these,  i.r.,  quinin,aatipyria, 
etc.  or  small  doses  of  Morphin,  have  any  marked  c0cct  on  the  tctra-fevcr  (Fcri,  1911). 

Cocain  Hyperthermia.— The  cSects  ot  cocain,  so  far  as  ihuy  liavc  been 
analyzed,  appear  to  agree  with  those  of  Tctra-hydiu-naphtbylamin. 


The  rise  of  temperature  is  due  essentially  to  increased  heat  production,  mainly  from 
iiUTcased  movement,  for  these  go  paiaMel  (Richi-I  and  I,anglois>;  and  the  rise  can  be 
prevented  by  curareor  chloral,  but  iLot  by  the  ordinary  antipyretics  (Mosso).  The  beat 
dissipation  is  slightly  increased. 

•The  cucain  fever  dues  not  occur  after  excision  of  the  r.-iud»te  nuclei,  su^esling  that 
itfl  action  is  at  least  in  port  upon  the  same  nervous  centers  which  arc  concerned  in 
"heat  puncture." 

Atropin  Hyperthermia. — This  may  fairly  be  attributed  to  the  muscular  exciteaent, 
and  to  the  suppression  of  sweat. 

CafEein  Hyperthermia. — Large  doses  of  caffein  produce  a  slight  degree  of  fever 
(Binz,  1878,  Pikher,  iqii).  This  could  be  explainea  by  the  increased  muKTilar  tone 
and  by  the  diUtion  of  the  Eate:stlnal  and  consequent  constriction  of  the  superficial 
vessels. 

Muscular  Exercise. — All  muuiular  movement  incrcuscft  the  production  of  beaL  la 
health,  thLt  is  nearly  compensated  by  increased  heat  loss  (sweating,  etc),  so  that  the 
Icmpcr.'iture  is  l»ul  little  increased. 

Convulsants. — .Vli  convul.'Mint  poisons  (santonin,  plcrotoxin,  strychnin)  produce 
ctuiractrrLslic  ch»n^es  in  he^it  regulation.  Small  doses  cause  incieasi-a  heat  loss  and  a 
slightly  smaller  heat  production.  Larger  doses  cause  Increased  metabolism,  through 
muscular  action,  and  htnce  increased  beat  nrodurlion,  which  is  accompanied  by  m 
further  increase  of  heat  loss.  Paral^-tic  doses  diminish  the  heat  production  very  greatly. 
The  temperiUure  is  accordingly  vanable:  Small  doses  lend  to  lower  it;  moderate  cotv- 
vulsive  d(»es  would  increase  it;  paralytic  doses  lower  it  greatly.  The  heat  loss  is  par- 
ticularly conspicuous  in  i^mall  and  young  animals,  whilst  larger  animals  tend  to  rbow  a 
riiie  of  temperature,  with  moderate  doses  (Ilarnack,  1901).  In  traumatic  tetanus, 
thermic  fever,  etc.,  the  temperature  may  rise  greatly,  usually  when  there  is  a  general 
disturbance  of  hcnt  regulation. 

Ezcflstive  Extemai  Heat. — Thi.°L  diminishes  t-he  heat  dUsJpatJon,  and  thereby  tends 
to  raise  the  temperature.  This  calls  forth  the  compensator}'  reaction? — sweating, 
cutaneous  hyperrmia,  quickened  respiration,  etc.,  m.-Linly  through  the  direct  action  of 
the  heated  blood  on  the  centers  {f.g.,  Moorehouse.  1911)-  This  aetain  when  the  internal 
temperature  departs  but  a  fraction  of  »  degree  from  the  normal;  about  as  readily  in 
fevers  as  In  health.  The  compcn.sation  is  more  or  less  effective  for  a  time  VtMJi  it 
breaks,  there  results  the  pbenomcaa  of  "  thermic  fever." 
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REACTIONS  WHICH  LOWER  THE  TEMPERATURE  ^AWTIPYRETICS) 

The  temperature  may  be  lowered  by  anything  which  lessens  heal  pro- 
duction or  increases  heat  loss.  Here  again,  as  the  temperature  tends  to 
(all  below  normal,  compensaiorj'  reactions  are  set  up,  wiiich  ordinarily 
suffice  to  keep  the  temperature  at  the  normal  level.  Indeed,  it  is  highly 
difficult  to  depress  the  temperature  materially  below  the  normal,  except  by 
means  which  effect  profound  and  extensive  changes,  such  as  deep  narcosis, 
general  vasomotor  paralysis,  or  other  collapse  conditions. 

On  the  other  hand,  it  is  relatively  easy  to  lower  an  abnormally  high 
temperature;  for  this  coincides  with  the  natural  tendency  to  return  to  the 
normal  physiological  state — a  tenilency  which  must  Iw  always  present, 
even  in  fever,  although  it  is  not  effective  unless  supixirted  by  extraneous 
means. 

Accordingly,  the  practical  antipyretics  become  such  only  when  the 
temperature  is  excessive.  They  have  very  little  influence  on  normal 
temperature,  partly  because  their  effects  would  result  in  more  powerful 
compensations  and  partly  also  because  the  primary  effects  themselves 
are  less  powerful  when  they  have  to  overcome  a  normal  state,  than  when 
they  are  assisting  an  abnormal  stale  to  the  normal. 

Action  of  Therapeutic  Antipyretics. — The  therapeutically  available 
antipyretics  act  in  several  distinct  ways:  The  applicalion  oj  cold  (baths, 
etc.)  results  in  the  direct  abstraction  of  hcat;dM/i^yn«,  acdanilid,  phenact- 
ItHf  etc.,  increase  heat  dissipation  by  dilating  the  cutaneous  vessels;  their 
action  is  central  and  consists  presumably  in  a  specific  depression  of  the 
central  tone  of  these  vessels.  Quinin  diminishes  heat  production  by  a 
direct  (peripheral)  depression  of  nitrogenous  metabolism.  Aconite  and 
veratrum  probably  lessen  heat  production  by  slowing  the  circulation, 

tttUiiom  U*  Heat  Centos. — All  ihe  anlipyrelics  depress  temperature  ver>-  effectively 
when  iptilied  directly  to  the  exudate  nuclei  (sec  psgc  449).  When  the  ccntial  control  u 
excludM,  quinin  is  still  antipyretic,  while  antipyrin  and  solicyl  tend  to  raise  the 
Idnpcralurc  (l^cnschmidt,  1913;  Barbour  and  Denning,  IQ15). 

EztAnul  Cold. — Reflation  against  cxtcrnnl  temperature  ts  effected,  in  the  6rst 
pUcc,  by  reflex  constriction  of  all  the  cutaneous  vessels.  Thin  in  itself  produces  the 
sensatioa  nf  cliillincsH.  If  this  physical  regulation  is  nut  effi-ctive,  the  chemical  ret;uta- 
tioa  letft  in,  the  heat  production  being  incre.-i.sed  by  involunlar>-  shivering;.  Indeed,  the 
CKrbnn  dinxid  ami  heat  production  is  increased  before  it  come»  to  vi&ible  raovemcat^, 
by  a  loere  incrca.'^c  of  "tone," 

\'icoruu^  imti^'iduaU,  when  the  external  cold  b  withdrawn  in  time,  usuaHy  present 
a  "reaction,"  with  cutaneous  h\7>eremia,  etc. 

Febrile  patients  compcnsutc  ugiin^t  cold  by  the  same  mcchantsnu  a»  the  normal; 
but  the  compon«ation  is  not  as  effective,  so  that  abnoroially  high  temperatures  are 
fcdtKed  mure  readily. 

Quinin. — Therapeutic  doses  have  little  or  no  effect  on  normal  tem- 
perature. The  same  doses  lower  febrile  temperature  (although  not  quite 
as  effectively  as  the  antipyrin  group).  The  mechanism  of  action  consist- 
primarily  in  diminished  heat  production,  through  limitation  of  the 
nitrogenous  metabolism.  This  is  especially  marked  in  fever.  This 
action  of  quinin  is  peripheral,  r.e.,  directly  on  the  heat-producing  foci. 

The  diminished  heat  production  tends  to  set  up  secondarj-  changes, 
particularly  a  limitation  of  the  heat  loss.  These  are  adequate  lo  preserve 
the  normal  temperature;  but  in  fever  they  respond  very  imperfectly,  thus 
accotmting  for  the  fall  of  temperature  (Literature,  S.  Weber.  1904). 

In  malaria,  and  possibly  in  some  other  infections,  the  superior  efficiency 
of  quinin  is  due  to  its  specific  destructive  effect  on  the  iofecUous  agent. 
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Large  dosn  of  quinin  (nnl  necc&snrily  toxic)  lower  even  the  nornuU  (rmperaiuit, 
somcliaws  with  a  preliminary  rise.  Toxif  dosei  lower  the  temperature  proportion*!  la 
the  cullapse  which  itit-y  iinluce, 

Tfie  relation  0/  tu-at  produclion  and  heat  loss  vnlh  noriual  and  Jebrile  ttmpaatmrt  n 
well  shown  in  Ihe  fuUowiog  qtuintttalive  data  from  the  calorimetric  experinKnts  of 
Gottlieb,  iSqi  : 


QuiiuB,  0.1  Cm. 

P«1I  of  Icm-          L***!  of 
pcTklar*          lemper«ture 

Diminution 

of  b«kt 
prodnctioa 

Diminoit'M 
of  beet  loM 

o.»-o.s"          38.6* 
1-1,4*          39-7-40'' 

8-1  S%         1          10% 

Hrat  Prodttctwn.- — This  is  diminished  In  normal  animnb  and  mutb  more  in  fever. 
The  decrease  concerns  practically  exclusively  the  nitrogen  metabolism. 

NilTogen  MrlahoUsm. — Thb  b  diminiithcd  quite  malcrially  by  s^mall  doses,  c\"en  io 
normal  animal.^;  mch  larf^  Aofxs,  the  reduction  may  reach  39  per  cent.  The  reduction 
ia  often  preceded  by  a  primary'  rise.  The  decrease  is  markodiy  greater  in  fever.  The 
ratio  of  ure.i  to  I0l.1l  nitrogen  is  not  aJtered  by  moderate  doses  (Prior,  i8ft4).  One  would 
be  templed  to  ascribe  tliis  diminution  of  nitrogen  to  the  diminished  utilization  of  food. 
Although  thijt  undoubtedly  plays  a  port,  the  diminished  cxcretJon  U  out  of  all  propor- 
tion, so  that  the  nitrogen  content  of  the  body  increases.  Laj]ge  doses  of  dncnomdin 
have  a  similar  uctJcn, 

Oxidation. — This  marked  influence  upon  nitrogen  metabolism  is  in  conspicuous  con- 
trast to  its  want  of  influence  upon  oxid>itum.  The  quantity  of  O  absorbed  and  COi 
^vcn  o9  is  practically  luiaffcctcd  by  medicinal  doses  (up  to  1.5  Gm.).  There  is  a  ^liigbt 
increase,  but  not  mure  than  can  be  accounted  for  by  the  cicitement,  chiQiDess,  etc 
The  abnormally  high  gaseous  metabolism  of  fever  is  reduced  to  normal  by  qutnin;  but 
this  b  probably  the  result  of  the  antipjtctic  cflcct  (Strassburg,  1874). 

ff'ilrogen  At rlnhoiism  as  a  Source  of  Energy. — The  (act  that  quinin  lessens  heat 
production  \vithout  lcs.scning  oxidation  is  interesting.  \Vc  ate  accustomed  to  look 
upon  the  excretion  uf  COi  us  an  iudt-x  of  chomic  changes  resulting  in  the  liberation 
of  energy  and  consequently  of  heal;  and  the  excretion  of  COj  is  not  affected  by  quiain. 
But  since  the  calorimeter  shows  conclusively  that  the  production  of  heal  is  diminished 
by  it,  especially  in  fever;  this  interesting  fact  merely  forces  us  to  the  condusion  that 
oxidation  is  not  theonly  source  of  heal;  that  heal  may  also  be  liberated  by  other  changes 
— by  the  spHtling  or  hydration  of  nitrogenous  molecules,  in  the  course  of  which  the 
nitrogen  is  converted  into  urea;  and  that  these  changes  are  those  which  are  hindered  by 
quinin.  The  reduction  by  quinin  would  naturally  be  greater  when  this  nitrogcnoafc 
metabolism  is  excessively  high,  as  is  the  case  in  fever. 

Heat  Loss. — In  normal  .immals,  this  is  variable,  generally  sliKhtiy  Increased  by 
cutaneous  vasodilation.     In  fever,  the  heat  loss  generally'  undergoes  vcr>-  little  chsose. 

Thr  essnUial  share  of  the.  diminiihfd  iiaU  prodnction  is  alw  demonslralcd  in  scvoal 
other  wa>-5:  The  quinin  fall  occurs  even  when  the  factor  of  heat  loss  is  practically 
eliminated  by  high  external  temperature  (Lewitsky,  i8(>q);  it  occurs  when  variatioos 
in  the  cutaneous  circulation  are  excluded  by  high  section  of  the  spinal  cord  (Naunj-n 
and  Quincke,  1869)*  indeed,  it  is  here  even  more  marked,  beoiu^  il  can  not  be  com- 
pensated by  diminished  heat  lo§s. 

The  Anion  of  Quinin  is  PrripkeraJ. — ^This  is  shown  by  the  observ^ion  of  Biac,  i8;o, 
that  quinin  prevents  ihe  postmortal  rise  of  temperature  wtuch  ordinarily  occurs  wben 
the  spinal  curd  is  divided  and  beat  loss  is  prevented.  This  conclusion  1%  abo  in  haraooy 
with  the  fact  that  quinin  is  a  general  pmioplasmic  poison,  rrducing  the  netabc^aa 
(for  instance  the  hippuric  acid  s>'nthe^s)  in  periuscd  organs,  lessening  the  oxidation  in 
cxcbcd  muscle  (Sento,  1909),  and  retarding  the  aclion  of  ferments  ^neraUj — which  of 
course  play  an  important  rAle  in  the  chemic  changes  by  which  heat  is  liberated, 

EJffct  on  Compcmalory  Heehanism. — The  fact  that  the  normal  temperature  is  not 
lowered  by  quinin  shows  tlmt  it  does  not  impair  the  normal  compensatjon.  This  it 
effected  by  two  means:  increased  carbon  metaboUsni  and  diminished  heat  Iocs. 

Egiciency  in  Hrat  Pntulnrr. — Tt  is  often  aOirmed  that  quinin  is  relatlvdy  ineffectiv* 
in  heat  puncture;  but  the  table  shows  that  it  is  fairly  e&ective.  Not  much  weight  can 
be  attached  to  slight  quantitative  dlEcrenccs. 

Acetanilid,  Phenacetin  and  Ant^yrin. — These,  as  also  ihcir  numerous 
derivatives,  and  the  whole  series  of  "coal-tar  antipyretits,"  act  essen- 
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tiiUy  alike,  so  far  as  is  known.  Their  gross  effect  on  temperature  is  similar 
lo  inat  of  quinin;  Therapeutic  doses  have  Utile  or  no  effect  on  norma) 
temperature;  in  fever,  the  same  doses  reduce  the  temiierature  toward  or 
to  normal.  Tlie  mechanism  of  their  action,  however,  is  quite  different 
from  that  of  quinin.  Their  primary  effect  consists  in  dilating  the  cuta- 
neous vessels  and  thus  increasing  heat  loss;  the  action  being  central,  pre- 
sumably a  specific  depression  of  the  centers  which  control  the  tone  of  the 
cutaneous  vessels.  This  entails  secondary  changes  in  heat  production, 
«tc.,  which  suffice  to  prevent  the  temperature  from  falling  below  the 
KWrroal  level,  but  which  are  not  sufficient  to  prevent  the  fall  lo  tlic  normal. 

Larg€  doses  cause  cao&iderable  fall,  even  of  the  i]annal  temperature,  with  eWdenccs 
of  ooUkpsc. 

The  ftlation  of  heat  production  and  kcat  loss  may  again  be  illu.«trated  by  Ihr  cnlori- 
naetric  <Uta  of  Gottlieb,  1S91.  A  comparison  of  this  table  with  that  for  quiain  (page 
•*56)  shows  at  once  the  striking;  differences  which  were  emphasized  In  the  preceding 
p«ni£rsph. 


AntiprHn.  0.$  Cm. 

iemp«t»tiu« 

tempenitare 

HMt 

production 

Hut 
diMJp*Uoa 

^fornwl  rabbit 

0.2-0.4* 
0.8-1. 1' 

38.6-38.9 
39.3-41.6 

+  5-9% 
+a-io% 

+  IO-JO% 

Ut«l  Lass. — This  is  considerably  increased  in  norma]  animals,  ant]  the  increase  ii 
•*vieral  times  greater  in  fe%'cr  f&ce  the  preceding  lublc). 

//■■j/  Frodtictian. — The  caJorimclric  data  show  a  moderate  compensatory  increase, 
<A*>re  marked  at  nurmal  temperature  than  in  fever.  The  mclubulUro  data  arc  con- 
*'»clit.i.jry  (Review,  S.  Weber,  1^4).  Excessive  doses  (0,75  Gm.  in  rabbits)  diminiih 
*>0-t  production,  presumably  by  incipient  collapse. 

A  tfroeni  Mftwolism. — With  tliemiMnitic  (ioaen,  and  normal  temperature,  the  results 
|yB  variable,  generally  negative  or  some  fall.  Laise  doaes  oftea  increase  tJie  nitrogen 
**K:WKioii,  especially  in  man.     In  fever,  therapeutic  aoses  decrease  the  excessive  aitrogen 

Carbon  Pioxid  Mttaholirm. — Therapeutic  doses  with  normal  tcm)>erature  produce  no 

,  *^«»ni5c  Of  some  decrease.     Larger  doses  (j  to  3  Gm.  of  antipjTin  (or  man)  produce  a 

»«»»1|  but  unmistakable  decrease  in  both  gaseous  exchange  and  nitrogen  excretion  (ind- 

P*^nt  citUft[fic?).    The  effect  on  airhon  dioiid  mclAboliAm  is  abio  incniLstant  in  fever: 

^^rapmtic  doftca  may  somewhat  increase  or  diminish  the  COi  excretion,  or  leave  it 

,'  Practically  unchanged. 

Afttr  the  fail  oi  tempernture  has  stl  in,  the  carbon  and  nitrogen  metabolism  are 
,  ^'Mttnumly  lowiTtd.     This  may  be  ascribed  to  the  removal  of  the  hiperpyrexia,  lor 
''^Laboli&m  is  naturally  less  active  at  the  lower  temperature. 

-^  Ajjiipyrin,  and  csjiecially  Phcnacetin  and  Acelanilid,  decrease  the  arterial  oxygen; 
"*  COi  is  less  changed  (Picdnl,  19x3). 

rfcr  respiration  of  ejuriscd  muscU  h  not  ailecled  by  anlipyrin  (in  contrast  to  quinin 
"^  salicylate)  unle^  ver>'  hi|th  concentrations  are  lued  (Senta,  1908). 

Metkanism  0/  ikc  Fall  of  Tempentlurc. — The  constant  feature  in  the  action  of  the 
***ipVTin  group  b  the  increased  heat  loss;  and  this  must  Ibcrcfore  be  considered  the 
^^Qftc  element  in  their  antip>Tetic  action.  Tbe  inconstancy  of  the  variations  of  the 
""•tiproduction  indicates  thai  these  arc  secondary  results. 

a^jijc^anfam  oj  Ihi  Incrftisfd  Heat  Imss. — Thw  miKht  occur  through  an  increased  pro- 
™**V)il  of  sweat,  or  by  exposing  a  larger  amount  of  blood  to  the  cooling  influcntc  of  the 
^gVoiuKUngs  by  iitatalion  ojtke  ctUtuuous  vessels.  lo  the  case  of  tliis  group  it  is  accom- 
BH^ed  by  the  Utter  means. 

^/Hic  (filaLBlion  may  be  deduced  from  the  hot  and  reddened  skin:  it  can  be  plainly 
"y^a  by  the  pielfaysmo^apb  (MarogUano,  18S0).  And  since  the  reduction  occurii  even 
^^  ampin,  which  sapprcsscs  the  secretion  of  sweat,  the  Intter  h  not  essential.  The 
**>fi«lafw«  is  confintdlotiejcutoneotu  xtitfli,  and  this  is  important,  since,  if  the  blood 
^^M(h  ii  tbe  remainder  of  the  body  were  also  dilated,  the  circulation  through  the  skJn 
m&dbeifimiiiisbcd  rather  than  increased.  Tbia  limiutioo  of  the  vaaodtlatation  to  the 
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region  concerned  with  tht  regulation  of  umperaiure  also  iodicat«»  Ihat  tbe  action  tt 
central. 

Localization  oj  Action. — AniipjTm  does  not  lower  the  temperai 
after  high  section  of  the  spinal  cord  (Sawadowski,  :888),  even  if  the  tem- 
perature is  artificially  raised  by  external  hual.  This  constitutes  a  con- 
spicuous difference  from  Quinin,  which  latter  ts  c6feciive  under  these 
conditions.  The  result  show»  that  the  vasodilator  action  of  aQtipynn 
is  located  above  the  spinal  cord. 

Antipyrin  also  dws  not  increase  the  natural  rate  of  fall  which  occurs 
when  the  brain  is  divided  at  the  posterior  margin  of  the  corpora  striata. 
This  might  mean  that  its  normal  action  is  above  this  region;  but  we 
know  loo  little  about  the  resulbi  of  this  operation  to  make  conclusions 
safe. 

Antipyrin  does  not  interfere  with  the  normal  compensation  against 
increase  of  external  temperature;  in  fact,  it  renders  the  cumpensatian 
rather  more  efficient.  This  goes  to  show  that  its  action  docs  not  consist 
in  a  depression  or  narcosis  of  heat  regulation  as  such.  (Toxic  doses, 
however,  render  the  compensation  less  perfect— a  natural  result  of  exten- 
sive toxic  action.) 

HiUuTc  of  AcJiiftt. — A  priori  there  arc  so'cral  possibilities: 

1.  A  direct  action  (presumably  deprewant)  on  the  center  prmdinjf  over  the  tone 
the  cutanfuus  vcs^ls.    This  would  be  more  marked  in  fever,  because  it  would  coincide 
mth  a  »|)onlancou<;  tendency. 

2.  Depression  of  the  hypothetical  ^ledfic  heat  regulating  centers.  Tbu  would  be 
more  marked  in  fever,  because  ihc  "excited"  centers  are  more  subject  to  fatigue  and 
hence  to  depression. 

3.  Restoration  of  the  abnormally  high  "pitch"  of  the  specific  re^Utiog  centen  to 
their  normul  pitch  (Richtcr). 

The  first  explanation  account.<i  for  all  the  facta  so  far  eAtablishcd;  the  others  would 
fall  with  the  superfluous  conception  of  specific  hcat-re^ulating  centers. 

Salicyl. — Aside  from  the  specific  effect  in  rheumatic  fever,  the  anti- 
pyretic action  is  relatively  feeble  and  has  not  been  satisfaclorily  analyzed. 
Presumably,  it  is  similar  to  that  of  acetanilid  group,  i.e.,  increased  heat 
loss.  It  is  certainly  not  analogous  to  that  of  quinin,  for  the  nitrogen 
excretion  is  primarily  increased  (Wcbcr);  although  there  is  often  a 
later  decrease.  The  oxidation  of  excised  muscle  is  retarded  by  small 
concentrations. 

Morphin,  Opium  and  Codein. — Small  doses,  according  to  Gottlieb, 
iSqo,  act  analogous  to  acetanilid,  i.e.,  by  increased  heat  loss  (cutaneous 
h>T>ereniia).  There  is,  however,  at  least  one  important  difference;  the 
fall  is  as  great  from  normal  as  from  febrile  temperattirc. 

Xjrcotic  Doses. — These  cause  a  much  more  nuirltcd  lowering  of  the  teniperBtitre 
(someiimcB  this  may  be  preceded  by  a  slight  rise).  The  fall  may  be  as  large  u  a"C 
with  large  doses,  the  extent  dcpcndin)^,  hovrcver,  more  upon  idioftyocraay  than  upon  the 
dose.  The  cooling  is  p^irticularly  grcut  if  the  aniraul  i^  kept  in  cold  surroondings. 
The  ciuiftc  of  the  fii.ll  is  a  diniinished  heat  production,  which  may  be  reduced  by  80  pff 
cent,  in  extreme  cases,  reaching  its  minimum  in  the  third  hour.  The  heat  loss  is  dimin- 
ished (up  to  20  per  cent."!,  partly  throuRh  'he  effort  of  the  heal  centers  to  compcnaate 
for  the  diminirhed  prixiuctmn,  partly  through  the  depressed  circulation. 

^Mmorphia.— This  disturbs  heat  regulation,  inhibiting  Ihc  polypnea  and  shivering 
reactions  to  artiiidal  (ever  (Magnc,  1914). 

Alcohol. — This  also  increases  heat  dissipation  by  dilating  the  cutaneous 
vessels.  This  warms  the  skin,  and  hence  produces  the  sensation  of  heal; 
but  the  internal  temperature  tends  to  fall.    Even  small  doses  therefore 
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lovvpr  the  resistance  to  cold.  With  larger  doses,  the  compensatory  heat 
pc-oduction  is  also  impaired,  and  tJie  temperature  falls  rapidly.  This  is 
seen  mure  conspicuously  in: 

Ether  or  Chlorofonn  Anesthesia. — In  these,  some  fall  occurs  even  when 
tHe  patient  is  protected  against  loss  of  heat,  showing  that  diminished  heat 
production  is  an  important  factor  (Scheinesson).    This  is  reflected  in  the 
le5tscncd  carbon  dioxid  production,  and  is  due  to  the  muscular  paralysis 
and  decreased  muscular  lone.     In  the  final  stages,  the  dissipation  is  also 
lessened  by  the  failure  of  the  circulation,  but  this  is  not  sufficient  to  offset 
t±ke  lessened  production.     If  the  animal  Is  not  artihcially  heated,  and  if 
tbc  coma  is  of  long  duration,  the  temperature  may  reach  a  very  low  level. 
Circulatory  Collapse. — Any  reduction   of  the  circulation — whether 
'    cardiac  or  vasomotor^ owe rs  heat  production,  and  also  tends  to  lower 
beat  dissipation,  since  less  blood  circulates  through  the  skin.     The  ad- 
vanced grades  of  this  action  correspond  to  what  has  just  been  described 
for  anesthetic  coma.    The  slighter  grades  are  produced  therapeutically 
by  Aconite,  Vcratruni,Colchicum,  Digitalis,  etc.,  but  practically  ihcy  are 
not  very  effective  unless  the  dosage  exceeds  the  safe  limit. 

The  collapse  phenomena  are  particularly  important,  because  febrile 
patients — especially  when  weakened  by  a  prolonged  infection,  with  their 
circulation  impaired  and  poor  heat  production — are  ver>'  subject  to  them. 
Here  collapse  may  result  spontaneously,  or  by  the  withdrawal  of  the  stimu- 
lant effects  of  the  high  temperature,  or  by  antipyretics  in  doses  which 
mnild  not  be  dangerous  in  normal  individuals. 


THE  TREATMENT  OP  FEVER 

Thctmtmcnt  of  fever  has  alwaj's  been  tinctured  by  the  views  which  havesuccess- 
viAy  prevailc<l  conccrninK  its  nature.  When  fever  was  conddcrcd  mainly  as  a  subjec- 
tive cooditian,  attention  wiu  directed  prindpuLly  to  the  sem>atiuns  of  heat  *nd  thirst, 
tsA  there  arose  the  class  of  refrigerants,  including  the  dilult^  mineral  licids.  They  arc 
uxJu)  e\Tn  now,  especially  carbonated  drinka,  in  conjunction  with  other  trcatmeni. 

On  the  other  hand,  alkalies  und  orgauic  add:>  have  beeo  u»od  to  counteract  the  ten- 
dency 10  acidosis. 

As  physical  observation  came  more  into  fashion,  the  quickened  pulse  of  fever  fixed 
the  aileniion  of  the  clinicians,  and  it  was  attempted  to  combat  all  the  conditions  of  fever 
Wj*''*ing  ihe  puUe.  The  so-culled  claw  of  cardial  drftrarani!:  came  into  vogue.  They 
^BOaat  substances  acting  in  v^irioiu  way«: 

ittnite  and  vcrotmm,  producing  vagus  stimulation  aud  gcni^ral  fall  of  blood  prcs- 
*ve>  Diptalis,  producing  a  slowed  heart,  but  increaMd  blood  flow.  Nnustants,  ai 
•"W  emetic,  acting  setondarily  through  the  nausea.  Polassium  salts,  which  have  a 
■Wl  »ction  on  the  heart. 

Jl  ilocs  not  need  great  acumen  to  perceive  that  remedies  with  actions  so  di\'erse 
*™'liiot  b«  successful  if  employed  indiscriminiitcly  in  all  cases  of  fever.  Some  have 
jyiplice  in  rational  therapeutics,  but  only  when  used  for  i^pccial  indications:  Aconite 
™^KiiraoLaKC*  over  the  antipyrctirs  if  the  fever  is  of  a  shnrt  high  type;  din'ttith,  if 
"*  beirt  b  weak  and  irregular.  Whether  itauseanls  and  potassium  arc  ever  indicated 
**■!*>  lever,  a&  such,  b  very  doubtful. 

jTteailie  Ihermomeler  wa«  introduced  into  medicine,  and  it  was  recognized  that 
*>  twruioD  of  temperature  was  the  beat  index  to  febrile  conditions,  antipyrttic  mecs- 
"'"  ttflie  into  prominence. 

.  i?'!*?'rt  to  the  application  of  antipyretic  measures  in  fever,  it  is  essential  to  bear 
"  "wnd  that  they  havf  tut  dimt  rjfrfis  onjrtrr,  rxcrpl  uptm  the  trm prraiure. 
.  ^ceptioos  to  this  general  statement  are  the  actions  of  quinin  in  malaria,  of  salicy- 
***"  legtp  articular  rheumatism, and  the  analgesic  action  of  the  coal-tar  products, 
th.  *  '***'  ^^^y  strike  neither  at  the  cause  of  the  fever  nor  at  any  symptoms  other 
f""  tluBe  resulting  from  the  hyperpyrexia.     They  make  the  t>'pc  of  the  disease  neither 
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.""ere  nor  shorter. 


u  aularia,  e.(.,  aotipyretics  tnay  prevent  the  development  of  a  paroxysm  of  fever; 
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but  they  do  not  attack  the  cause  nf  the  rlisease  as  docs  qninin;  (or  ihcit  effect  is  not  list- 
iog,  nor  does  thdr  continuctl  adniimstmlion  le-iid  lo  a  reduction  in  the  size  of  the  fplera. 
They  arc  a  symptomatic  and  not  a  spocilic  mode  or  treatment.  And  symptonutoc 
treatment  must  ulwa>'B  be  ctirried  on  with  great  r^re,  lest  more  harm  than  good  snould  rt- 
Bult.  But  where  it  i^^  not  poftsible  to  attack  the  cause,  it  is  often  advisa.ble  to  remove 
objectionable  symptoms.  The  question  then  is,  May  a  rcdwMon  oj  jnrr  IcmpcraXwt  te 
mefttiif  It  must  he  bttrnc  In  mind  that  h>-pcrpyrcxia  is  often  a  protective  rncchaniun. 
This  is  shown  by  the  onst-tof  collapse  in  certain  cases,  if  the  stimulus  of  the  high  tempera- 
ture  be  remnved.  AW),  bacteriolnji^ir  research  has  shown  that  with  most  bacteria  the 
optimum  temperature  for  development  is  confined  within  vcrj'  narrow  limits,  which  are 
cxccedcfl  by  the  Icniiwratiire  of  fever.  The  lendrncy  of  fever  may  rierhaps  be  said  ta 
be  useful  in  all  cases,  but  as  a  matter  of  fact  it  usually  leads  10  more  oamage  than  good. 
The  cells  of  the  mammalian  organism  are  not  adjusted  to  work  under  the  conditions  oi  so 
high  a  lempetature.  It  is  detrimental  to  them  as  well  as  to  the  bacteria,  and  samrtimcs 
more  so.  Its  effects  consist  in  lassitude  and  enervation,  in  general  discoroforl,  restless- 
ness, irritability,  and  delirium.  The  respiration  and  heart  arc  quickened.  The  mels- 
bolUm,  and  especially  the  elimination  of  nitrogen,  U  greatly  increased.  This  leads  to 
emaciation,  diminbhcd  idkalinity  of  blood,  degeneration  of  important  organs,  etc.  All 
these,  joined  perhaps  to  a  deleterious  action  of  rhe  increased  metabolic  waste-prodocts, 
produce  a  condition  highly  detrimental  to  the  patient,  Thew  conditions,  in  so  far  u 
they  have  not  already  |>As»ed  into  permanent  anatomic  changes,  are  promptly  and  totally 
removed  by  restoring  the  normal  temperature.  Measures  for  this  purpose  sfrc  tfaercfore 
indicated  whenever  these  symptoms  arising  from  hyi>er|>yrexia  become  very  pro- 
noucccd.  and  unless  there  are  special  contraindications.    They  should  not  be  used,  for 
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instance,  if  there  is  ground  for  suspecting  a  masked  collapse.  Nor  are  they  of  any  use 
in  high  continued  fevers. 

.\nlipyretic  measures  of  thi^  kind  are  mainly  cold  haths  and  the  cold-tar  antipyretics, 
and  chcsc  have  their  respective  drawbacks  and  advantages.  The  chief  advantage  of 
cold  baths  ties  in  the  fnct  that  there  i^  no  danger  of  a  direct  collapse  nrtioni  inii  there  ■» 
no  need  for  this  danger  with  anlipyreiics  il  their  dose  be  properly  adjusted.  The  litter 
save  the  patient  the  exertion,  diticnmforl,  and  shock  of  a  coin  balh.  At-,  in  the  caic  of 
baths,  the  temperature-regulating  mechanism  is  not  adjusted  to  normal,  the  patient 
experiences  all  the  ordinar>'  effects  of  an  attempt  To  reduce  the  temperature  below  nor- 
mal:  chills,  cyanosis,  etc.;  and  the  metabolism  is  increased  rather  than  diminished.  The 
action  of  the  chemic  antipyretics  is  also  more  pronounced  and  lasting  [  Fig.  34),  and  their 
analgesic  actiiin  Is  of  marked  vuluein  inGuencjng  the  subjective  Condition  nf  ihc  patient. 
In  regard  to  thU  tiarcctk  <iclion,  antipyrin  and  acctanilid  are  abfjut  on  a  level;  tacy  art 
stirpassed  by  phenacctin.  This  action  is  especially  useful  when  the  fever  la  asaocaated 
with  delirium. 

The  objections  to  cold  baths  are  very  greatly  lessened  if  Ufnd  balhs  are  used.  These 
are  not  so  much  antipyretic  as  stimulant,  improving  the  blood  pressure,  digestion,  tad 
sleep.  They  increase  the  nitrogen  excretion.  It  has  been  shown  that  cold  bathacaose 
a  conMderable  rise  of  blood  pressure  in  acute  fever,  whereas,  cjimphor,  cafTdn,  Mrophwi- 
thus,  ether,  or  alcohol  is  generally  im-ffeclual  in  this  condition.  As  to  the  chemical 
antipyretics,  the  theory  has  been  .-advanced  th,it  they  interfere  with  the  natural  pro- 
tective bodies  of  thcscrum.  It  has  been  showa.however. that  this  isnotthecasc.it 
least  as  far  as  the  agglutinin  of  t)phoid  serum  is  concerned.  In  conclusion,  it  may  be 
s^rl  that  Uu  ttst  gtHerat  treatment  of  Jevcr  connsts  in  a  combinalMn  t^  antipynUa  ami 
graduattd  botkt. 
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There  are  peculiar  differences  in  the  susceptibility  of  differrtU  fevers 
Ho  anlip>Tetic  drugs:  High  conlinuous  fevers  react  least,  those  of  an  inter- 
mittent tJTJe  being  most  amenable;  and  with  these,  again,  the  greatest 
effect  is  produced  when  ihe  action  falls  into  the  period  of  the  natural 
^lecline  of  temperature. 

Sometimes  antipyretics  may  even  produce  a  "  paradoxical  action" — ■ 
rise  in  temperature.     Graul,  iSgg.  has  collected  a  number  uf  such  cases 
for  antipyrin.    They  usually  showed  vomiting  and  severe  exanthemata. 


as 


QUININ 

(jeneral  Statement.-  Quinln.  the  principal  alkaloid  of  cinchona  bark, 
«  a  general  prulupb.sniic  poison.     U  is  therefore  toxic  to  all  cells,  and. 
evrfi  ti)  unorgani/xxl  ferments;  but  iL  has  a  specially  high  toxicity  for 
anifboid  cells,  and  is  relatively  non-toxic  for  higher  organisms.     Il  exerts 
a^  \'erj'  selective  action  on  the  malarial  parasites,  and  is  therefore  a  spe- 
cific against   malarial    diseases,   provided    sufficiently   large   doses  arc 
administered.     It  is  also  a  fairly  effective  antipyretic  in  other  fevers, 
reducing  heat  production  by  diminishing  nitrogen  metabolism.     It  is  useful 
as  an  analgesic  in  colds;  and  in  the  form  of  quinin-urea  hydrochlorid 
-^  a  local  anesthetic.     Through  its  bitter  qualities,  it  acts  as  a  siom- 
chic  Ionic.     It  stimulates  the  uterus.     Full   doses  produce   "cincho- 
•Wsm,''  characterized  especially  by  auditorj-   and   visual   disturbances, 
^hich    may  assume  gra\'e  proportions  with   excessive  doses;  but  very 
large  quantities  have  been  consumed  without  serious  poisoning. 

Cinchona  and  Its  Constituents. — The  bark  of  the  cinchona  tree  (Pe- 

ru\-ian  or  Jesuits'  bark)  contains  a  number  of  alkaloids  (cinchonin,  cin- 

cbonidin,  etc.)  resembling  quinin,  but  endowed  with  less  of  the  desired 

^tivity,  and  with  more  of  the  undesired  side  effects  (convulsant,  etc., 

*l>ertoni,  18R2).     It  also  contains  considerable  tannin,  whi,rh  interferes 

th  the  sj'slemic  actions.     (Cinchonin  is  much  more  depressant  to  the 

**n,  and  more  toxic  than  cinchomdin.) 

Tlic  trees  WddioR  cinchona  arc  indigcnoiw  to  the  mountainous  tiistricts  ol  the  Andes 

'"  -v>uih  Amciiiia,  al  a  hiight  of  3,-100  to  i.joo  meters.     Tree^  pro^^^nf;  hclow  this  level 

i       *'°'*^ia  but  little  alkaloitl.    The  natives  were  probably  acquainted  with  the  mwlicinal 

**iUcii(  this"  trreof  hi-alth,"  ami  I  he  bark  wiisbnjught  lo  Europe  by  the  early  explorers. 

k*^  '^treiwd  its  name,  cinchona,  from  the  Countess  ChJnchon,  who  was  one  of  the  drst 
Kuropcaru  to  receive  its  bcnclil*  (1638). 
I      At  present  practically  aJl  the  barks  of  commerce  are  from  cultivated  trees,  the  orig- 
F"  "         -  Having  been  largely  depleted.     This  dncboaa  cultivation  b  carried  on  in  a 
I'  -jbLropicalmouDt&lnous  countries  poaeeuing  a  rather  rooisi  climate — espe- 

'  ■'-,  ...  India. 

The  U.  S.  Pbarmacopixia  doe:S  not  tli<sirriminatc  between  iJie  different  !ip«cics.  Be- 
'"Wii  ihirtyand  thirty-six  of  these  are  rrcopnized;  but  many  are  probably  mere  varin- 
™K  and  hybrids,  and  a  recent  author  ha^  attempted  to  reduce  the  species  to  four, 
^f  rno<r  important  are:  C,  Calisiya  (yellow  bark);  Mtcrinibra  ^recj  bark);  officindis; 
*"*i'  '  mtha;  scrobicuiata. 

j^' -!  ill  cuntrnl  of  the  different  bar)cs  varies  greatly.     It  has  been  consider^ 

*ry  >ncrca5Cfl  by  cultivation,  some  samples  yieldinR  to  13  per  cent,  of  quinin.  The 
"""oid*  are  contained  in  all  parts  of  the  plant,  in  the  parenchymal  cclb.  The  root  bark 
*'*tj^nj  the  mo*t,  then  comes  the  ordinary  bark. 

,tp^  fonilihitnlt  arc:  Certain  acid's  (quinic,  quinovic,  etc.);  Tannin,  (u  cinchotannic 
■™  '.  I  to  J  per  cent,),  which  gives  a  green  color  with  iron;  cinchona  red,  a  derivative  of 
"•preceding  (both  arc  giucofids)}  gum.  wax.  rt*in,  etc. 

averv  laJrgc  number  of  alkaloids  \ulvk  been  isolated;  many  of  these  undoubterfly 
*"^  U  tbe  coone  of  the  manipulations.     The  most  important  arc  in  italics: 


ac 
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Quinin,*  Quimdin,  Quinicii). 

Quinamin,  ConqutnAmln,  Quinamitlm,  Quinamicin. 

CinchontH,  Cinckoniilin,  Cinchontcio,  I-lbmocincbonidtt. 

(Those  on  a  line  are  isomeric.)  

When  the  cry^itallizable  alkaloids  have  been  ncparateH  from  cinchona  rxtracts, 
evaporation  of  ihe  mother  liquor  yields  a  brown  attract, C*i«ci^i>>  (Quinoidin),  vhkh 
contains  amorphous  alkiiloicjs,  mainly  Di-cinchonicin  and  Di-quinidin. 

Cuprta  Hark,  from  Rcmija  pcdunculata,  Rublaccic,  contain«L  for  iht  roost  part  the 
iuimc  alkaloids,  but  no  cinchomdin.     It  is  used  in  the  manufacture  of  quinin. 

Toxic  Action  on  Protoplasm. — This  may  be  seen  on  lower  organisms 
and  isolated  cells  of  all  kinds.  It  acts  most  strongly  on  ceils  possessed 
of  amtb^td  and  similar  ftwvcment:  on  infusoria,  white  blood  cells,  dliftted 
epithelium,  spermatozoa,  insectivorous  plants,  muscle,  etc. 

Action  on  Leucocytes. — A  solution  of  0.5  to  lin  tooo  is  sufficient  to  inhibit  the  move- 
menLt  of  leuc-oryus  on  the  warmed  slide,  and  a  somewhat  larger  dose  causes  ihdr  dliin- 
tegration.  Phagocytosis  is  hindered  by  o.ooi  per  cent.  (Hamburger  and  Heluna,  1908J, 
but  stimulated  by  very  low  concentrations  (Manw.iring  and  Ruh,  190;). 

The  depressant  action  is  also  obsen'ed  in  intaci  frogs.  When  the  mesentery  at  1^ 
animal  is  exposed,  icucocrj'tes  in  activi;  motion  arc  seen  in^de  and  outside  of  the  vesid. 
If  tjuinin  is  now  applied,  the  movement  of  the  cells  outside  of  the  blood  will  be  arrested, 
K-hilst  those  In  the  blood  stream  still  emigrate.  The  result  is  an  accumulation  of  ctUi 
about  the  vessel  wall.  If  the  auinin  is  injected  into  the  vessel,  the  re\*ersc  takes  place. 
The  movement  of  the  cells  in  the  blood  is  arrested,  preventing  emigration,  whilst  those 
outside  do  not  come  into  contact  with  the  poison,  continue  to  move  away,  and  leave  a 
dear  zone  about  the  ve&seE  (Binz,  1S67;  Ikoda,  1916).  This  action  doci  Dot  occur  in 
mammals  since  the  neces^ry  dnsc  would  kill  Ihe  animal. 

In  man  and  nuimmah,  it  causes  at  first  an  increase  of  the  lymphocytes,  these  being 
pressed  into  the  cirmlalion  by  the  muscular  contraction  of  the  spleen  and  lymph  gU»is. 
Thifiisfollowedaftcranhour'by  a  decrease,  and  this  is  again  succeeded  by  rather  majted 
Icucocytosis.  Continuous  administration  leads  (oIcut!Of>enia  fulluwcd  bv  Icucocytoitl 
(G.  B.  Roth,  igii).  The  opsonic  index  la  slishLly  increased  in  man  by  dose*  of  15  et. 
(T.  B.  Wilson,  1907). 

Antiseptic  Action. — Bacteria  and  yeasts  are  also  killed  by  quinin,  bat 
require  a  hij-her  concenlralion  (2  to  8  :  1000)  than  do  the  protozoa. 

McDonald,  1915,  considers  its  germicidal  efficiency  about  half  that  of 
phenol;  whilst  as  an  antiseptic  it  approaches  bladder  irrigation,  espe- 
cially as  prophylactic  in  cystoscopy.  This  concentration  does  not  cause 
noticeable  irritation. 

Skeletal  Muscle. — The  effects  on  fro^  muscle  are  depressant.  Dilute  solutiotu  do 
not  change  the  form  or  duration  of  the  smglc  twitch,  or  the  latent  period,  nor  do  they 
cause  histologic  changes;  but  tbcy  dicninish  Ihe  load  which  the  muscle  can  lift  and  toe 
total  work,  and  hasten  fatigue.  These  phenomena  arc  also  observed  in  curarized  mtud^ 
so  that  the  actions  must  be  directly  on  the  muscle  substance.  High  ooiKcntimtuiBft 
coamilate  and  destroy  the  muscle  structure  (Secher,  191  s;  Santesson,  iS^z). 

Cardiac  Muscle. — In  the  fro;;,  this  is  slowed  by  t :  50,000  solution  and  ircakenrd  is 
its  contraction;  iLi  effectiveness  is  consequently  diminiMied.  The  blowing  occur*  after 
atropin,  and  iii  therefore  muscular.      A  t :  5,000  solution  kills  Ihe  heart  in  a  few  minuto. 

The  turtle's  heart  is  slowed  by  all  doses;  the  cxcur^ons  are  increased  by  small  and 
diminishefl  by  IiikIiit  concentrations  Cde  Arric,  1912). 

Mammalian  Circulation.— In  mammals  and  man  small  doscscauae  first  nquieiunti 
puhr  with  rhe  of  blavd  prtssure  fLiteralurc,  dc  .-\rric,  loii;  Bibcrfcld,  1016). 

The  cause  of  the  former  is  still  under  dinnute,  but  i<^  perhaps  rentral.  The  rite  of 
pressure  depends  mainly  upon  a  vaxocanslrkison,  but  the  cause  uf  this  is  also  slJU  imde- 
termincd.  It  may  pos<;)bly  bc-  due  to  a  direct  stimulation  of  lite  unstripcd  musdcsol 
the  blood  vessels. 

Larger  doses  (in  man,  from  i  Om.  upward)  cause  a  fall  of  blood  pressure  and  slowia^ 
and  weakening  of  the  heart  from  tJie  outset. 

The  fall  is  due  in  part  to  vnsoiiUalion.     The  slowing  and  weakening  of  the  hemri . 
analogous  to  those  observed  in  the  frog.     It  is  seen  in  the  excised  organ  tl.angmil 

■  Name  fmm  ^nima,  twrk.    Tti«  stmairal  formntA  of  quinin  11  discuMed  hf  Ad.  Kauf  tnaaa. 
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T*»<?"«i>iod).     In  ihisitoftm  causes  irregularity,  but  may  regulate  the  heart  if  it  i»alreiuly 

_  Jt-"eriu5ed  mnromalian  vessfls  are  di1al«fl  by  quinin,  whilst  those  of  the  frog  arc  con- 
^  tM.     Apocodrin  and  yohimbin  act  similarly  (Gunn,  igog). 
"Xlic  brain-vessels  arc  dilated  in  rabbits  and  fish  (Bcrezia,  IQ16). 

'Vtenis. — ^The  contractions  and  lone  of  ihc  excised  uterus  are  strongly 
s-ti wT^ulated  (Kurdinowski;  Kehrer,   i(>o6)  by  concentrations  as  low  as 
f  00,000  (Lleb,  1914). 

0!incbanin  and  dnchonidin  acC.'v  ^imilnrlyi  quinidin  produces  only  relnxation.  All 
tlxc^K;  effects  are  the  stronger,  the  more  active  theuleriin?  movemenls  (Zanda.  igioand 
a  9  X  a).     The  relative  effidency  of  the  cinchona  alkaloids  has  been  determined  by  Hall, 

I^his  effect  may  explain  the  use  of  toxic  doses  of  quiain  for  abortion,  although  the 
ime-5.tinalirrilalion«i-ouldpIayapart.  Maurer.  1907,  uses  it  as  an  ecboiic  (0.5  to  i  Gm,, 
rop<iaied  in  an  hour  if  necessary),  claimitiK  marked  effects,  usually  in  forly  minute*. 
Tf»c  action  b  not  used  clinically;  ibul  toTic  doses  arc  credited  with  producing;  abortion 
d>rc»tjably  i>artly  by  intestinal  irrilatioii). 

Cootractioo  of  ^e  Epleen  and  jnteEtines  may  also  occur.  Excised  IrnihenI  miisrle  is 
'■^la-xed  CTrcadclcnburg). 

The  fieri phfrat  nervn  are  not  markedly  aflected,  except  the  poison  be  applied  direi^tly, 
'•■**«»»  it  will  irritate,  depress  and  finally  kill  them  Just  as  other  protoplasm. 

Xiocal  Action. — Quinin  produces  some  local  irritation  and  anesthesia. 
When  given  hypodcrmically  it  occasions  severe  pain,  and  may  lead 
to  iibscess  formaiion.  When  given  by  tlic  stomach,  large  doses  cause 
gfxsiralgid,  nausea,  vomiting,  and  diarrhea.  It  also  retards  the  absorption 
^f  saJts,  and  probably  of  food.  Its  pjccrelion  through  the  Iddnej's  may  give 
ri_s«,  with  large  doses,  to  albuminuria  and  hemoglobinuria.  The  hemoglo- 
t>i*iuria  of  severe  malaria  (black-water  fever)  may  he  partly  due  to  in- 
«=reased  sensitiveness  to  quinin.  It  seeras  not  unlikely  thai  a  skin  eruption 
wtiich  is  sometimes  ob.served,  resitUs  from  the  irritant  effects  of  Its  ex- 
cretion through  this  channel. 

Ulcers. — The  sulphate  has  been  used  as  antiseptic,  st>-ptic  and  stimu- 
*^J\t.  dusting  powder  in   ulcers. 

Quinin  and  Urea  Hydrochlorid  as  a  Local  Anesthetic— This  and  other 
*iouble  salts  of  quinin  are  much  more  soluble  and  produce  little  or  no  irri- 
tation, but  fairly  complete  anesthesia,  sometimes  lasting  for  several  days 
CHerizler,  Brewster  and  Rogers,  1909).    It  is  used  hypodermically,  gen- 
erally as  0.25  per  cent,  sometimes  as  i  to  3  per  cent.     Solutions  stronger 
toan  0.25  per  cent,  may  produce  fibrous  indurations  and  above  i  per  cent. 
*t  may  cause  sloughing.     Solutions  of  10  to  20  per  cent,  can  be  used  on 
'Hucous  membranes. 

Crile  uses  a  t^  per  ccat.  solution  for  infiltrating  the  peritoneum, etc.,  to  blockaSerent 
•SipuUe^  Thi-^  cauwssnme  local  edema,  persisting  for  a  time  after  the  wound  has  healed. 
I>ouble  Quinin  Salts. — The  increased  solubilily  of  quinin  hydrochlorid  (3  parts)  by 
totipytin  {2  parts)  was  announced  by  Triuki,  iSqs,  and  Santcsson,  iSq?.  GaRlia, 
•w,  anrl  Gicmsa,  igoS,  advise  the  urethanc  comtKiund  as  being  less  arid  and  less  readily 
wcomposed  by  boiling,  than  is  the  urea  salt  (Filippi,  i»>i3).  It  is  made  with  i  dm. 
w  i^Binin  hydrochlorid,  0.5  Gm.  urelhane,  and  a  c.c.  of  water. 

rerments. — Interference  with  fL-rmenl  action  may  be  seen  in  many  directions. 
Iwniwt  important  arc:  the  oxydases  of  btoad  and  of  protoplasm  autolyM*  (Lagneur, 
•floft);  slowed  acidification  of  shed  bload ;  Ics-'cnitiK  nf  the  amautil  uf  hippunc  acid  formed 
^Ma  benzoic  add  is  circulated  ihrouKh  the  pscised  kidney.  The  various  diKestive 
"■rats  are  hindered,  but  not  to  the  same  degree.  It  also  lessens  the  (clycogcncUc 
fuiftton  of  the  liver;  i.e.,  the  ijostmortcra  transformation  of  the  glycogen  into  sugar 
(Holfinanc.  1S77). 

BttBOclobtD. — This  shows  a  characteristic  chan);c  with  strong  quinin  solutions 
(Via,  1906);  no  methemoi^lohin  is  formed  (Lewin,  tgog). 
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Effect  OQ  Digestion. — Small  doses  of  quinin  (0.05  Gm.,  i  gr.),  taken 
before  meals,  act  as  a  stomachic  and  tonic ;  but  they  are  probably  inferior  to 
other  bitters.  Larger  doses  diminish  gastric  secretion  (Klocman,  191 2),  and 
interfere  with  the  ferments  and  with  absorption;  even  small  doses  when 
long  continued  lessen  the  utilization  of  food.  Toxic  doses  stimulate  the 
vomiting  center  (EgKleston  and  Hatcher,  1915).  Tinct.  Cinchonc  Comp. 
(5  C.C.,  1 5)  adds  the  stomachic  effect  of  aromatics  and  alcohol,  and  the 
astringent  action  of  tannin.     It  may  be  useful  in  chronic  gastric  catarrh. 

Metabolism  and  Temperature. — The  effects  were  discussed  on  page 

455- 

Use  in  Fever.— The  antipyretic  action  of  quinin  may  be  utilized  in  any 
fever.  It  has  several  theoretical  advantages  over  the  anilin  antip>Tctic3. 
It  conserves  energy  by  lessening  metabolism,  instead  of  dissipating  it  by 
increased  heat  loss;  there  is  less  risk  of  collapse;  and  its  effects  are  more 
prolonged.  On  the  other  hand,  the  annovn'ng  cinchonism  and  occasional 
idiosyncrasies,  eruptions,  etc.,  limit  its  usefulness.  It  is  employed  mainly 
where  the  depressant  action  of  the  anilin  derivatives  is  especially  con- 
traindicated,  as  in  influenza;  or  where  only  small  doses  are  required,  as  in 
colds.  The  full  antipyretic  dosage  is  from  0.3  to  i  Gm.,  5  to  15  gr.  Like 
other  anlipjTetics,  it  i.s  most  efficient  when  the  tcmperalure  has  a  natural 
tendency  to  fall.  It  take*  about  two  hours  to  act,  and  should  therefore 
be  given  about  that  time  before  an  expected  fall  of  temperature. 

It  has  been  suggested  that  hs  cfficicncj-  in  fever  is  due  to  an  antiseptic  action  00  the 
blooti.  This  is  nut  prubaljlt;  since  bacteria  arc  very  rc&i^tant  lo  it,  ami  wuuld  scarcely 
be  affected  by  it  in  the  concentration  in  whicU  it  could  exist  in  the  blood. 

Use  in  Astatic  Cholera. — Quinin  has  been  csjiccially  recommended  in  this  diseasei 
in  which  coiiilitions  vrnutd  he  favorable  for  a  dlmt  Uuctencldnt  action  [FuUrrton,  1896V 
Uishirr,  iQoo),  The  dry  sulphate,  0.6  Gm.,  logr.,  i^  ad  miniate  ref  I  even*  hour  for  lour 
to  eight  dose<i  until  bile  rcappe-ars  in  the  feces.     Further  conlirmaliun  ts  required- 

DsA  in  Pneumonia. — This  abo  is  claimed  to  be  especially  benetited  by  quinin;  but 
the  natural  course  of  this  disca.«  makes  judgtoent  very  diliicult.  O.  H.  Brown,  1912, 
states  that  pneuniococci  cultures  are  killed  in  one-third  to  five  hours  by  o.r  per  crnl.  ot 
quinin  (especially  baMc),  whiUt  other  organisms  (strepto-  and  staphylococci)  rrquiie 
much  longer.  S.  S.  Cohen,  1911  and  19131  momniends  massive  doses,  1  to  i.a  Ota-, 
15  to  35  gr.,  of  quinin-urea-chlorid,  di^&olvnl  in  1  parts  of  hot  water,  and  injected  ialo 
the  muscles;  followed  by  further  injections  of  1  Clm.  dos«  e\'ery  third  hour  until  the 
tcniperaturc  rcmjiins  bcfow  loi'F. — rarely  beyond  6<^'enty-two  hours.  He  claims  that 
this  docs  not  produce  cinchonism,  gives  great  symptomatic  relief  (respiration,  cough, 
pulse),  and  lowers  the  temperature  at  ihc  ortUnar}-  lime,  but  by  lj*«is  utfilcad  of  crisis. 
The  anatomic  lung  changes  arc  not  affected,  indicating  that  the  action  U  probably  oot 
on  the  local  process,  but  rutlier  antipyretic  and  analgesic 

Use  of  Quinin  in  Colds,  Headaches  and  IVenralgias.— Like  other  anti- 

pyreticii,  quinin  ha.s  an  analgesic  effect  in  these  conditions.     It  is  used  in 
doses  of  0.05  lo  0.2  Gm.,  i  to  3  gr. 

Central  Actions. — The  effects  arc  not  important,  except  with  toxic 
doses.  They  consist  in  a  rather  slou'  gentral  poraiysis,  proUtbly  preceded 
by  stimtilation;  the  latter  is  somewhat  difficult  to  make  out  in  m; 
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In  /rogr  there  is  first  an  increased  rcflcs  irritability.    Thb  i«  followed  by 
spontaneous  movement,  then  paral>'sis  of  re>;piration,  and  lastly  of  the  cord. 

The  deprcKiin;;  efTects  upon  the  bemLiphercs  are  much  less  marked  in  mammab, 
but  a  diminished  appreci-Jiion  t*f  pain  can  be  diiitinctlv  made  out,  and  upon  it  rest*  t^ 
employment  of  quintn  against  neuralgic  and  rheumatic  pain.<t. 

Its  addition  to  morphin  or  urethane  does  not  increase  their  narcotic 
effect. 
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Cinchociidm  and  Ciocbonin  Coovulaioos.— These  alkaloids,  which  oLberwise  igree 

qujJUativcly  vnth  quinin.  produce  convulsions  of  the  mcdulUry  type.  The  action  is 
bek>«r  the  cerebrum;  for  after  full  operative  recovery  from  hemi^ection  below  the  optic 
tbtUmi,  with  rnsutaz  hemipteipa,  cinthooidio  still  cuusci  bilaleral  convuliuons  (.'Ubcrtoni, 

Toxic  Actions  of  Quinin. — With  very  high  doses  of  quinin,  the  symp- 
toms of  cinchonism  (see  below)  are  accompanied  by  diffUulty  of  speech, 
^Mfusion  of  ideas,  somtiolence.  Then  loss  of  consciousness,  alternating 
■with  deiirium,  conui,  and  at  times  convulsions. 

Ic  has  been  doubt«l  whether  the  latter  arc  really  due  to  quinin  or  to  the  accidental 
pmence  of  same  of  the  convulsant  cinchona  aikaioidK. 

Gcncr^  pareiia  may  appear,  preceded  bj-  general  depression  &Dd  muscular  vrc&kocss. 
The  lina]  symptoms  arc  tlKisc  of  collapse,  due  to  ^enrrat  paralysis  of  tliu  cunlral  nervous 
myytcm.  and  in  part  also  ot  the  heart.  The  n.ipiratory  center  shows  a  short  primary 
sitmulation  with  following  more  marked  paralysis.  The  lultcr  is  the  usual  cause  of 
dt^jsk.  But  since  the  medullary  centers  arc  not  markedly  aiTccted  until  ver>'  late,  quite 
bivs«  doses  are  often  survived. 

The  fatal  doic  It  usually  given  as  8  Gm.,  but  to  Gm.  have  been  recovered  from. 
tt  is  doubUal  how  much  of  tliis  really  entered  the  circulation,  since  the  sulphate 
ts  very  insoluble,  so  that  a  Uirge  amount  may  nut  have  been  absorbed. 

Cinchonisni. — Early  symptoms  of  larger  doses  of  quinin  arc  headache, 
Hn^tng  in  the  ears,  and  disturbed  vision,  a  complex  of  symptoms  grouped 
together  under  the  name  of  cinchonism.  These  arc  probably  due  to  a 
selective  aciiun  on  the  vessels  of  the  eye  and  car,  which  can  also  be  demon- 
^trraied  experimentally  on  animals.  Toxic  doses  produce  photophobia, 
^*3yness,  and  blimlncss,  at  trst  partial,  later  complete.  Tiiese  arc  prob- 
3*^1  >'  partly  central.  Similar  phenomena  occur  with  salicylates  and 
roliited  drugs.  Cinchonism  is  very  subject  to  idiosyncrasy,  being  much 
'^<^r«:  easily  produced  in  some  individuals.  It  is  said  that  the  minor 
[*y«r»ptoms  may  be  somewhat  diminished  by  bromids. 

-Ajiatomic  Changes  in  £;e  and  Ear. — The  retina  h  said  to  be  ancouc,  whilst  the 
'^^^'Tial  car  i<  congL-sied,  po^stmortem  tKirchncr).  Hamack,  iqij,  also  ascribes  the  eye 
^"A^i^c  to  spasm  of  the  retinal  vessels  with  subsequent  optic  atrophy.  Wlttmaak 
5l^^3}  cloinis  that  tlus  congestion  U  not  due  to  quinin,  hut  to  death,  and  points  out  that 
*™«->»^w  of  blood  pressure  do  not  produce  deafness.  On  the  other  hand,  he  demonstrates 
~*'*1jjrs  in  the  c«l»  of  the  M)iral  ganglinn,  hy  the  N'Ual  stAin.  He  is  therefore  inclined 
~^*t  tribute  the  auditory  effect  to  a  ^pecilic  toxicity  of  quinin  to  thesecells.  A  corro- 
*P<*nciing  origin  i«  a»i£ned  by  .\llland,  1904,  to  the  visual  changes,  the  retinal  cells  being 
^'^■"cd-     This  might  b«  4(i:otidary  to  the  ischemia. 

_  Skin  Eruptions. — These  are  quite  common  in  the  therapeutic  use  of 
fi^**nin.  They  may  be  scarlatinal  or  urticarial.  Atropin  is  s^d  to  dimin- 
'^'^   their  occurrence. 

Quinin  in  Malaria. — The  specific  action  of  quinin  in  this  disease  is  due 
^^  its  loxic  effects  upon  the  plasmodia  causing  the  disorder. 

„ Ttb  organUm  is  especially  susct-ptiblc  ti>  it.     On  a  slide  a  1  :  10,000  solution  im* 

2??^*^*ly  »rrrsls  the  movements  01  the  para-sitc,  and  Mmilar  phenomena  occur  tn  the 
^P^>'.  About  three  hour*  after  the  .id  mini!:!  rat  ion  of  quinin  by  the  mouth,  the  endo- 
'r^l^iaUu'  form3  uf  tertian  and  quartan  fever  become  immobile,  granular,  lose  Ihdr  nucleoli 
?^^  WkU  afunicy  for  certain  stains.  Sevtral  hours  Inter  they  may  be  seen  ileformed  and 
_    ^Mpncfitcd  ;Lo  .Monaco  and  Panichi,  1800). 

nic  Mkrr  finf-Mana  iiikali'iJs  have  n  similar,  but  much  weaker,  action  on  the  protozoa. 

.      R*M  and  Johns,  rot  3.  who  have  cullivtttcd  the  phismo<lia.  fmd  that  they  are  readily 

^^t-lXayetl  by  normal  srnim.     They  suggest  that  quinin  acts  by  rendering  the  ted  blood 

T^^iUicIes  more  permeable  to  the  toxic  constituents  of  the  scrum;  but  there  is  no  other 

"''letice  for  this  view. 

Aciiolu  fif  Hintatin.—W.  H.  Brown,  igr?;  and  Brown  and  Loevenhart,  1913,  tind 
^«kt  the  injection  of  small  do«cs  oC  hcmalin  into  rabbits  produces  paroxysms  similar 
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to  tho<<«  of  human  malaria:  A  "cold  stage"  of  cutaneous  vasoconstriction  n-itb  fatnog 
surface  tcraixTaturc  and  rise  of  blood  pressure;  succeeded  by  cutanirous  vasodiUlion 
with  hot  sIlid.  l.arj:;er  doses  cauM;  splanchmc  dilation  (central)  and  centra]  vagu^ 
stimulation  with  falling  blood  pressure.  The  respiration  is  dcpmsed,  ending  in  deatli. 
Buttcrlicld  anil  Dcncdict,  1914,  failed  to  confirm  these  effects,  and  datm  tJiat  large  doscs 
kiU  by  intravascular  precipitation  of  Iiematin. 

Different  Susceptibility. — Quinin  is  most  effective  in  the  tertian,  ic» 
in  the  quartan,  and  least  in  the  pernicious  malaria.  It  does  not  act  equally 
on  the  parasite  in  all  the  stages  of  its  development.  The  sexual  fonns 
are  more  resistant  than  the  usual  asexual.  Its  strongest  action  is  upon 
the  forms  which  are  just  breaking  into  spores  and  upon  the  free-swimming 
organisms;  it  is  much  weaker  upon  the  older  segmenting  bodies,  and  least 
upon  the  young  eudoglobular  forms. 

Adminhtnition  in  Malatui. — Since  the  resistant  endojjlobular  forms 
exist  in  the  blood  just  before  the  paroxysm,  and  their  sponilation  gives 
rise  to  the  characteristic  chill  and  fever,  and  since  quinin  does  not  act 
welt  upon  them,  it  will  not  be  effectual  against  the  oncoming  paroxysm. 
But  if  it  is  given  at  this  time  it  will  be  present  in  the  blood  when  the  spores 
are  liberated,  and  as  these  are  most  susceptible  to  its  action,  it  will  kill 
them  and  ihus  prevent  the  development  of  the  new  cycle  (prox-iding  that 
the  dose  has  been  sutTicienlly  large).  It  should  therefore  be  given  several 
hours  before  the  expected  paroxysm  so  as  to  allow  time  for  its  absorption. 
The  dose  should  then  be  quite  large:  i  to  2  Gm.  given  (fasUng,  If  possible) 
two  to  three  hours  before  the  expected  attack  (which  will  in  aU  probability 
occur),  or  o.,5  Gm.  four  to  five  times  a  day  in  the  interval;  0.5  Gm.  per  day 
should  be  toulinued  for  three  months  after  the  last  chiU. 

To  be  effective,  the  quinin  must  be  administered  in  solution:  Large 
doses  of  quinin  sulphate  in  pills  or  |K>wder  are  probably  largely  wasted, 
since  Lhey  are  not  dissolved  or  absorbed;  the  sulphate  requires  730  parts 
of  water  for  solution.  The  hydrochlorid  is  more  soluble  (i:iS)  but  the 
bisulphate  (1:8.5)  """  ^-^^  dihydrochlorid  is  the  best. 

It  is  not  custoRiar>'  to  prescribe  the  bi&ulphatc  directly,  but  to  bring  the  sulpfaaie 
into  solution  by  the  additiun  of  a  suflictirnt  quantity  of  dilute  sulphuric  acid.  Tit 
quanlUy  of  acid  should  tc  raiher  in  rxftsj.  If  it  is  only  ju5t  sufficieot,  some  sulphate  irill 
be  precipitated  on  the  tongue  by  the  alkaline  saliva,  and  give  rise  to  a  ver>-  pernstent 
after  [a<;ie.  There  will  be  very  tittle  of  this  U  an  excess  of  acid  is  used  and  tne  mouth 
rinsed  afterward. 

Urgent  cases  may  demand  intramuscular  injections  of  quinin  di- 
hydrochlorid (i  Gm.  in  10  c.c.)  or  of  quinin-urea  hydrochlorid  (2  Gm. 
in  5  to  10  C.C.).  Intravenous  injections  of  the  hydrochlorid  have  also  been 
used.  Concentrations  of  1:150  are  dangerous  [MacGitchrist);  and  even 
lower  concenlraLions  should  be  used  with  caution,  for  fear  of  direct 
cardiac  effects. 

Ehrlich  suggests  using  methylen  blue  with  quinin. 

Vt€  in  itaiienoHl  Malaria. — Practical!)^  all  cases  of  malignant  malaria  are  due  to  the 
esttvo-autumnal  rjla:imiMlium  {P.  falciparlum).  This  ^K-nd;;  only  a  fuurtli  ol  its  Ufe 
cycle  in  the  circulating  bliwd;  the  remainder  in  the  capUlarics,  where  it  h  not  easily 
reached  by  the  quinin.  The  parasites  enter  the  circulation  after  thc>-  aegmeot.  Since 
this  process  xf.  continuous,  a  sufficient  concentration  of  quinin  mus,t  be  maintaiDctl 
In  the  blood  continuously. 

Tlic  absorption  from  lh«  intestinal  tract  is  too  slow  for  these  severe  cases,  and 
hypodermic  injection  may  not  be  any  better,  since  the  local  irritation  often  delays 
absorption,  'intravenous  injection  h  therefore  preferable  in  serious  cases.  Ouiwa. 
when  administcrefl  by  vein,  appears  in  the  urine  in  a  few  minutes;  often  a  BaU  c< 
the  doM  is  eLiminated  in  twelve  notrn,  and  practically  all  in  a  day.    The  injections  mt»t 
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fore  bv  repeaffd  every  few  hours,  until  all  the  pariuites  arc  killed  (generally  in  thirty- 
ijis  hourfi>.     The  quantity  should  never  exceed  0.65  Gm.  per  dose,  nor  3  Urn.  per  day. 
Fatalities  have  occurred  from  3  (.im.  (Bass.  1915). 

Bemtegtobinuria. — Thii^  somelimes  follows  the  use  of  quinin  in  pernicious  anetnia, 
("bUcfc'Trater  fever").  It  a  not  clear  whether  the  drug  has  a  causative  relation;  for 
[.quinin  dues  not  produce  hemoglobinuria  in  the  absence  of  malaria,  whereas  the  urine 
'may  betome  hlotwiy  in  nialarial  cases  that  havi;  not  nrriveil  quinin.  On  tlic  ulht-r  hund. 
it  is  recorded  that  the  symplom  was  agg">vaied  by  the  drug,  or  appeared  only  after  the 
drufc  wm&  started.  Brem,  1917,  states  that  extracts  o(  malarial  parasites  are  strongly 
*" —  alytic;  and  it  Is  quite  conceivable  that  (lutotn  aids  in  the  liberation  of  this  licmolytic 

■  PCUOD. 

Quinin  as  Prophylactic  against  Malaria. — Most  authorities  consider 
quinin  as  tiseful,  although  not  invariably  successful  (Thayer,  1912).  Koch 
advised  t  Gm.  once  a  week;  Mariani,  0.5  Gin.  daily  in  divided  doses. 
A  minority  consider  quinin  prophylaxis  of  slight  value;  and  Stilt,  1907, 
claims  that  it  renders  active  quinin  treatment  much  less  effective. 

The  question  has  been  raised  whether  it  is  possible  to  eradicate  malaria  in  a  given 

KftOD.  by  killing  the  pUistnudia  in  the  human  hosts,     The  answer  upp<:ar<i  to  be  in  tlic 

acgativc:     Orenstcin,  igi  ;,  after  subji-ctint;  .1  malarial  conununity  to  systematic  qui- 

^iriliiaation  by  the  Koch-Ollwi^  method,  found  the  incidence  of  malaria  practically  un- 

kngvd. 

Administration  of  Smait  ZJoMj.^SmaJl  doses  of  quinin  sulphate  or 

hydrochlorid  may  be  easily  administered  in  the  forms  of  pills  or  capsules; 

€>r  in  solution,  the  laslc  being  disguised  by  glycyrrhiza.     (No  acid  musl 

l»c  prescribed  with  the  lattcrl)     The  free  alkaloid  is  almost  tasteless,  and 

ttic  lamiale  quite  so,  because  of  llieir  slight  solubility.     Their  absorption 

wLU  not  suf&cc  for  large,  but  is  probably  adequate  for  small  doses.     They 

vf  be  placed  dr>'  on  the  tongue  and  swallowed  with  a  draught  of  water. 

jirUim«Utriiii  ESiciency  of  Cinehona  Alkaioids. — MncGildirisL  stales  this  to  be  in 
order    of:     Hydroquimn>cinchonia,    quinin,    nuinldin>cthylhydroxycuprdo> 
idia>quinoidin;  the  ia^\.  being  the  mu!>t,  the  last  the  least  active.     The  same 
er  holds  for  the  different  forms  of  the  parasittrs^     Confirmation  would  be  desirable. 
•Amebic  Dysentery. — Quinin  is  used  lor  rectal  irrisation.     It.s  administration  by 
»«»*=»  «-ita  {1  Om.  \Kt  day)  i&  M)metime»  effective,  but  less  certain  than  etaetin  (Brooks, 

Xabies.— V.  H.  Moon,  1913  reports  appiircntly  successful  resitlts  with  qatnin  on 
d^^^pS^s.  1r  iQt>,  he  reports  thrm  only  very  !ilii;htly  poMrivt  and  practically  negUgjblt. 
-^^-»  ^ubicqucnt  observers  report  negative  results.  [  Kjumwicde  and  ilann.  1915;  Fielder, 
■*>  "  -4,  1916). 


QUININ  DERIVATIVES 

The  esters  of  quinin  with  \'arious  acids  are  insoluble  and  therefore 
^eless.  They  pass  the  stomach  unchanged,  but  are  slowly  saponified 
^lic  intestines;  in  this  way  exhibiting  a  ver^'  gradual  and  presumably 
*Jt  action.     They  arc  more  easily  administered,  and  produce  less  side 

^*^*-*ons,  but  are  not  always  devoid  of  cinchomsm  (Seifcrt,  Nebenwirk., 

'^^*  5.pp.  115-119). 

^w?      ■■Tity  are  used  in  the  same  doses  as  quinin,  in  powder  or  i^uspended  in  litiulds.     To 

^^^    type  belong: 

j-^^iwochin  (diquinin  carbonic  ester) j  ntquinin  (quinin  ethyl  carboitic  ester)  and 

^^^9*"iJfi  ;quiniasaltcyliccstcr);  thclattermay  bcuscdfora  weak  salicylic  action;  and 

-|  ^^^phmin  (pbenetidin  quinin  carbonic  ester)  for  exhibiting  simultaneously  the  action 

trS^*ieitaceliQ.     .Vi  to  the  last  two  mentioned,  there  i«  no  advantage  in  a  chemic  com- 

T^^vioa  of  two  therapeutic  ifcnts;  on  the  contiao'i  it  prevents  the  neccswry  elasticity 
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ABSORPTION,  FATE  AHD  EXCRETION 

Quinin  la  absorbed  mainly  from  the  small  intestine  (MacGilchrist). 
In  the  blcxid  it  is  contained  chiefly  in  the  corpuscles  (Baldonl,  1912,  1913). 
The  greater  part  (70  to  90  per  cent.,  Merkcl,  1902;  Schmitz,  1907;  Biber- 
feld.  1916)  is  destroyed  in  the  Ijody  (also  in  the  perfused  liver;  Grosser, 
1908).  The  remainder  Is  excreted  unchanged  by  the  urine,  and  traces  by 
othiT  secretions  (milk,  Kohlewjin,  1910).  The  excretion  l>egin3  within  one- 
half  hour  and  is  practically  completed  in  twenty-four  hours  (Nishi,  1909; 
Baldoni).     With  medicinal  doses,  it  can  not  be  demonstrated  in  the  urine. 


PREP  ARATiaNS— QUININ    GRUUP 

The  ordinary  salts  of  quinin  are  while,  odorless,  and  inlensely  bitter. 
They  are  incompatible  with  alkalies  and  other  alkaloidal  predpilants,  and 
with  salicylates,  benzoates  and  tartrates.  Average  dose  oj  all  quinin  mils, 
tonic,  0.1  Gm.,  1)2  gr.;  malarial,  at  least  i  Gm.,  15  gr.  daily,  U.S.P.; 
ori/wary  Jo5c,B. P.,  0.06  to  0.6  Gm.,  1  toiogr.  The  solubilities  arc  shown 
in  the  following  table., 


QVITilSA  (Quin.),  U.S.P.;   C,JI..NK),  + 

3ir.o  

*QIIS.  BISULPn.,  U.S.P.;  Qu."  HjSO,  + 

7n^  

QVIS,  HYDROBROM.,  U.S.P.;  Qu.  HBr  + 

H3O 

•0['/,V.  BYDROCUL.,  U.S.P.,  B.P.;  Qu.- 

HCH-  jHfO   

QVIS.    blllYDROCUl.,    U.S.P.;    OUIS. 

UYDROCJIl.  ACID,  B.P.;  QaiWCX  .... 
QUIS.  SAL.,  U.S.P.;  C)u.CJtU.U-,  ^  H^  . . 
^QilS.  SULPn.,  U.S.P.,  B.P.;  Qu-,H^O,+ 

7H,0   

'^MiHtnif  Tannas  (Qum.  Tan.),  U.S.P. — A  compound  of  quinin  aufl  of  ttumJc  add 
of  somewhat  varyini  composition  and  containiog  ibout  33  per  cent,  of  anhydrous  qmnio. 
Pale  yrllow,  aniorpnous  ptiwder;  tasteless,  or  Tiitving  nol  more  than  a  sUghU)*  biltrf 
and  aslrinccnt  to&te.  Slightly  boI.  in  water;  somewhat  more  sol.  In  ale.  Doit,  o.s 
Gm..  J  gr.,  U.S.P. 

'Quihitiit  tl   Urea  ft  ydrochhncutM  (Quin.  ct  Urea.     Ilydrochl.),  U.S.P.;  QuJI 


CO(NH,>,HCI4-5HjO.— Colorless  pn»ms    or  whiu    granular  powder,    bitter  lasti^^ 
Ver>*  sol.  in  walrr  { i :  o.g),  frct-ly  s<.il.  ui  ale.  ( 1 :  2.4).     Solutions  are  strongly  add.     Dast, 

to.  bJ^^ 

1    A    C.C..  i 


I  Gm.,  15  %T.,  once  dauly.  hypodermic,  U.S.P. 

(Frrr,  d.  Qnin.  Cil — Ser  Index.) 

(£/.  ffrr.  Quin.  «t  Sirveh.  PAospb.—Stx  \ndtx.) 

PH.  Quin.  Suljh.,  B.P.— 8a  per  cent.     Daie.  0.13  to  0.5  Gm.,  3  to  8  gr.,  B.P. 

Tr.  Quin.,  B.P. — 2  per  cent,  in  Tr.  of  Orange.     Dost,  3  to  4  cc,  }^  to  i  dram.        _ 

Tr.  Qitin.  AmmoH.,  B.P. — 2  per  cent..  In  ammoniatvd  alcohol     A>ir.  3  to  4  c.c7 
H  to  I  dram,  HP. 

Yin.  Qnin..  II. P. — 0.33  per  cent     Dose,  16  to  30  cc,  H  to  I  ounce,  B.P. 

Tinclura  A nii periodica,  S.V.  [Warburg's  Tincture). — This  is  used  in  India  for 
Adniini^ltrrig  f4uinin  .-tgainst  n^alirin.  It  corlAins  t  per  cent,  of  qutnin  sulpt  "" 
0.3  Gm.  per  Lable«poon,  with  rhubarb,  aloes,  camphor,  and  aromatic  dr\in. 

Quinine    Etk\ii.irhvn<ii.     K,\.R.;     Euquinin;     C»cIf»jNiO-OCOOC«H».— N« 
tasteless  and  insoluble.     Dose,  as  for  Quinin. 

•  "S)\x  "  Klmnd*  for  CnHuNtOi. 
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V*  wist4KMin,  N.KR.;  Diquimn  carbonic  esterj  (CjoHmX^)0-COO  (CtoHwNiO).— 
m.rly  tasteless  and  insoluble.     Dosf,  as  for  Quinin. 

<y»nchoni'iin.r.  Siiiphas  iCinchonld.  Sulph.),  U.S.P.;  (CifrHMN,0),-H,S04  +  jHiO  — 
W^i  c  c  gli&tcning,  silky  needles  or  prisms;  odorless  and  hnving  a  very  bitter  taste.  Sol. 
in    *w««.ter  (itt'S)  or  ale.  (i:q5),     Dose,  0.1$  Gm..  2^  gr.,  U.S.I*. 

€:r ifukoniHO:  Svlfhas  (Cinchonin.  Sulph.),  tJ.S.P.;  (CibHmNiOJiH^SO.  +  2H1O.— 
Wh-itic,  lustrous,  pnsmatic  crystals;  odorless;  very  bitter  taste  Sol.  in  wtter  (1:60) 
or   3.lcr.  (r:  ra.s).     Z?o5«,  0.15  Gm.,  ;).$  gr.,  XI.S.P, 

<79Hckona,  U.S.P.  (Yellow  Cinchona;  Cali»aya    Bark;    Yellow  Peruvian    Bark). — 
>>«    dried  bark  of  Cinchona  Lcdgeriami,  Cinchona  Caltsaya,  and  of  hybrids  of  these  and 
t-lier  Rpeciea  of  Cinchona,  yielding  not  less  than  6  per  crnl.  uf  the  total  alkaloids.     Dose. 
1    C5xT».,  isgr.,  U.S.P. 

<rinthtma  Rubra,  U.S.P.;  CiwcA.  Ruhr.  Corl.,  B.P.;  Red  Cindiona.— The  dried  bark 
of  Crinchona  succirubra  or  of  itii  hybrids,  jnelding  not  le*.i  than  ft  i>er  ceni,  of  the  total 
alitalcaids  of  Red  Cinchona;  5  to  0  per  cent.,  B.P.     Dosf,  i  Gm.,  15  gr.,  U.S.P. 

X »aj,  Cituh.  Acid.,  B.P. — s  per  cent,  of  Cinchona,  with  1.35  per  cent,  of  Acid  Sulph. 
AxY>xxs.    Dosf,  15  to  30  C.C,  ^  to  I  ounce,  B.P. 

J^^i^txS.  Cinch.,  U.S.P.;  Ext.  Cinch.  Liq.,  B.P.— 5  per  cent,  of  alkainids.     Dose,  i 
r    IS  minims,  U.S.P.;  o^  to  i  cc,  5  to"  15  minims,  U.P. 

^jfimiura  Cinchona  (Tr.  Cinch.),  U.S.P.,  B.P. — lo  per  cent,  of  Cinchona,  with 
^^  a.Icobol.  Incompatible  with  water,  iron  and  alkaloidal  precipitant^.  Dnse,  4  cc, 
I   cLrarn,  U.S.P.;  a  to  1  cc.  ,4  to  i  dram,  B.P. 

•7~r.  Cinch.  Co.,  U.S.P..  B.P. — 10  per  cent,  of  Cinchona,  with  1.5  jier  cenl.  of 
S^'E'l^ditaiia,  together  with  Bitter  Urangc.  The  B.P.  is  colored  with  Coctuneal;  strongly 
■Icoholic.     Dose,  4  cc,  i  dram,  U.S.P.,  3  to  4  cc,  H[  lo  1  drum,  B.P. 

^istonia,  B.P.— The  drietl  bark  of  Alstonia  scholaris  and  constrlcta.  Contains 
AAlca.loi(U  and  is  employed  in  India  against  malaria;  also  as  a  bitter  tonic,  anthelnuDtic 
a.n«d  aRainst  diarrhea. 

/«y.  Alihfn.f  B.P. — s  per  cent.     I>cse.  15  to  30  cc,  J^  to  i  ounce,  B.P. 
Tr.  ,4tsloH.,  B.P. —  li-s  p«r  cent.     Di>se,  a  to  4  cc,  l^  to  t  dram,  B.P. 
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ETHYL-HYDROXYCUPREIK 

Action  in  Pneuiaonia.— This  drug  (also  marketed  as  "Opiochin") 

^3-s  a  specific  Icxicity  for  pneLunococci  (Morgenrolh  and  Halbcrstaedter). 

*■*-    is  highly  successful  against  e.xperimental  pneumonia  in  animals,  and 

promising  results  have  been  reported  in  man;  but  its  application  is  limited 

,  "y"   the  fact  that  efficient  doses  are  liable  lo  produce  blindness. 

.     ^xperimeatal  P^nenmonia. — In  vilro,  ihedruj;  inhihJLs  the  growth  of  pneumococci 

J    **-kaconccntratianof  1:800,000  in  scrums;  it  kills  them  mth  i;4oo,ooo<,Wright,  igisj. 

^^    «Bicc.  it  U  cflectivcly  nrophylarlic  in  00  per  cent.,  and  curative  in  50  per  cent,  of  the 

Lj^^^^rimental  inlcclions  (Morj^enroth  and  Levy;  Engwcr,  1912).     The  scrum  of  rabbiti 

If   ^^americidal  aflcr  hvpo<lernuc  doses  nf  o.i  Gm.  piT  Icilngrurn.  which  are  wl-U  tolerated, 

**"*^wdo»e*  arc  u-sually  toxic     Oral  admini^lr,^tion  is  not  as  effective  (Moore,  1015). 

j^  Specificity.' — /Ml  strains  of  pncuraocacci,  as  also  slrcptococci,  are  inhibited  in  titro 

^~r^  concentration*  of  1:  100,000;  whereas  olher  streptococci,  meningococci  and  gono- 

r^^«^i  require    i :  10,000^5,000.     However,    transition    races  are   occasionally    fuuiul. 

j^*itun  requires  much  higher  concentrations.    Oplochin  a!*o  increases  greatly  tpoien- 

^■""■^-e.  the  ciSacncy  of  anti-pncumotoccus  scrum  (Nachmann,  1915;  H.  F,  Moore. 1915). 

SuniAn  Pneumonia. — Dusc$  of  0.5  Gm.,  three  lo  at  mu^l  five  times  daily,  by  mouth, 

.       ^  total  of  I  to  6  (im.,  render  the  serum  bactericifial.     iLi  rMnical  ellicicnry  i*  diflicult 

Jt^ti'lge.  but  evidently  less  striking  than  in  animnls.     Lapini^ki.  1915  [who  also  );ivesa 

^,^^*"i<wc»f  the  subject),  and  A.  FraenlccI,  1915.  cimsider  the  ri-.ults  goml  in  the  first  two 

^^      <luee  days  of  the  disease.     The  success  is  indicated   by  shortened  fever,  greater 

j^^*5lorl.  diminishrd  d>'spnea  and  decreased  murlality.     Quinin  dues  not  produt"e  ihts 

^?"t*ri>vcmcnt.     When  started  later,  the  response  i*  very  hmited,  perhaps  because  the 

^•^timonit  coagulation  prcvenls  its  access  to  Lhe  bacteria,     Vellescn,  igi  j,  rcijorls  that 

^■^fciortens  the  course.    Lenne,  191  j,  claims  positive  rcAulLs  especially  from  intraveaouB 

■****iini*t ration.     Parkinson,  191J,  could  sec  no  thempeutic  cllccls. 

-.^_Cid»  Actions. — The  susce]Hibitiiy  to  these  varies  greatly  in  difTerent  indiviriuak. 


^~OM)orar>-  cinchonism  and  vomiting  are  of  frequent  ocoirrcnce;  but  the  most  serious 
l^^ioeot  is  the  tendency  to  produce  blindness  by  retinal  and  optic  nerve  changes 
\^  E.  Wright  and  co-workers,  1913;  LapinsU,  1915;  Seilert,  Ncbenwirk.,  1915,  p.  i). 
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Whilst  thU  docs  not  occur  in  all  ca»es,  and  ts  only  temporary,  the  use  of  the  drug  involves 
serious   respvinsibility. 

Fraenkel,  1915,  obtained  *ome  degree  o[  amblyopia  in  10  per  cent  of  hii  series.  II 
the  patient  ii  watched  and  the  drug  stopped  with  Ihe  ijrst  sign,  the  vision  gcncrslly 
clears  in  a  few  days,  hut  sometimes  only  after  months.  Hir&chfclder,  191$,  observ«d 
constriction  of  the  retinal  and  pia  vesAels  in  animals. 

Administratioa.— Fraenket  prefers  the  less  soluble  base  to  the  salts,  so  as  not  to  flood 
the  orRani^m.  He  Rives  o.a  to  0.3  Gm.  every*  four  hours,  not  exceeding  1.5  Gm.  per 
day,  for  at  most  three  or  four  dax-s;  carefully  testing  the  visiun  throughout. 

Pate.^Tlie  alkaloid  disjippenrs  rapidly  from  tlio  plasma  after  intravenous  injec- 
tion.    It  persint5  longer  and  in  greater  amount  in  the  corpuscles  (Bocckcr.  I9t5)> 

Other  Infections.— Iwir  and  Nicosia,  1914.  use  it  in  malaria  because  the  dnrnonism 
h  shorter  than  with  quinlo.  Levy,  191 2,  also  claims  a  curative  effect  against  stxeplo- 
coccus  mucosus. 

Use  in  Eyr. — Locally,  1  per  cent,  solution  or  salve  of  Eth>H-hydrOxycuprcin,  applied 
every  hour,  nas  been  employed  in  Ulcus  cornea)  serpens.  The  first  instillation  U  p«Jo- 
ful.  Above  I  per  cent.,  it  injures  the  cornea;  lower  concentrations  are  ineffective 
(Seifen). 

PhsTDiBcoloeic  Actions. — These  correspond  qualiutively  with  quinin.  but  are  more 
toxic.  Intravcnwusly,  optuchtn  is  more  deprcs-sunl  to  the  hcttit,  the  blood  pressure, 
however,  falls  Ips.s  than  with  quinin,  unce  tnere  is  al^  vasoconstriction.  The  antipy- 
retic efficiency  of  optochin  ta  smaller  (Smith  and  Fantus,  1916).  It  has  but  UtUe  '" 
hibitory  action  on  the  emigration  of  leucocyte^  (Ikcda,  1916). 


CUPREIN 
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This  is  an  alkaloid  from  Cuprea  bark,  closely  related  to  quinin  in  action  and  com- 
position (quinin  is  regarded  as  mcthylcuprein).  It  is  less  active  and  less  toxic  than  dn- 
chonio,  but  acquires  activity  by  Ihe  introduction  uf  alkyl-groups. 
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General  Statement.—These  drugs  and  their  derivatives,  the 
tar  antipyretics ^"  lowtT  febrile  temperature  by  dilating  the  cutaneous 
ves.scls  through  a  central  action.  They  are  highly  effective;  but  the  anti- 
pyrctit:  doses  arc  apt  to  produce  undesirable  side  actions,  and  are  clinically 
supposed  to  be  depressant  to  the  circulation.  Smaller  doses  arc  efficient 
analgesics  in  hea(!at:he,  neuralgic  conditions,  etc.  Their  use  is  not  without 
danger  from  acute  coUapst.-.  Chronic  poisoning,  with  mcthcmoRlobtn 
formatioti,  is  also  not  infreciuenl.  Acelphcnetidin  (Phcnacetin)  is  some- 
what less  dactgcrous,  but  the  difFcrcnce  is  merely  one  of  degree.  Anlipyrin 
is  freely  soluble,  the  others  are  not. 

The  former  high  price  of  quinin  caused  chemists  and  pharmacologists  to  look  about 
for  cheaper  efficient  substitutes.  It  war;  attempted  to  make  quinin  or  similar  nibstanos 
synthetically,  dqiarting  frum  quinolio,  one  of  the  decomposition  products  of  quinin. 
Whilst  this  search  did  not  rebuilt  in  an  artificial  ouinin,  nor  even  of  any  subatance 
analogous  to  it  in  action,  it  brought  to  light  a  ver}*  lar}*c  numlicr  of  substances,  in  mmc 
respects  even  more  valuable  than  the  alkaloid  itself,  and  served  to  direct  attention  tu  the 
phArm-tcologic  tignilicance  nf  the  derivatives  of  the  aromatic  series,  or,  as  tbey  are  more 
commonly  called,  of  coal-tar. 

ft  was  found  that  at!  the  eimptcr  compounds  built  up  from  the  benzol  nucleus  (with 
a  vcr>-  few  exceptions)  possess  certain  pnyaologic  actions  in  common,  as  fcjlows: 

Common  Actions  of  Benzol  Derivatives. — Central  A(twns:  Stimulation,  foUowtrf 
by  nmre  pntnuiinrpd  dtprfssiotj  of  the  entire  central  nervous  B>-stem,  but  piirtirularly; 
j^  untipvTflic  action  on  the  heat-centers,  and  an  unaigfsif  action  in  neuralgias. 

LiKot  ArlioHf:  \  fniif((/<jn/.irrilaiit, toxic  and  anlhrptif  effect  un  all  forms  of  prot«iB 
and  protoplasm — on  tissue  cells,  bacteria,  and  ferments.  A  quinin  action  on  all  (onu 
of  muscle.     Local  anesthesia.     The  formation  of  mcthciDOglobin. 

The  actions  are  exerted  in  a  different  manner  and  to  a  different  desrec  by  the  fe%'cnl 
member*  of  the  series,  mainly  in  two  directions,  so  that  these  may  beclusified  •omewbat 
arbitrarily  as  "Antipyretics"  and  "Antiseptics." 
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7*A<  ataipyreik  group  is  distinguished  by  the  predominance  of  the  action  on  the  heat- 
le^vxlating  center. 

J'h^  tinliscplU  group  is  charactcriz«l  by  a  much  more  marked  ItK-al  action  on  proto- 
p)a.^.m.  which  determines  the  usefulness  of  the  members  as  antiseptics.  The  effect  upon 
ih  e    thermic  center  passes  much  more  readily  into  general  coUapsc  than  with  the  f onoer 

(t«3Up. 

'The  dUtinction  isby  no  means  sharp,  and  majiy  of  the  substances — f.i.,  the  salicylates 
— ^oald  be  classed  under  either  i^oup. 

Structure  and  Antip3rretic  Action. — The  large  number  of  antipyretic 
bcTXzol  derivatives  differ  only  quantitatively  in  their  actions,  these  differ- 
ericrts  having  definite  relations  to  their  chemic  structure.  Practical  ex- 
per'ience  has  shown  that  acelphenetidin,  acetanilid  and  antipj-rin  are  the 
most  useful  representatives  of  the  group,  and  llaat  all  the  others  may  well 
be  opared. 

The  enterprise  of  manafacturccs  of  sjmthetic  products  has  overwhelmed  the  pro- 

~on  with  almost  nuniherlew  .antipyretics;  hut  it  must  he  confessed  at  once  that  the 


ttM^xxabta  ot  really  new  and  valuable  products  is  comparatively  ^mall.     The  great  mass 
ol    'fcllb  niaterial  conM<ts  simjily  of  insignJfKunt  variations  in  the  estahlisheti  prixlucts, 
int'TXuduced  for  the  purpose  ol  evading  patcnl*;  and  amounts  to  little  more  than  do  the 
vxricu.^  flai'orin(;s  in  the  elixirs  of  the  older  materia  medica.     This  mutli^licalion  can  only 
A»    barm  by  creating  confusion,  ."ind  should  be  abolished  as  speedily  as  possible.    The 
idcc^lion  of  the  worthy  products  from  this  collection  would  be  an  almost  hopeless  task, 
were  it  not  that  certain  uefimtelaws  have  been  deduced  from  the  experimental  evidence, 
iccording  to  which  we  may  foretell  the  action  of  a  coal-tar  derivative  from  its  composi- 
tion, nith  almost  absolute  certainty.     In  this  way  many  new  compounds  can  be 
id  j  U'lgcd  as  unworthy  of  extended  trial.     A.  presentation  of  some  ol  these  laws  will 
thcrtfore  be  of  practical  \'aJue,  aside  from  their  scientific  inu-rest. 

The  antipyretic  action  really  resides  in  the  benzol  ring.     Yet  benzol 
(C«B()  itself  is  not  antipyretic,  because  it  cannot  readily  enter  into  reaction 
with  the  body  cells;  this  capacity  of  reacting  may  be  given  to  it  by  sub- 
stituting for  one  of  its  [H]  atoms  an  lOH]  group,  as  in  phenol,  CbHsOH; 
or  still  more  strongly  by  an  NHs  group,  as  in  anilin,  CaHfiNHi (Phenvl- 
hvdrazin,  CftHiNK-NHs  being  yet  stronger);  or  by  both  as  in  paramido- 
icnol,  CH^OH-NH,. 

OH 


N 

Panmido-phenol 


NHCH.CO 

AceUnilid 

OC.H. 


Phcnetidin 


ocaia 


N"HCH.CO 

AcetpbmetHlin 


fanmuio-pnenoi  rhcnetidin  AcetpbenetMim 

n  .?'.'*  oiodifications  of  the  ben/.nl  ring,  the  action  is  quite  wanting;  thus  in  Pyridin, 
«»N;iDN*aphlhalin,  CkH,;  in  Phcnanthren,  CsHfCH.    But  it  reappears  in  QuinoUn, 

1  ! 


C,H, 

CiHfc  uut  is  nlso  prcaeot  In  the  pyrazol  ring, 
CAN 


C.H^CH 
NH  NC,H< 


HCi         ICH 


CHtCj^  ICH 

Antipyria 
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We  repeat  that  the  power  of  acting  is  given  to  the  benzol  or  otl 
chain,  by  replacing  H  through  OH,  or  NHa,  or  both.  The  substances  m 
produced  are  the  so-called  "  mother-substances."  They  are  strongly  ami- 
pyretic,  but  they  also  produce  collapse.  Before  they  can  be  used  In  prac- 
tice, this  collapse  action  must  he  diminished.  This  may  be  done  by  replac- 
ing the  [H],  either  of  the  [OH]  or  of  the  [NH-],  by  other  radicals;  the 
reduction  of  toxicity  being  greatest  if  the  substitution  is  made  in  the  NHj. 

These  substituted  compounds  act  only  after  the  mother-substance  is 
liberated  from  them  in  the  body.  Their  action  is  therefore  more  gradual, 
less  violent,  and  more  easy  of  control. 

The  influence  of  the  substituted  radical  is  as  follovrs: 

The  reduction  of  toxicity  ts  greatest  U  the  substituted  radical  is  an  alkyl  (CnHiD 
+  I  or  COjCnHiii  +  i);  less  if  it  is  an  addyl  (COCnH,n  +  i).  K  several  H  atoms 
are  substituted,  the  toxicltv  will  he-.  }esA  if  both  an  acidyl  and  an  aUcyl  radical  are  iauo- 
duccd,  than  if  both  radicaU  be  of  the  same  Idnd. 

The  toxicity  and  the  therapeutic  qualities  both  diminish  with  the  sin 
of  the  introduced  radical.  The  most  useful  is  the  ethyl  (CsHa)  or  acetyl 
(CjHaO)  radical;  with  the  methyl  or  formyl  group,  the  toxic  action  is  too 
great;  with  larger  groups,  and  particularly  with  aromatic  groups,  the  com- 
pound becomes  so  resistant  that  the  therapeutic  action  is  reduced  almost 
to  nothing.  This  is  true  of  the  citrate  and  salicylate  radicals.  Such 
compounds  are  of  course  correspondingly  harmless. 

The  above  laws  must  be  modified  if  the  compound  is  doooroposcd  in  the  stomach 
with  liberation  of  the  mcither-subjtamre.  It  must  also  be  remembered  that  the  radicals 
must  be  introduced  into  the  ring  by  substitution;  the  mere  addition  of  add  radical, 
forminK  salts,  doc*  not  modify  the  properties  of  the  original  substance.  Therefore 
Anilin  ,\celate  (CiH»XHj-HCjHiOj)  preserves  the  orifiinal  toxic  action  of  anQto; 
whereas  this  is  greatly  weakened  in  Acctanilid  (C»lU-NH-CiHiOJ. 

The  substitution  of  an  H  by  I,  Br,  or  CI,  does  not  modify  the  aniipjTetic  or  loirir 
action  of  the  original  substance 

Absorption,  Fate  and  Excretion.^The  antipyretics  are  rapidly  ab- 
sorbed and  excreted.  Acctanilid,  acetphenetidin  and  their  derivatives 
are  mainly  oxidized  to  paramidophenol.  which  is  probably  the  form  in 
which  they  produce  their  actions.  This  is  excreted  in  the  tirine,  chiefly 
as  paired  compounds  with  sulphuric  and  glycuronic  acids.  This  gives  the 
"indophenol  reaction"  in  the  urine.  AntipjTin  is  eliminated  largely  un- 
changed by  the  urine  (Jonescu,  J906),  traces  also  by  the  sweat  (Tachau, 
1911),  and  sputum  (Hofbauer,  1915).  The  urine  quantity  is  generally 
decreased.  Occasionally  the  urine  is  blood  red,  and  green  in  retJecled 
light  (Pcnzoldt). 

The  antiseptic  actioa  of  the  antipyretics  i£  not  very  strong.  They  are,  however, 
someiimi.-s  u>cd  as  aotiseplic,  U5tringcnt,  and  kemoslaHc  dusitni  ptncdcrs  {.acctaBtUd; 
or  antipyrin  In  5  per  cent,  sterilized  solution).  They  are  lc»s  poisonous  and  lem  irriuil* 
ing  than  Jodufonm;  although  toxic  effects  hAve  been  reported  from  the  api^fcalkMi  of 
acetanihd  to  wounds. 

t^iuocylosis. — It  h.-!".  been  believed  that  this  is  produced  by  ant ipv relics;  but  Gehrig 
]gi$,  luund  no  cficct.  The  migration  of  leucocytes  from  the  inflamed  mesentery  of 
frogs  is  inhibited  by  antipyrin  (Ikeda,  1916). 

Antipyretic  Action  and  Effects  on  Metabolism. — These  were  described 

on  page  456. 

Antipyretic  Dosage. — On  account  of  the  possibility  of  a  direct  collapse 
action  if  the  dose  is  relatively  large,  the  antipyretics  must  be  adminislcjed 
with  care. 
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In  gencnl,  it  may  be  sakl  that,  from  ibc  smallest  effective doK  (0.3  Gm.  (or  ftcetacUid. 
O.J  too.7  Gm.  forantipyrmorphcnacelln),  the  extcat  of  the  antipyretic  action  increases 
with  the  dose  oi  the  drug,  until  the  normal  temperature  has  been  reached.  Up  to  this 
poiot  there  is  practically  no  danger  of  n  direct  coliap^  action.  But  if  (he  dose  necessary 
to  Mcare  this  result  be  ei^cdcd,  the  toxic  effects  vill  set  in. 

Tke  average  antipyretic  dose  may  be  stated   as  0.5  Gm.    (7  gr.)  of 

antanilid;  o.S  Gm.  (to  gr.)  of  phenacetin;  1.2  Gm.  (20  gr.)  of  antipyrin. 

3a  beginning  the  treatment,  this  dose  has  to  he  repeated  once  or  twice, 

with  an  hour's  inten-a!^  until  the  desired  fall  i*  secured.     After  this,  the 

single  dose  is  repeated  whenever  the  temperature  begins  to  rise-     Four  or 

fiv-e  doses  are  required  per  day  to  keep  the  patient  practically  fever-free 

The  action  does  not  persist  after  the  drug  is  excreted.    With  single  doses 

the  anttpirTctic  effect  reaches  its  maximum  in  about  two  hours,  and  then 

declines  gradually,  so  that  the  febrile  level  is  practically  restored  in  eight 

faours  (Gottlieb,  1890).     Consequently  the  administration  must  be  con- 

tixiuous,  in  the  manner  indicated.     Those  antipyretics  which  are  rapidly 

otcreled  (as  is  phenocoll)  are  therefore  less  useful. 

In  regard  to  details,  and  in  determining  the  cJiotce  of  the  particular 
mAstance  to  be  used,  experience  is  the  best  guide.  The  same  holds  here 
«5  in  other  cases:  Very  much  more  can  be  accomplished  by  any  one 
dr\*g  that  is  thoroughly  understood  by  the  user,  than  can  be  done  with  a 
nurnber  of  drugs  with  which  he  has  had  only  limited  experience. 

^•■tures  Desired  in  on  Antipyretic. — The  ideal  antipyretic  must  be  reliable  in  secur- 
B<  a  bU  of  febrile  temperature.  This  fall  must  he  prompt,  hut  not  too  abrupt;  it  must 
br  Idling;  ukI  when  Lne  elTcct  paMea  off,  the  temperature  must  not  rise  too  suddenly. 
"^^  aoa^^esk  effect  should  be  strong.  The  drug  should  not  be  decomposed  in  the 
OM^adi  (or  by  0.3  per  cent.  HCI).  The  loxic  dose  should  be  considerably  higher  than 
uB  ^enpcutic  dose.  In  the  latter,  the  drug  must  not  of  itself  cause  collapse  condi- 
"■nA,  nor  methemoglobinemia,  nor  profuse  sweating,  nor  skin  erupUooK.  It  should  not 
w^^c  a  bad  taste,  nor  should  it  irritate  the  stomach.  If  it  is  lo  be  used  bjpodcrniically, 
"  ^aij»t  be  iotuhlc  in  water;  otherwise  great  solubility  is  of  no  advantage. 

_Of  the  compounds  which  have  been  pronoseil  su  far,  Para-acetpbenetldin  (Phena- 
**^»^.)  wcmb  to  fulhl  these  demands  most  satisfactorily. 

■Analgesic  Action. — Like  quinin  and  the  salicylates,  all  the  anti- 
Pyx^dics  have  an  analgesic  effect  against  neuralgic  and  muscular  pains, 
*a.clachea,  migraine,  colds,  rheumatic  conditions,  etc.;  but  are  ineffec- 
Ij^e  against  other  forms  of  pain,  such  as  trauma.  The  mechanism  of 
J^e  analgesic  action  is  obscure.  It  has  been  suggested  that  ii  consists  in 
™*-«3gcs  of  the  meningeal  vessels.  There  is  little  jf  any  evidence  of  true 
owcrosis;  nor  do  the  antipyretics  reinforce  the  action  of  the  ordinarv*  nar- 
•^^o  to  a  marked  degree  (Lomonosoflf.  191 1). 

The  analgesic  action  Is  extensively  used.  Small  doses  (acelanilid, 
^}  dm.,  3  gr.;acetphenetidin,  0.3  Gm.,  5gr.)  may  be  repeated  a  few  times 
^W  three-hour  intervals,  if  necessar}'.  If  these  small  doses  fail  to  give 
'^^^l,  larger  doses  are  usually  also  ineffective. 

^~ht  aaalf;esln  has  been  iavrstigatrd  in  mnii  bv  Murlin,  Grace  and  McGuire,  1915. 
^^^y    found   that  o.j  to  i  Gm.  of  acctpbcnctldin  distinctly  raises  the  threshold  of 

X^^Kvprietary  Headache  Powders. — ^Thcse  usually  contain  from  50  to  70  per  cent. 

'*.**^«tinilii|  nr  arttphcnttiiiin  ( RciK>rt  C.P.C,  J.A.M„\.,  1905,  44:1791),   generally 

■J*«^  with  caftcin,  salicylaics,  bromid*,  .immonium  carbonate  or  sodium  bicarbonate. 

^*^  ogctn.  imlicylatc  and  bromid  would  reinforce  the  analgesic  action.    The  alkalies 

^«r«  atniposed  to  incteast-  the  solubility,  but  do  not  do  so  (Puckncr.  190*1).     It  was  also 

n*      ''''*  *''  these  drugs  diminish  the  toxicity,  but  this  is  contradicted  by  the 

■™l*ble  eWiIemc  ('Hftlc).    The  indiwrriminstc  use  of  the  powders  by  the  laity  has 

Mpotcdly  produced  acute  and  chronic  poisoning.     Authoritative  statistics  of  Um 

V*  pnienled  in  the  rqwrt  of  Kcblcr,  Morsan  and  Rupp,  1909. 
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Chronic  Poisoning.— The  continued  use  of  ac«Unilid  ("hea4ache-powden")  has 
occasionally  caused  the  development  of  a  drug  hatul,  with  craving  and  v-ithdrawil 
lymptoms.  An  iDdividual  prcdUposttion  appears  to  be  dcccssbtjt,  for  the  condition  is 
idatively  rare;  but  ic  should  be  guarded  agamst  in  the  administratJon  of  the  drug.  The 
symptoms  of  chronic  acetanilidf  poisoning  consist  in  tnctiiemoglobincinia  (chocolate- 
colored  blood)  with  the  histologic  blood  changes  of  pernicious  anemia;  marlied  leucocy- 
tosh;  cyanou»;  cardiac  weakness;  progressive  mental  and  ph>iical  debility.  Metlie- 
moglobm  may  also  appear  in  the  unne.     (1).  H.  Stewart,  1905.) 

DiabetM  Insipidus. — Benetictal  results  have  been  claimd  for  the  &nUpyTCtics,/Xt 
by  Hirschfcld,  1904.    They  require  coniirmation. 

Side  Actions. — Undesirable  effects  are  rather  common,  especi&Ily 
when  antipyretic  doses  are  used.  Some  of  these  are  the  indirect  results 
of  the  heat  regulation— sweating  and  chills,  indirect  collapse;  some  are 
due  to  irritation — gastric  disturbances,  skin  eruptions,  renal  irritation; 
others  to  the  direct  sj-stemic  actions  of  the  drugs — cinchonism,  cyanosis 
true  collapse.  The  susceptibility  to  th,em  varies  greatly  in  different 
indiWduals. 

The  literature  of  the  ^de  actions  is  given  by  Scifert,  Nebcnwirk.,  19I5:  AcetanlEili 
page  2;  Anupyria,  page  4;  Acetphcnctidin,  page  a6. 

The  sveatinj!  is  dU'C  to  the  incnra-sg^l  circulation  through  the  skin,  and  ts  produced 
In  the  same  manner,  and  has  ther  same  ^igni firance,  as  the  critical  sweat  of  fever.  It 
must  he  looked  upon  as  bencfidal  rather  than  otherwise,  since  it  aids  the  reduction  of 
temper.-! lure.  But  should  it  become  too  troublesome,  it  can  be  supprettcd  by  small 
doses  of  atropin. 

The  culaneous  hyperemia  is  perhaps  also  responsible  for  the  skin  erupfions.  TTay 
are  particularly  frequent  after  antip.vnn. 

The  tendency  to  this  eruption,  as  also  to  a  domatiiis  which  is  often  seen,  incnsaes 
with  the  repeated  use  of  the  drug. 

Pftcnylfiydrasin  produces  very  similar  local  actions  on  the  skin  [eczema  crylheoft- 
tusum  and  papulusum)  und  on  the  alimentary  canal  Cgastroenteritis). 

The  chills  occur  when  tlie  temperature  begins  to  rise  again,  and  arc  due  to  a  dirain' 
iahed  circulation  through  the  skin,  just  as  the  chills  of  malaria.  They  are  not  therefore 
to  be  attributetl  to  the  drugs,  but  are  rather  a  »gn  that  the  action  of  the  antipyretic 
has  worn  off. 

Gasirk  iymptoms  are  due  to  local  irritation,  but  are  not  frequent.    Moat  o( 
drugs  have  a  sharp,  warm  or  bitter  taste. 

Rtnal  irfilaiioH,  varying  frum  xUght  diuresis  without  histologic  change,  to  vi< 
desquamative,  hemorrhagic,  parenchymatous  nephritis,  may  be  product  by  all  cod- 
tar  derivatives.     There  is  not,  however,  any  danger  ol  nephritic  lesions  from  ordinary 
doses  of  the  antipyretics.     Thallin  produces  a  peculiar  papillary  nephritis. 

Cinchonism  symploms  arc  rare,  but  have  been  reported.  The  cyanosis  is  due  to  the 
methcRKtglobineniia, 

Lcdo^heniH  produces  itJerus  in  over  half  of  the  patients,  ofually  on  the  ninth  to 
twelfth  day  of  its  use.  There  is  no  relation  to  dose.  It  appears  to  ne  harmless,  and 
is  prub;ibly  of  the  retention  type  rather  than  hemoiytic  (Uanssen,  1Q16). 

Methemoglobin  Cyanosis. — .Ml  drugs  of  the  coal-tar  series  act  more 
or  less  upon  the  blood,  inside  of  the  body,  producing  methemoglobin,  and 
in  larger  doses  causing  a  disintegration  of  the  corpuscles.  This  action  is 
much  more  pronounced  in  the  mother-substances — anilin,phenylhydraziii, 
etc.— and  iu  the  antiseptic  group  it  is  stronger  with  acetanilid  tlian  with 
the  other  antipyretics.  It  leads  to  a  peculiar  cyanosis,  and  contributes 
to  the  collapse. 

The  methemoglobin  formation  proceeds  much  more  weakly  in  shed  blood  than  il 
does  in  the  body.  The  relation  of  the  methemoglobin  formation  to  the  chcmic  constl- 
lution  of  benxol  derivatives  bas  been  investigated  by  W.  Heubner,  1913. 

Collapse  Action. — Excessive,  and  sumclimes  therapeutic  doses,  pro- 
duce serious  collapse,  with  weak  and  irregular  pulse,  dyapncic  or  shallow 
respiration,  pale  or  cyanotic  akin,  cold  sweat,  disturbed  consciousness, 
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subnormal  temperature,  and  death  by  circulatory  failure.  This  coUapse 
is  sometimes  a  direct  effect  of  the  drugs  (cardiac  and  vasomotor  depres- 
sion); in  other  cases  it  is  due  to  the  reduction  of  the  febrile  temperature, 
''linmasking"  a  preexisting  febrile  collapse.  Circulatory  failure  is  a 
fre<:jucnt  feature  of  fevers.  It  may  be  partly  masked  by  the  stimulant 
effects  of  high  temperature,  and  will  then  reveal  itself  when  the  normal 
tcziErkpcrature  is  restored,  whether  by  antipyretic  drugs  or  by  baths.  Cau- 
tion ii  therefore  necessary  in  the  use  of  all  antipyretic  measures  in  asthenic 
frxr^rs.     Menstruation  also  favors  the  development  of  collapse 

Of  the  more  usual  antipyretics,  acetanilid  produces  probably  the 
strongest  direct  collapse  effects;  then  come  antipyrin  and  then  phenacetin. 

THw  ooIUpM  action  is  strongnc  ia  the  molhcr  substances — anilin,  quiaoUn.  pheoe- 
biKia-i.  pbcaylhydraziQ,  and  cmrbolic  add,  and  KcDcraliy  in  the  mcmbcra  of  the  antj- 
*tt>t^  JH'oup;  so  stroQf;, indeed,  that  the  action  of  these  can  not  be  controlled,  and  they 
uc   lieoce  uoBt  for  internal  administratioo. 

The  trefttment  of  poisoning  by  overdoses  of  the  antipyretics  is  the  same 
u   C^or  coUapse  from  other  causes — stimulants,  heat,  etc.  (see  Aconite). 

CirctiUtion.— The  general  circulation  is  but  Utile  affcctcdjjy  ordinary 
*»js«s.  They  will  slow  the  heart  indirectly  by  reducing  the  temperature; 
I^lIs.  has  probably  sometimes  been  mi^terpretcd  as  cardiac  depression. 

'l"he  cmtanarMJ  vesjeis  arc  dilated:  the  tn'racrania/ t«»e/j,  after  a  short  dilation,  shov 
'  ™»<sre  persistent  coastrictinn,  Mrallar  to  caffein  or  alcohol  (E.  Weber,  1909).  Bcresia, 
'^zO,  reporu  diktioo  in  nibbiu  ud  n&h.  Hirschfelder,  1915,  detcribci  dilation  of  the 
^_  mnd  retinal  vessds,  rrom  acetanilid,  antipyrin,  amy)  nitrite,  cafTein  and  alcohol, 
■^■i*  tends  to  nise  intraocular  pressure,  cnjcinuu  caution  in  glaucoma  (Weaaely,  1915). 
J,  ^Wllh  toxic  dotet,  the  heart  is  first  accrfcralcu,  and  later  stowed.  This  b  due  to 
■f*tj,  action  upon  the  heart  musdc.  Strips  of  terrapin's  ventikle  are  slowed  and 
•""•imted  by  acetaoUid  (Carr,  1910). 

-»">e  fftuoawfar  Mmter  a  not  ailccted  by  moderate  doses  ^witb  the  exception  of  the 
^  *-  coatroUing  the  cnuoeous  vc&sels.  In  consequence,  the  blood  pretsart  depends 
*'*^^7  itpoa  the  «-«r«|iy  iction,  being  at  &rsl  increaMd  and  later  diminished.  In  dotes 
H'^d.Bciag  ctdlapse  then  is  paialysis  of  the  vasomotor  system,  and  conocquenl  fall  of 

shows  a  somewhat  iorreased  efficiency  on  direct  stimulatJoo,  and  a 
corare  actioB. 

P&EPAftATiONS — AATIPya^nC  GROITP 

dMy  the  most  ia|K)Vtaat  preparations  are  ^rco:  others  may  be  found  In  N.>t.R. 

'^^fdMdiAw  (AotaniL;,  L'.S.P.,  B.P.  (.4fi/i/«6rra,  Phenylaoetamid,  eU.),C  JUNU  • 
|^«C!0. — H'Utc  cp-staUine  pcwiler;  odorless;  vann  tasU.  Slighlly  soL  In  vater 
'^^^  So),  fredy  soL  tn  sk.  (t:i-<)  or^ycciio  (1:5).  liquefies  with  chloral  or  antipyrin. 
^f*^.  o.>  Gm-,  3  P-*  U3.r.:  o.ii  to  o.j  Gm.,  1  to  s  sr->  B.P.;  tn  powders  or  capwles. 

^^ta^hmnHimmm  iAcHahm.),  VSF.;  Phauaim^m  (Pbcauct.),  B.P.  (Para- 
J2^-«fenct)dia),  C41«(OC>Ut)XU<:U.CO.— White  cryfUlSne  pMvder  or  scales, 
I'r'^KiBs  and  iwauly  tnrtctrafc  Vety  sfighlly  soL  in  water  (t:  1310);  toL  in  ale  (1: 15). 
~t**tt&ca  «ith  cUoral  or  aol^iyTia.  Diat,  0,3  Gm.,  5  ^^  U.S.P.;  0.3  10  1  Got.,  5  to  15 
**^  ^^Jf-',  hi  powdm  or  cicaufcrs,     Mtstrntrnm  iou^  i  iiia-,  it  gr. 

._.^Bfi«wiM  (ABtipgrE.\  U.SJ*.;  PkeuMimmt.  &.P.  (Pbcnyldiaethyl^yTUolaii), 
«>f^6l^,<:4U.— WUte  cmt^Eae  powder;  aJaoM  odorless;  sfigfUy  Uuer 
ol*^^  Very  soL  ia  vaicr  (1:1),  freely  aoL  u  ale  (1:1.5).  immmpttibU  vkfc  aUAm 
r^  <A«cheT.Nitraa.>,  with  taaaia^aMwilkBuicxafooCcaloMd  and  •wfiiiabkaftKHMI* 
j^f^keifiate  UodLC&iag;  J-VM-A.,  S6;3S;J.    Ligfaciies  with  sodfaa  iificyUu,  etc 


Gtn..  s  gr>.  U.S1P.;  o.j  to  1  Gau,  ; 


!***"»  Ski  GoL..  s  gr~>  liJ5^.;  o.j  to  1  Gk.,  5  to  15  gr*.  B.P.;  in  aohilfcia,  powden  ar 
''^^ales.    limJmmm  iMt,  t  Gm.,  it  gr. 
-•'i/aiiiii,  NAJL— This  b  aosoucr  pymolod  daivalJvc.  iaUwWwJ  aa  ■— Ipwir. 
^~*»  I  Co  j  Gm.     la  rfaeamatk  lever,  luhB,  1913,  oscs  it  Islrwraoodty,  5  ex.  of  50 
P-.   ^e»L  adstsoa.  thrre  tines  daily.     Kieddr  1913.  prcfcn  tBliaa«KBlar  or  b7po> 


*^^^  i  Ga.  is  s«  per  oeM.  satmia^  two  or  three  tines  daiy.    SUe  actiaaa,  nmftar 
^Amiffji|ji<Sdfert 


(Sdfcrt,  XcImbw.,  1915,  p.  32). 
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ANTISEPTIC  BENZOL  DERIVATIVES 

General  Statement.— These  differ  from  Uie  antipyretic  derivatives 
mainly  by  greater  toxicity.  On  local  contact  they  coagulate  proteins, 
thus  determining  the  death  of  cells,  resulting  in  irritation  and  inflamma- 
tory changes,  and  in  antiseptic  effects.  After  absorption  they  produce 
some  excitement  and  more  pronounced  depression  of  the  central  nor\ous 
system.  Many  alter  the  blood  pigment  to  methemoglobin.  Their  effects 
arc  similar  m  principle,  but  differ  in  imiwrtant  details.  The  high  toxicity 
is  due  to  various  side-chaius,  such  as  the  hydroxyl  and  carboxyl  groups, 
by  which  they  can  react  with  protoplasm. 

Historical. — Id  the  form  of  the  natural  mixtures,  the  antiseptic  properties  of  tlus 
group  h.ive  long  brcn  known  empirically,  as  in  the  jimc^ng  of  meat.  One  uf  the 
methods  of  embalming  practiced  by  the  EK>-ptianB  utilized  largely  bal&anu  iind  pnxlucU 
rich  in  essential  oils— Ini;  latter  beinR  very  closely  related  to  the  aromatic  series.  The 
isolated  sub^itancrs,  however,  bclons  to  the  arhieverientft  of  Xhe.  nineteenth  rentury. 
Creosote  was  first  mafic  in  1S32.  phenol  in  1S34;  but  almost  thirty  years  elapsed  bdore 
they  were  liseil  in  siirnerj-. 

Influence  of  Structure  on  Action. — Benzol,  C«Hi,  the  mother  substjuice  of  the  coal* 

tar  seric-.,  has  a  low  toxicity,  because  it  can  not  react  with  protop)xi»m.     Tlii*  capai'ily 

is  given  to  it  by  replacing  part  of  the  H^atoms  by  other  grouM,  especially  by  OH  ifornj- 

ing  phenols)  or  by  COjH  (forming  aciils);  or  liy  both.    Tlie  Off  ra^irat  is  the  most 

active,  the  antiseptic  and  toxic  actions  incrcasmR  with  the  tiumbrr  of  Oil  groupi  [i.e.f 

progres»ivdyfroraphcnoi.C»HtOI[.  torcsart-in,C»Ki(OH)i,  undpyrojtallol.  CtHj,OH)0, 

Dut  it  is  also  influenced  by  the  position;  Ihiis,  phlorogludn,  the  is<^mcr  of  pyroK'illoI, 

is  not  active.    The  introduction  of  the  COiH  iroHf>  alone  {i.e.,  l>cnzoic  acid.  CiHt-COiK), 

does  not  render  the  subistance  ver>'  active.     The  iDtroduction  of  both  OH  and  COiH  in 

OH 
the  ortho-position'  (i.e.,  salicyUc  acid,  C«H4<y^Q  „)  raultt  in  a  compound  whirh  is 

'  When    the    tubititutioD    occun    in  the  poaitiott  1.3.  the  ortho-oompoond  reattlti; 
I :  i  givcc  the  mettfcumpDund;  and  1 : 4  Um  psra-compouiMl. 


less  toxic  and  less  antiseptic  than  phenol,  but  which  has  peculiar  antirheumatic  pn>pci' 
tics.  The  antiseptic  quality  may  also  lie  brought  out  by  ntker  txctdyl  groups  (COCH», 
etc.),  the  acti\-it3,*  being  proportional  to  the  size  o(  the  introduced  molecule.  NOi  also 
develops  tlie  antiseptic  action,  liiit  adds  itti  own  toxicity  to  that  of  the  phcniils.     The 

substitution  of  an  H  of  the  C«Ht  in  phenol  by  alkyh  (crcsols,  C«H«<pjj  )  leads  to  an 

Increase  of  the  antiseptic  power,  and  diminishes  at  the  same  time  the  toxicity  to  tiuues. 
Higher  Homohgues  introduce  no  important  moditicatioiis.  The  union  of  two  pbenob 
directly  or  by  CH,,  etc.,  increases  the  antiseptic  action,  hut  if  united  by  CO  or  SOj,  U 
i.s  diminLshcd.  The  TubstUuHon  of  kaiogenx  mcrcases  the  antiMrplic  ftction,  scconfiag 
to  the  number  of  atoms.  The  toxicity  i^  diminished  by  the  lower,  increased  by  l)l« 
higher  numbers  (Bechhold  and  Mhrlich,  1906). 

The  t^ruup  which  gives  tlic  valuable  antiseptic,  but  oIhi  the  undesirable  tonic  awl 
caustic,  quahlies  to  these  compounds,  is  the  OH. 

The  %-iolence  of  its  aciian  may  br  modtnUtd,  as  in  the  saUc>-lic  add,  or  in  the  crcsob; 
or  it  may  be  masked  by  replacinK  its  H  by  other  radicals  (llie  "  Xentki's  saIoI  urindtlle"). 
These  enters  (c.(.,  salol,  C»n«-(>II-COjr«'Hi)  will  develop  their  action  when  dccotnposKt 
into  their  phenol.  Combinations  which  are  so  firm  as  to  prevent  this  liberation  {i-i-, 
the  sulpho-carbolatesi  are  ncitlwr  antiseptic  nor  toxic:  in  fan,  it  is  by  the  formation  erf 
such  comfwunds  that  the  organism  protects  itself  agaitist  these  poisons. 

The  antiseptic  and  locul  actions  of  llie  salicylates  or  other  taiu  are  ateo  moch 
Ie*t  than  those  of  the  corresi>rindinK  aiids. 

Fate  of  the  Benzol  Derivatives  in  the  Body. — The  six-carbon  ring  is 
relatively  resistant  to  deix>m portion,  and  for  the  most  part  passes  through 
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tJ-».c  body  unbroken,  allhough  a  little  is  burned.  The  hydrogen  atoms 
a.  wmA  side-chains  undergo  more  or  less  oxidation,  resulting  in  new  hydroxyl 
II  a.  w~»~A  carboxyl  groups  (phenols  and  acids)  in  considerable  variety.  These 
[  a-js:g'ain  enter  combinations  before  being  excreted  by  the  urine;  the  phenols 
I  fcr*  XTiiing  esters,  chiefly  with  sulphuric  acid  (Baumann  and  Herter,  1876; 
(^ _  Neubauer.  iqoi);  and  to  a  lesser  extent  with  glycuronic  acid.  The 
^a«r«Draatic  acids  combine  with  glycocoll  to  form  hippuric  acid,  etc. 

JIP  Tia  formation  of  the  o&lers  is  generally  proportional  to  the  toxicity  of  the  phenols 

^Tfe—  _t"raenkel).  Since  the  esters  are  much  less  toxic  than  the  phenols,  it  constitutes 
i^b  smpoituDt  protection  of  the  organism  against  poisoninsfcspecially  against  the  pheaots 
ir~S.^siD|;  in  iutest'inal  putrefarlion.  The  normal  phenol  encretion  (largely  pa racresol) 
le-j^^fc^b  to  var>'dircctJy  with  the  protein  intake  (Folin  and  Dftnis,  1015).  In  phenol  poi- 
">••»"*  rag,  the  urine  becomes  poor  in  free  and  rith  in  ethereal  sulphates,  and  has  a  smoky 
w*^^3f,  especially  on  slanclinp,  from  the  oxidation  of  the  hydroquinon,  pyrocatechin,  etc- 
^^^^  jlycuronic  compounds  may  be  mistaken  for  sugar,  since  they  reduce  copper,  al- 
t'*^^*' iijjh  more  slowly, 

Glrcuronk  Adi— Thii  CDrresponds  to  dextrose,  with  the  end-chain  (CHjOH) 
o^^a^Jiied  to  (COOH).  It  is  probably  an  intermHiate  stage  in  the  oxidation  of  glucose, 
f*^^  very  little  can  be  formed  in  glycogen-poor  animals  (IJakln).  (ilycuronic  acid  is 
pf'^^ habiy  not  a  normal  staRC  of  carbohydrate  nietabolistn;  for  if  il  is  administered 
P^L^K'«ntera!ly,  it  appears  almost  quantitatively  unchanged  in  the  urine  (Iliberfeld, 
•*  *:  4;.  It  i»  never  cxcrclcd  free,  IJut  always  in  combinatlun  with  aromatic  alcohols, 
P^^»- «?-nnli,  ketones  and  acids,  llaemaclacincn,  n>»3i  supp^'^'fs  that  the  alcohols  first 
<t»xrx3bine  with  glucose,  and  that  this  glucosid  is  then  oxidized  to  the  Kb'curonatc. 

The  nrinciual  drugs  whkk  came  the  appraranft  cf  Glycuronic  add  in  the  urine  are; 
T*»  »T»entInc,  chloroform,  chloral,  camphor,  phenacetin,  saccharin,  .salicylic  acid,  bal- 
*^*:»3s.  morphin;  and  others  are  enumerated  by  S.  Fraenkel,  3rd.  cd.,  p.  194. 

Tlie  Htppuric  Acid  Formation. — This- occurs  in  some  animals  exclusively  in  the 
^■«^  ^aieys;  in  some  it  may  al&o  be  found  in  other  orcans.  Dogs,  for  instance,  synthetizc 
" ^^^^fc-Xuric  acid  even  after  excision  of  their  kidneys  (Kin>;sbury,  1915). 

The  place  of  formation  of  the  ethereal  sulphates  is  not  known,  but  It  has  been  shown 
^     "(De  iodependent  of  the  liver  (Lade,  1913). 
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Benzol,  C«H«,  has  come  into  some  prominence  for  the  treatment  o£ 
*^*-».kemia.  It  often  causes  temporary*  improvement,  but  is  rather  unre- 
|i^»-V>lc  and  sometimes  dangerous.  Industrial  acute  and  chronic  poisoning 
^  silso  common,  from  its  use  in  the  arts  (as  solvent  for  rubber).  It  is 
sc>  xucwhat  antiseptic. 


Acute  Benzol  Poisoning. — Fairly  large  doses  of  betizol  tire  tolerated  by  mouth; 
9  V^o  12  Om.  have  caused  serious  collapse  (Perrin,  1861;  Avenll,  iSSq).  The  acuta 
*y'x»Tptoms  are  restlosncta,  excitement,  high  rise  of  temperature,  narcosis,  and  dcath^ 
"y  paralysis  of  respiration.  Sublethal  doses  are  followed  hy  good  recovery.  The 
**^ljnical  article  is  somewhat  more  toxic  than  the  pure  (l^ehmann,  iQii). 

Distribution  of  Benzol  after  Poisoning.— The  brain  and  spinal  cord  contain  more  . 
*«-a-n  other  organs  (JoachimoglUj  191^}. 

Benzol  Vi^wr.— This  causes  intoxication  by  absorption  through  the  lungs.  Dflute 
^*I>«s  produce  hcailache.  vertigo.  nta.tia,  twilciiiiiK^,  convulsions  and  tuma.  Fuehner, 
'9  a  3.  finds  benzol  about  as  narcotic  as  chloroform.  Concentrated  vapor  is  markedly 
'■^**c,»ometimc?i  producing  acute  death.  There  arc  no  characteristic  anatomic  lesions, 
f^Oqrtthal  the  blood  remains  fluid  tor  a  long  time;  there  are  often  small  hemorrhages 
^^.various  organs.  Patients  who  recover  sometimes  develop  skin  changes  (Lcwin,  n>o7; 
"*>W,  ton;  HefTter,  1915).  The  entire  symptoms  are  produced,  also  on  ammals,  by 
pvrt  If  well  as  impure  benzol. 

Onnic  Poisoning  hy  Fo^of.^This  causes  hemorrhages  (purpura),  leucopenia, 
••I^Bli,  tod  finally  death  under  high  (ever  (Santcsion,  1897;  Selling,  1912).  These 
^'(ts lie  attributed  to  destruction  of  leucocytes  in  the  circulating  blood,  and  to  damage 
Jjtlie  boQc-maiTow,  lymph  glands,  spleen,  and  the  whole  hematopcctic  system.  The 
lonaiioa  of  blood  platelets  is  first  stimulated,  then  depressed  (Duke,  iQi3)< 
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Blood  Changes  in  Aninuds.— Subcutaneous  injections  of  benzol  (2  to  40  ex.)  u 
rabbils  or  dags  praduiv  dtrath  in  Ihrre  to  twenty  days,  with  marked  destructive 
io  the  hcTnatopcetic  orgiins,  cspcciaJly  the  myeloid  tissue.    There  is  a  coi 
dlmiaulioii  uf  l)>e  IcucucyU-^i  and  bluud  ulalelet».     With  large  doses,  the  platdeti 
apreliminary  increase  in  rabbits,  not  in  doE«  (Duke,  1915).     There  is  little  chjinge  in  thi 
red  cells  (Neumann,  1915).    The  prothrombin  is  ulso  decreased  (Hurvritzand  Drinks 
1915).     The  pracluction  oE  antibodies  is  diminished  (Hektoen,  1916).    The 
vary  quantitativclj-  in  different  individuals  (v.  Neumann,  1915). 

use  in  Leukemia. — The  d«.truclive  action  of  benzol  on  leucocytc«i  led  to  its  Intro 

duction  by  v.  Koran>i.  IQ12.     Numerous  reporters  (Kiralv-fi,  1913;  Stein,  1913;  Stcm_ 
iQij;  Billings,  1913;  Morawitz,  I()i4;  Hahn,  1914.  etc.)  nave  dewribed  more  or 
favorable,  but  rather  incon^lant  results.     The  changes  are  noticed  only  after  contin 
ad  mi  niiit  ration,  often  requiring  some  weeks.    The  leucocyte  lount  falls,  more  pi 
f  oundly  and  pcnustently  than  with  arsenic,  but  never  to  normal,  a*  in  X-ray  trcatmeni- 
Tbe  general  condition  is  also  improved.     The  best  results  arc  obtained  when  benzo' 
IS  preceded  by  or  continued  witn  ray-treatment.     In  a  considerable  number  of  cases 
especially  the  advanced,  the  benzol  is  unsuccetisful.     In  others,  toidc  effects  supcn-oie. 

Mechanism  of  Action. — Urinar>'  chanf;cs  indicate  metabolic  disturbances:  m 
tif  nmlriil  Milphur;  ditrcasc  uf  Urea  t  N,  slight  iiKTcnse  of  ammonia,  in  most 
albuminuria  (Sohn,  iqij).  The  uric  acid  is  not  increased,  and  this  speaks  afc^ns' 
destructiun  of  leucocytes.  Pappenheim.  191^,  believes  the  decrease  to  be  only  ajiparenu 
assertini;  that  the  leucocytes  accumulate  in  the  dilated  capillaries  of  the  liver  and  otbc- 
internal  organs.  He  found  marked  hepatic  and  renal  lesions  in  rabbits  after  rcpcatew 
large  doaes.  Ouke,  tc}i5,  attributes  the  platelet  changes  to  irritant,  then  tosic  acttoc 
on  the  bone-marrow. 

Toxic  Effects. — Ordinary  doses  cause  enictiktior»,  but  the  appetite  is  not  distur' 
There  may  be  some  dizziness,  sometime*  bronchitis,     OccasionaUy,  late  symptoms  c 
chronic  benzol  poisoning  develop,  whicli  may  be  fatal  (Neumann,  IQ13;  Klempcrcr  an 
Ilirschfcld).     It  ;s  therefore  advised  to  discontinue  the  benzol  as  soon  as  the  leucocy 
start  to  decline  (Kiralvfi,   1913);  or  at  lea^^t  when  tbcy  have  fallen  to  iO,ooo.     Live 
kidnev  and  intestinal  disturbances  conlraindic^lc  benzol  (Hahn,  1914). 

AomiiiistrEtion. —  Billings  uses  the  benzol  in  extemporaneous  capsules,  5  mini 
increasing  to  1  ^  Toinims.  after  meals  and  at  bedtime. 

Fate. — Benzol  is  partly  oxidized  in  the  body  to  phenol  ^15  to  30  per  cent.),  catccb*- 
and  quitiol  and  extTirled  as  phcnut-sulphulcs  (Baumann  and  Hcrter,  1877);  a  part 
completely  destroyed  to  muconic  acid  Qaflc,  1909},  and  a  considerable  portion  is 
crctcd  unchanged  by  the  lungs. 

PRKPARATIONS — BENZOL 

Bfttsmum,  B.P.;  Benzene  (Benzol);  C»Ht. — Not  to  be  confused  with  Ben*i»m- 
Ptirijicaium,  U.S.P.,  Bcnzln.     The  latter  is  Petroleum  Kthcr,  a  gaiolioe  fraction. 

TOLUOL 

Toluol,  C«HfCKi,  is  used  as  a  laboratory-  antiseptic,  especially  to  prcicr%*e  fermenu. 
Its  toxicity  is  low  (Baumann  and  Herter,  1877;  SchuHzen  and  Naunyn,  1867),  tt$ 
effects  and  (hose  of  xylol  are  similar  to  benzol  ^hmann,  1911). 


PHENOL 

Phenol  (carbolic  acid,  CjIUOH)  illustrates  the  characteristic  proper- 
lie*  of  the  series,  and  is  the  most  widely  known  and  used  of  these  anli- 
septics.  It  owes  this  popularity  to  its  being  the  pioneer  of  the  group, 
through  its  introduction  by  Lister,  1867.  Some  of  its  derivatives  ate 
superior,  at  Iea?t  for  special  purposes. 

Antiseptic  Action. — Phenol  is  a  general  protoplasmic  poison  and  a 
fairly  active  disinfectant,  although  not  nearly  as  powerful  as  mercuric 
chlorid,  or  even  as  the  cresois.  Il  precipitates  proteins,  but  the  combina- 
tion is  so  loose  that  it  readily  diffuses  further,  and  therefore  penetrates 
more  deeply  into  the  tissues  than  the  metallic  antiseptics;  and  its  action 
ifi  not  so  much  hindered  by  the  presence  of  organic  matter.     The  disim- 
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Jettant  power  varies  greatly  for  different  microftrganisms;  spores  are  es- 

pcdiUly  resistant.    Tubercle  bacilli  are  killed  by  exposure  to  5  per  cent. 

for  twenty-four  hours.     It  is  much  more  effective  as  an  antiseptic,  i.e.,  for 

checking  bacterial  growth;  J-2  to  i  per  cent,  suffices  for  this  purpose. 

These  arc  the  concentrations  used  on  the  body,  far  here  it  is  not  necessary 

to  kill  the  bacteria  if  only  their  development  is  effectively  prevented. 

These  solutions  do  not  ordinarily  injure  the  tissues. 

Antiseptic  Uses. — Five  per  cent,  solutions  arc  used  for  the  disinfection  of 
'tl^e  utensils,  instruments,  the  hands,  etc.  The  penetration  and  therefore 
Lbc  antiseptic  effidency  are  increased  by  the  addition  of  salL  "Crude 
CT^bolic  Acid,"  which  contains  the  more  active  cresols  and  is  cheaper,  is 
p>x-eferred  for  the  disinfection  of  excreta.  As  antiseptic  for  wounds  and 
rxa-wcous  membranes,  gargles,  lotions  or  injections  ^^  to  i  per  cent,  of 
f>fcfccnol  are  used.  A  drop  of  undiluted  phenol  is  useful  for  disinfecting 
a-x^d  cauterizing  small  wounds,  bites,  etc.  Injections  of  phenol  have  been 
t«T^cd  against  local  intlammaUona,  tubercular  bones  and  lymph  glands, 
lx=»ils.  erysipelas  (5  per  cent,  to  scarified  surface),  etc.  Lotions  are  used 
a.^  parasiticide  in  scabies,  sycosis,  pityriasis,  and  against  pediculosis 
capitis.  Inhalations  have  been  advocated  in  fetid  bronchitis  and  pul- 
^cx«lna^^■  gangrene. 

Solutions  in  Fatty  Oils. — In  these  phenol  is  not  antiseptic  (Koch,  1886), 
^*^?<rause  its  solubility  in  fats  is  so  much  greater  than  its  solubility  in  pro- 
'c»p)lasm  that  it  prevents  its  transference  to  the  bacteria  or  tissues. 
C^arbolated  Oil"  is  merely  a  mild  local  anesthetic  and  dermal  irritant, 
'is^ful  for  promoting  the  healing  of  small  wounds.  Alcohol  and  glycerin 
I13.X-C  a  similar  restraining  action.  The  solubility  in  petrolatum  is  very 
^fs^all,  so  that  the  U.S.P.  ointment  made  with  this  base  should  be  very 
"ct.ivcly  antiseptic  and  irritant. 

As  intestinal  antiseptic,  phenol  has  Uttle  value  hecause  of  its  prompt 
*^>^rption  and  marked  toxicity. 

SolobiUtyof  Pheool  in  Mineral  OUs.—H[clicr,  1914,  finds  that  t  paTtofcr>-stallizcd 
P^^iiol  (lUsvlvcsiD  8  to  9  parti  of  petroleum;  io  to  31  of  jjasoline;  3310  34  of  solid  pctro- 
''*»Am-,  45  lo  50of  liquid  netroUlum. 

,  X*henol  Injectioas  in  Tetanus. — These  have  been  iotroducctl  by  BaccelU.  Rather 
^"^«  doses  are  useii,  a  >  to  3  per  cent,  solution  being  injected  intravenously  or  h>T>o- 
''^■""Hiicilly  along  the  spine  every  two  or  three  hours,  the  daily  dose  starting  with  o.a 
*"  *^-s;  Um.,  and  increasing  rapidly  to  o.S  to  1.5  Gm.  of  absolute  phenol  in  divided  doses, 
*''^«:>rding  to  severity  (J.A.M.A.,  53:  2140,  1909).  No  bad  effects  have  been  reported, 
***i  it  is  s«id  to  cause  prompt  improvement  and  lo  lessen  the  mortalily,  even  in  severe 
2j*^ss  (Baccelli,  igii;  AmtoIi,  1913),  perhaps  by  its  analgefiic  and  antipjTctic  actions. 
'**^  treatment  has  not  been  tried  adequately  by  independt-nt  observers,  and  final  judg- 
Jf^**  I  (an  not  l»c  pas5«<l  on  it  (Dreyfu?,  1^14).  McClintock  and  Hutchmga,  1913,  state 
"^^t  ii  hof  only  a  limited  value,  as  a  simple  sedative. 
X-lclder,  1914.  nbtainett  negative  results  tn  rahus. 
,  ^edicelOBia  Capitis. — Whitlicld,  191J,  advises  soaking  the  scalp  in  a  2.5  per  cent. 
P*^t«jol  solution  for  ten  minutes  and  leaving  the  solution  on  the  hdr  for  an  hour. 

^thctioaa  00  Fenneots. — Phenol,  salicylic  acid,  and  other  coal-tar  antiseptics  have  a 
"'^rding  e(Tect  upon  ferment  aclian — especially  carbolic  and  salicylic  acid.  A  j  per 
^•^t.  solution  of  phenol  suffices  to  weaken  materially  the  action  of  most  ferments. 

Xocal  Actions. — Concentratc<l  phenol  applied  lo  the  skin  or  mucous 

™*mbranes  produces  prickling,  burning  and  pain,  tlicu  numbness  and 

"^estheaa,  wrinkling  and  softening  of  the  epidermis,  the  color  of  the 

ian  becoming  first  white,  then  red,  and  finally  brown.    There  is  no  direct 

cOrroaon,  but  a  local  necrosis.     A  <lry  scab  forms,  which  separates  without 

P^*-    Short  applications  of  weaker  solutions  determine  merely   some 
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wrinkling  and  blanching  of  the  epidermis  and  the  &en5or}- phenoin 
but  even  a  5  per  cent,  solution  of  the  acid  may  cause  necrosis,  e*{ 
when  applied  continuously  lo  the  extremities.     This  enjoins  caul 
the  use  of  carbolic  dressings. 

The  analgesic  cfTecL  of  dilute  phenol  solution  and  ointnients 
against  itching. 

Absorption. — Phenol  is  absorbed  from  all  mucous  mcmbrani 
wounds,  and  even  from  the  intact  skin.     In  the  intestinal  canal  its  abfi 
tion  is  at  first  very  rapid,  but  soon  becomes  almost  arrested,  apj 
by  interference  with  the  local  circulation  (Sollmann,  Hanzlik  and 
1910).     It  is  distributed  through  all  the  tissues. 

Fate  and  Excretion.— A  part  of  the  phenol  (^  to  2^)  is  coi 
burned  in  the  lK)dy  (Tauber,  1878;  Schaffer,  1878;  Jonge,  1897)^ 
remainder  is  excreted  in  the  urine,  largely  as  ethereal  sulphate 
glycuronales  of  phenol,  hydroquinon  and  pyrocatechin.  However," 
and  Denis,  1915,  find  that  30  lo  90  i>cr  cent,  of  the  urinary  phenol  ii 
conjugated.  The  oxidation  products  impart  the  smoky  color  tM 
urine.     A  trace  of  phenols  is  found  in  the  sweat  (Tachau).  1 

Central  Actions.^Vcry  small  doses  of  phenol,  as  of  all  the  coa! 
antiseptics,  produce  at  first  an  analgesic  and  antipyrdk  action,  Th 
so  6eeting,  and  passes  so  readily  into  the  graver  eflects,  that  it  can  no 
used  in  therapeutics.  This  preliminary  stage  is  followed  bv  morn 
nounced  symptoms  resembling  the  "toxic"  effects  of  salicyfatcs.  ■ 
gerous  doses  produce  prompt  collapse  and  coma.  Frogs  and  mami 
exhibit  characteristic  muscular  tremors,  twitchlngs  and  con>'ulai 
persisting  until  the  blood  pressure  falls  very  low.  These  arc  absent 
most  \'ery  faint  in  man  (Husemann,  1871). 
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Phenol  Convulsions. ^iSalkowski,  1873,  showed  that  these  are  k>aited  in 
cord  (divUinn  nf  sfiatic;  dcctpllalion).  Moritft,  1915,  also  found  that  the  coD 
occur  ia  rabbits  after  ablalion  of  the  hcRiisphcTCs.  Ua^lioni,  1900  aod  ipog,  b) 
melhods  explaliK-d  under  slrycluiin,  concludifs  that  the  canvubinns  depend  on  incn 
excitability  of  the  spinal  motor  cells.  Dinct  .ipplication  of  dilute  pnraol  miIuihn 
the  Mpmed  spinal  cord  produces  aucsliit-sia.  The  excitability  of  the  mclor  coH 
lowered  by  its  local  application  (Iliigliotii  and  Magnini,  igio),  without  coovut 
(Amantcn,  1913).  Muscle  and  nervf  Jiberr  arc  also  paralyzed  by  local  cootact 
stronj;  M>lution<i,  but  do  not  seem  to  suiter  if  the  drug  acts  systcmically. 

Phenol  docs  not  awaken  animals  from  chloral  sleep  (;\irila,  loy). 

SymptMns  io  Progs. —  Phenol  produces  surcesiively  local  reflex  initatjoii,  « 
stupor,  a  medullary  cry,  then  gradually  the  twitchins^  and  irre^lar  and  incadnun 
contractions.     The  rctltxes  are  preserved,  but  naturally  iQeflectivc  because  o(  " 
ference  and  interruptions  of  the  con^nilsions  (Baslloni). 

Circtilation.— Intravenous  injections  of  phenol,  even  with  small  dc 
cause  marked  fall  of  blood  pressure,  usually  with  rapid  recovery 
a  certain  dosage  is  exceeded.    The  fall  appears  to  be  both  care 
vasomotor.    When  phenol  is  given  by  stomach,  the  blood  pressure 
low  because  of  the  continuous  absorption  (Sollmann  and  Brown, 

Vasomotor  Center. — This  la  usually  depre^ised,  probably  directly.    This  may,  I 
ever,  be  modii'inl  by  imlirect  stimulation  throUKh  the  convulsions  or  Bcfacmla. 
center  may  therefore  be  siimutatccl:  or  a  period  of  stimulatiaa  may  precede  orJ 

the  dcprc^stoD  period  (I'ilchcr  and  Sollmann,  1915). 

Respiration,  Temperature  and  Collapse. — ^The  respiration 
slow  and  shallow,  and  finally  stops.    The  lemfKralure  falU. 
collapse  aflects  all  the  medullary  centers,  and  the  cardiac  muscle 
it  can  not,  of  course,  be  removed  by  artificial  respiration. 


ThU  conititute^  an  important  dtflcicncc  from  the  collapse  produced  by  the  drugs  of 
the  alculiol  series.  Another  (iiffcrcncc  consists  iti  the  fact  tJiat  with  the  anti5*ptic 
f^oup  the  sensihUity  to  pain  is  often  prtserred  far  into  the  tuUap^.  The  Itjcal  eflccts 
oi  ihe  phenol  play  do  important  part  ia  the  pnxluctioD  uf  the  collapse  (Sollmann  and 
firowD,  1 006}. 

Pfaeool  causes  aji  increase  of  secrrthni.  especially  of  saliva,  sweat,  and  tear?,  not  yet 

couDled  for. 


TOXICOLOGY 


J     Suicidal  poisoning  by  carbolic  acid  is  very  common,  particularly  in 

the  United  Slates.    Accidental  poisoning  is  also  common;  ii  may  result 

even  when  the  phenol  is  applied  to  the  intact  skin;  its  liberal  application 

to  open  surfaces  has  Ircqucntly  led  to  toxic  symptoms.    The  fatal  dose, 

^Jjy  mouth,  varies  between  S.5  and  ho  Gm.  (I^^win);  0.8  Gm.  has  been 

^kiven  thcrapeulicaUy  without  bad  uFFects.    The  toxicity  is  about  the  same 

^^>-  mouth  and  h\*podcrniicaUy  (Hale,  1913). 

The  course  of  carbolic  acid  poisoning  is  very  rapid.  In  almost  all 
fatal  cases  death  ensues  inside  of  twenty-four  hours. 

Sjnnptoms.— The  local  symptoms  consist  in  burning  of  the  mouth 
and  throat,  nausea  and  vomiting,  abdominal  pain.  The  carbolic  bums 
generally  heal  promptly,  with  small  tendency  to  scar  formation. 

The  systeniic  symptoms  are  those  of  a  very  speedy  collapse,  starting  in 
a  few  minutes,  even  when  the  drug  is  taken  by  mouth.  It  is  manifested 
by  faintncss  and  muscular  weakness;  rarely  twitching  and  convulsions; 
pulse  smallf  weak,  and  slow;  face  livid;  cold  sweat;  respiration  slow  and 
shallow;  unconsciousness;  coma;  death  by  stoppage  of  respiration. 

The  uritte  is  scanty  and  often  contains  albumin  and  casts,  sometimes 
hemoglobin  or  bile  pigments.  It  has  a  dark  smoky  color,  due  to  phenol 
compounds,  and  gives  Utile  or  no  sulphate- precipitate  with  barium  chlorid. 
These  points  are  of  diagnostic  importance.  The  urine  rarely  contains 
traces  of  imcombined  phenol. 

Qtronic  Phenol-poisoning. ^ — In  the  days  of  the  Lister  spray,  chronic  phenol  poison- 
'ig  was  not  at  all  umomnnin  amongst  sufgum*.  It  presented  (he  gcntral  symptoms  of 
fBarasniiu.  The  quantity  of  the  add  entering  the  fe>-stcin  under  these  circumstances 
J*  qiiilr  phcnomcnni:  2  Om.  of  phenol  were  recovered  from  the  urine  of  a  surgeon  who 
^*0  ucisted  for  twn  and  a  half  hniini  at  an  operatinn  undtT  a  3  pcrcenl.  spiay.  Elinor 
fndes  Bia^  occur  from  carbolic  applicitionfi.  They  often  show  skin  eruptions  (Lcwin) 
^_  •'»dfmal  irritation  (kidney  changes,  Uycnu,  lyoij). 

^»  Treatment  of  the  Local  Effects. — ^These  arc  removed  by  promptly 
J'a&hing  with  alcohol  (or  whiskey)  and  applying  an  oil  dressing.  Alcohol, 
,  ^'  glycerin,  turpentine  and  ether  act  simply  by  their  solvent-affinity 
|or  phenol,  prc\enting  its  penetration  into  the  tissues  or  dissolving  it 
■'Xtti  ihcm  (Sollmann.  ipo6). 

Treatment  of  Internal  Poisoning. — ^The  best  success  is  obtained  by 
lovof^t  oi  the  stomach  with  warm  water,  or  first  with  10  per  cent,  alcohol; 
J**fn^  care  that  the  tluid  does  not  enter  the  trachea.  The  washing  must 
"f  coQiinucd  till  the  phenol  odor  disappears.  It  should  be  attempted 
^t_n  if  an  hour  or  more  has  elapsed  since  the  poison  was  swallowed 
^"'Rolcl,  1907),  because  a  large  part  of  the  phenol  remains  for  a  long  time 
I  J|||»bsorbed  in  the  stomach  (SolUnarm,  Hanzlik,  and  Pilchcr,  1910). 
I  ^htmic  antidotes  are  of  less  service.  Syrup  of  lime  or  potassium  perman- 
^m  !*t*le  is  the  most  promising.  Alcohol  and  sulphates  are  practically 
^H  J^Kss.  Intravenous  saline  infusions  have  some  value  against  the  drcu- 
^^    ^WoTjf  depression,  and  heat  against  the  collapse. 
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Lime  (onns  an  insoluble  compound  and  is  fairly  e0eclivc  (Husemann  and  TTmniethuij, 
1870).  Syrup  of  lime  may  be  given  frtely;  lime-water  is  too  weak.  Ftrmangtin^ 
destroys  phenol,  but  it  hax  not  been  ascertained  whether  the  ordinary  do»»  arc  effidcot. 
Tincture  of  iodin  was  sugtfcsted  by  Mabcrly.  19OQ.  Sco\-ille,  1913,  claims  tliat  charcoal 
is  useful.  Alcohol  was  formerly  considered  a  chemic  antidote,  supposedly  effective 
c\'cn  when  left  in  the  stomach.  Both  the  clinical  and  the  experimental  evidence  **- 
prove  this  view  (Clarke  and  Brown,  1906).  lis  solvent  action  is  useless  if  it  is  left  in 
the  stomach  to  be  absorbed.  Macht,  igi5,  asserts  that  alcohol  given  after  phcool 
IncrcaMs  its  toxicity;  but  that  it  is  protective  vhcn  taken  before  the  phenol. 

Suiphaits  have  been  given  witJi  the  object  of  forming  the  rvoo-louc  pbeoo)suI> 
phonates.  This  combination  does  not  occur  in  the  alimcntar>-  canal,  and  the  sulphate* 
are  very  slowly  absorbed,  so  that  the  oral  administration  is  useless  except  in  cWocic 
poisoning.  The  combination  is  so  slow,  thai  it  is  practically  not  available  in  acute 
poisoning,  even  if  the  sulphate  is  injected  intrBvenou!^ly  fBrown  and  ScJlmann,  1906}. 

The  antidotc-Ea  Hades  are  reviewed  by  Wilbcrt,  1916. 


PXEPARATIONS — ^PHENOL 


•pluHot,  U.S.r.;  AcUum  CarbolUum  (Add.  Carbol.),  B.P.,  COliOH.— Should  coo- 
tain  not  less  than  96  per  cent,  of  hydrozybenzene,  CUii-OH,  obtained  cither  from  coil> 
tar  by  fractional  dLitUIation  and  subsequent  purification,  or  prepared  synthetically. 
Occurs  as  needle-shaped  cr>-slals,  colorless  but  acquiring  a  reddish  tinge  by  oxidadon 
of  traces  of  the  phenol  to  quinon  and  other  derivatives  (Gibbs,  1909).  Characteristic 
odor  and  sweetish  caustic  tatte.  Melts  about  jS^C;  sol.  in  water  (1:15);  nUMrible  m 
all  proportions  with  alcohol,  glycerin  and  fats;  dissolved  by  allialies.  The  solubtUty 
in  water  diminishes  with  the  temperature,  and  can  be  increased  by  the  addition  m 
alcohol  or  ^yceiin.  Phenol  h  sometimes  very  faintly  add  to  htmus,  but  this  is  dtie 
to  impuriUes  (E.  Schmidt.  1911).  It  i^  not  a  true  add,  either  chemically  or  phyw- 
logicaUy.  It  is  incompatible  with  iron  and  collodion.  Dose,  0.06  Gm.,  i  gr^  U.S.P.; 
0.06  to  O.J  Gm.,  1  to  ^  gr..  6. P.;  diluted.     Moximwm  Jose,  0.2  Gm.,  3  kt. 

(Phenol.  Liq.),  I'.S.P.iJcid.  C«rM./.itf.,  D. P.— Thi* is  obtained 


tralfT.    It  is  more 
\xtume  of  glycerin,  the 
Dosty  0.05  C.C.,  I  minim,  U.S.P.;  0.06  to  0.1S  cc. 


^Phenol  Uquffactum 
by  liquefying  phenol  with  10  per  cent  L'.S.P.,  15  per  cent.  B.P.,  of 
convenient  for  dispensing.     Whcnjt  is  diluted  with  an  equal  votti 
mixtiwe  is  misdble  with  water. 
1  to  3  minims,  B.P.;  diluted. 

Glyrer.  Phenol.,  U.S.P. ;  Glycer.  Acid.  Carhot.,  B.P. — 20  per  cent.  Cseful  for  maktag 
strong  wlutions.     Dose,  0.3  cc,  5  minims,  U.S.P. 

Supl>.  AciJ.  Carbol-,  R.P. — 0,03  Gm,,  H  gr. 

'i'K^uentum  Pkenolis  (Ung.  Phenol),  U.S.P. —  }.^  per  cent.,  in  wax  and  lard. 

^Ung.  Acid.  Cttrboi.,  B.P. — 3  per  cent,  in  White  Paralhn  ointment. 

Carboiised  oil  is  usually  made  of  j  per  cent-  strength. 

Troch.  Acid  CarM.,  B.P.— 0.03  Gm,.  H  gf- 

Liy.  Sod.  Bar.  Cotnp.,  N.F.  (Dobell's  Solution). — This  is  often  used  on  mucous 
membranes  (nose,  etc.).  It  contains  0.3  i>cr  cent,  phenol,  1.5  percent  each  of  lodiiim 
bicaiboaatc  and  borate,  with  glycerin  ana  water. 

FHENOL-CAMPBOR 

When  camphor  and  phenol  are  rubbefl  together  they  liquefy.  Mixtuns  ci  this 
kind  (phenol  30,  camphor  &o,  alcohol  10)  have  been  employed  on  suppurating  wound* 
and  abscesses,  with  the  claim  thai  the  caustic  action  is  diminished  and  the  antisqitk; 
cfhdency  increased.  The  latter  is  doubtful;  but  the  decrease  of  irritation  agrees  with 
the  effects  of  all  g«>d  phenol  !<olvenis.  ChlumsJcy,  1905  and  1913,  recommends  phenol- 
camphor  in  supcrBcial  inflammatory  conditions,  e^>ecially  en'updas:  palntinc  it  on 
and  around  the  affected  area.  There  is  no  chemic  combination  (Vvon.  187(1;  Lcmuergei* 
1906). 

PHENOLSULPHONATES  OR  SULPHOCARBOLATES 

These  are  less  toxic  and  iriitant.  but  also  much  less  amtiseptic  than 
phenol.     They  have  httlc  value. 


CRESOLS 
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PREPARATIONS 

Sodii  Phtneisulphanas  (Sod.  Phenotsulph.j,  U.S.P.;  Sodium  Phcnolsulphonatc 
(Sulphocarbolate;,  C«H4(0H)SO»N*a  -t-  alTfO.  Colorless,  transparent  prions  or  «>■*- 
talline  granules  odorless,  cooling,  saline,  bitter  taste.  Sol.  in  water  (t :  4.3).  Dost, 
o.^S  Gm.,  4  gr..  U.S.?.;  oa  intestinit]  uoti^cptic:,  but  incBideat. 

{Zinc  PheuoUi^ph.—Ste  Index.) 

CRESOLS 

The  inlroduction  of  alkyl  groups  into  phenol  greatly  increases  the 
germicidal  efficiency.  The  most  importanl  of  these  derivatives  are  the 
cresols,  CeH^OHCHa,  obtained  from  "crude  carbolic  acid."  Attention 
was  directed  to  their  valuable  properties  by  Fraenkel,  1889.  The  three 
isomers,  ortho-,  para-,  and  mctacresol,  difier  somewhat  quantitatively, 
the  meta  being  the  most  antiseptic  and  least  toxic,  and  para  being  the 
most  toxic;  but  they  are  all  contained  in  variable  proportions  in  the  com- 
mercial products  usually  employed. 

The  germicidal  power  averages  three  nr  more  times  that  of  phenol; 
preparations  containing  higher  homologues  (N.N.R.)  may  be  15  times 
aa  active  as  phenol. 

The  toxici^  of  the  cresols  averages  somewhat  less  than  phenol  (Tollens, 
[905;  Hale,  1913;  toxicity  and  fate,  Jonescu  and  Bukarest,  1906),   but 
llacy  produce  identical  efiects  and  lesions  (Wandcl,  1906;  Hale,  1913). 
■phcy  arc  excreted  for  the  most  part "  combined,"  but  otherwise  unchanged. 
The  treatment  would  be  similar.     In  practice,  they  are  less  toxic  than  phe- 
nol ,  because  they  are  used  more  diluted;  but  they  are  far  from  being  "  non- 
pom  sonous."    Another  advantage  over  phenol  is  their  lower  cost.    Their 
di^s  tidvar^ages  are  the  disagreeable  odor,  which  depends  mainly  on  Jm- 
piiiities;  iheir  limited  solubility  in  water;  and  ihcir  variable  composition 
*r»cd  activity.     Organic  matter  slows  their  action  rather  more  than  with 
pti^nol.     Acid  and  hard  and  salty  water  hinder  them  by  precipitating 
'^<i  soap  with  which  they  are  usually  combined  (Hamilton,  1914). 

Solutions  and  Application. — The  cresols  may  be  rendered  soluble  by 
y^^  addition  of  soap,  as  in  the  official  Compound  Cresol  Solution;  and 
'^  ^fcevcral  other  ways.  The  soap- matures  partake  of  the  slipperj'  nature 
™  s-oap  and  are  therefore  less  useful  in  operating;  but  they  are  well  adapted 
to  ^eansing  the  hands  (brushing  for  two  or  three  minutes  with  )4.  *<>  ^ 
F*"*"  cent,  solution)  and  for  other  purposes.  A  dusting  powder  containing 
■3  t>«r  cent,  of  tricresol  is  being  recommended  for  pediculosis  (Herxheimer 
»tt<:l  Nathan,  1915). 

35enimPresenratJv«8. — Tricresol,  0.35  per  cent.,  is  often  added  to  secure  the  preser- 
!'**-**"'n  of  *(.-run]S.  This  is  harmless  with  the  usual  hypodfrmit  injctlions.  more  serious 
j^  spinal  irjisriions,  as  with  antimeninRitis  scrum.  Vocglltn.  igi4,  believes  that  it 
P*"^'^^  a  part  in  the  serious  collapse  which  is  sometimes  seen,  altbough  with  this  conceo- 
~*^ion  the  elTfcl  is  only  temporary.  With  higher  corcentralions,  the  coUnpse  ift 
"P^^^ua.  Phenol  acts  similarly.  Chlomform,  even  in  »iluratecl  solutiun,  1^  harmle&s. 
(r^**.  1914,  however^  finds  monlccj-s  much  more  resistant  to  cresol  than  the  docs  used  by 
"I^ICtlin.  He  considers  the  ordinary  conceatration  quite  harmless,  and  that  other 
"^-ijiepiics  have  no  advantage. 

■^Jterial  Changes. — Paracresol,  in  common  with  many  other  substances,  is  said  to 
^"^^ucc  atheromatous  lesions  in  rabbits.  (Denny  and  I'rothingham,  1914). 

_  I*henoI  Coefficient — The  variability  Is  Iwsl  discoimted  by  the  deter- 
'^^Tiation  of  the  "phenol  coefficient,"  i.e.,  the  ratio  of  the  germicidal 
V^v^er  of  the  disinfectant  to  the  germicidal  power  of  phenol,  both  being 

le&lcd  under  identical  conditions.    A  disinfectant  three  limes  as  active 

v>  phenol  would  have  the  coefficient  3,  etc. 
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The  phenol-coefficient  is  valuable  only  for  the  disinfectants  related 
lo  phenol;  not  for  metals,  iodin,  chlorin,  etc. 

Most  disinfectants  are  now  sold  with  the  statement  of  their  coeffident,  eneripUljr' 
detertnined  either  by  the  "Kidcal-Waikcr"  (1Q04)  or  preferably  by  the  "Hygienics 
Laboralciry"  method  (Andcrwrn  and  McClintit,  Hyg,  Lab,  Bui.,  72,  1912)  with  or  with- 
out the  presence  of  orRanic  matttT  (3  per  cent,  prptitnc  and  i  per  cent.  ge4atin).  Th^ 
degree  of  dilution  for  disinf^trtion  is  obtained  simply  by  multiplyinjr  by  50  the  pheooM. 
coefudeat  (with  or  without  organic  matter,  according  to  the  material  to  be  disinfected)^ 
/.f^  I  disinfectant  ha\-ing  the  coefTicient  3  «-ould  be  diluted  3  X  50  =  150  times. 


PRKPARATIONS- 


:resols 


•CfMo/,  U.S.P.,  B.P.;Crtsol  (Tricresol,  Cmylk  Add),  CH.CH^OH.— A  mixture- 

of  the  three  iMimeric  cresoU  obtained  from  coal-tar,  and  freed  from  phenol,  hydtoc&iboDB. 
and  water.     Strnw-cotored  refractive  liquid,  of  phcnol-likc  odor,  darkcnins  or  exposure^ 
to  air.     Sol.  in  wairr  (i:  50),  usually  furining  a  cloudy  solution;  miscible  in  all  propor^ 
lions  with  alcohol,  ether  or  glycerin,  and   dissolving  in  alkalies.     Dose,  0.05  cc*  t 
minim,  U.S  P.;  0,06  to  0.18  c.c,  i  to  3  minims,  B.P.;  diluted. 

For  heal  ast,  the  following  concentrations  arc  employed; 

In  surgrry,  %  tu  i  per  cent.;  gargles  or  cj-slitis.  \i  \ki  cent.;  cusmdon  (tabetd^' 
bacilli)  or  stools,  i  to  i^  per  cent.;  for  sponging  motns  or  .-ioaking  dothes,  }^  to  i  per~ 
cent.    To  make  a  1  per  cent,  solution,  add  3  tcaspoonluls  to  a  quart  of  water. 

Crcsol  is  generally  ue>rd  in  the  form  of; 

*Liquor  Crtioiis  Composittu,  U.S.P. — 50  per  cent,  of  crcaol,  brought  into  clear  kJu— 
lion  by  a  pota*h-linw.Td  wap.     It  hiis  a  plienol  coefTiciciit  of  about  3,  and  is  in  everjr — 
respect  equal  to  most  of  the  proprictar>"  solutions,  with  the  advantage  that  it  is  not — 
udvertiseu  under  exaggerated  ana  dangerous  claims,  such  as  being  "non-poisonous." 

'Liq.  Cresol.  Sap.,  U.P. — 50  per  cent,  in  castor  oil  —  potash  soap. 

Proprietary  preparations  may  he  found  in  N.X.R. 

Metacresyl  acetate  is  very  little  soluble  in  water,  and  therefore  less  toxic  (Greenwali! 
191 1).     It  15  being  tried  as  ;i  mild  antiseptic  for  mucous  membrane*. 

Conunerciol  Cresol  Prepaiatioiis.— These  contain  usunlly  35  to  50  per  cent. 
cresol.     They  may  lie  t;riiu]ivd  acrortling  lo  the  dissolving  agent; 

/.  EmitisioHs:  turbid,  brownish  liquids,  yielding  tuibid  suspensions  with  wstcr.^- 
Prf pared  'jritk: 

1.  Rcsin-soap:  Cretftitt-Peanon;  Ital;  CresoUn, 

2.  Pelroletiiri  Oils  (the  mixture  lowering  the  sped6c  granty  to  that  of  watei)^: 
Siiprot. 

X.  Coal-tar  Products  (Carbolic  Acid.  Naphthalin,  Pyridin). 
//.  SoliUions:  browni&h  liquids,  yielding  clear  solutions  nilh  su6kienc  waler: 
Prepcrfd  u'ilk: 

1.  Potash  Soaps  and  Alcohol:  Lysol,  LysiUJ;  Lysosolveot;  Sc^krtiot,  Phendim- 
(Hard  water  will  precipitate  the  soap,  and  cause  n  turbid  solution.) 

2.  Creosotinatc  of  Sodium;  Sctveal,  Hoiutut  (Salicylate  of  sodium  may  also  be  used); 
Krtsooxj-acctate  of  sodium:  Kmin. 

3.  SuliViacidTt  (Made  by  heating  crude  carbolic  with  equal  |>arts  o(  concentrat«l 
HiS()4):.S'iiM.iW,-C'r)r()/in-^frfm(iHfi(suUo-adds  of  resin  and  mineral  oils  may  be  employed). 

4.  Flhylcn-diumin:  fimamin. 

Phenoioid  Disinfectants. — Cresol    mixtures    containing  the  higher  homologs  ait 
described  in  N.N^R. 


POLYATOMIC  PHENOLS 

The  introduction  of  further  OH  groufw  tends  to  raise  the  antiseptic,  but  also  the  itri- 
lant  and  toxic  eSccu;  however,  the  modificatiaas  depend  largely  on  the  position  of  the 
groups:  Of  the  three  isomers  with  two  UH  groups,  Htfcrfin,  1  ;3,  is  perhaps  ^imewhat 
tDore  antiseptic  than  phenol,  and  riither  le^s  tuxic  and  irritant.  lIvdroquinoH,  1:4,  b 
more  lotic;  and  Pyrocattckin,  j :  2,  is  much  more  50.  They  act  as  reducing  agents,  espe- 
dally  in  alkaline  solutions.  Pyrucatcchin  Is  not  used  in  mc<l(cine.  Hydmquinon  it 
not  used  directly,  but  is  formed  from  arbutin,  contained  in  Uva  ursi.  Pyrof-atlct,  cob- 
taining  three  Off  groups,  is  highly  toxic;  whilst  its  isomer,  pUoro^titm,  is  practically 
inactive. 


PYROGALLOL 


♦ss 


I 


RESORCmOL 

ircln  coagulates  albumin.  Strong  solutions  soften  and  slowly 
cauterize  the  skin;  weak  solutions  are  merely  antiseptic.  It  is  employed 
ID  various  skin  diseases.  Internally,  it  is  used  to  check  gastric  fermenta- 
tion, and  in  diarrhea.  After  absorption,  it  produces  the  same  effects  as 
phenol,  but  with  more  prominent  convulaons,  occurring  even  in  man; 
8  Gm.  have  caused  severe  poisoning  but  with  recovery  (Murrel,  i88t). 
Smaller  doses  are  antipyretic,  but  the  action  is  too  short  to  be  useful. 
They  produce  "toxic"  effects  resembling  those  of  salicylates.  The  fate 
aod  excretion  are  similar  to  phenol. 

PREPARATIONS — RESORCIN 

*Resorcinol  (Rcsorcia),  U.S.P.;  Resvrcinum,  B.P.;  (racta-dihydroxy-benw^ne), 
CtH4(0II)i. — Colorless  ncedle-siiapcd  crystals,  of  peculiar  faint  odor,  and  sweetish, 
then  bitter  taste.  Acquires  pinkish  tint  on  exposure  to  light  and  iiir.  Very  <>ol.  in 
w&ur  (1:0.9)  or  ale.  ([:o.i>),  freely  *ol.  in  glyc.  or  eth.  Dose,  0.1*5  Gm.,  a  gr.,  U.S.P.; 
0.06  to  0.3  Gm.,  I  to  5  gr.,  B.I'.  Maximnm  dose,  i  Gm.,  i^  gr.  On  the  tkin,  $  lo  50 
per  ceaL  ointment,  ur  10  to  10  per  cent.  <Kilu(iun  in  glycerin.  For  urethral  or  vesical 
trtigttioD,  3^  to  3  per  cent.    In  alopecia,  i  to  a  per  cent  (but  discolors  hair). 


DVA  0RSI 

Thi*  plant  has  twrn  used  for  lis  diuretic  and  antiseptic  effects  in  vesical  catarrh.  It 
contains  arbutin,  tannin  and  other  canstituf'nts. 

Arbutin  is  a  crystalline  Klucosid,  yicldini:  glucose  and  hydroquinon  on  decomposition. 
It  is  decomposed  completely  in  the  body  O-evii-in,  18S3;  (ms.son,  iSfiS);  with  large  doses 
the  hydroquinon  appears  in  the  urine  (Ua&s,  iqis)  and  i:^  supposed  to  be  the  active 
agenL  l<ewin  and  others  found  it  benefiirial  in  cystitis,  etc.;  Pu»cUkt6  arid  Felbe^,  1S84, 
doubted  its  eOidciicy;  Ba&a  found  no  action  on  healthy  men,  even  vnlh.  20  Gtn.  The 
dsoaI  dose  is  t  Gm.,  ihfcc  to  six  times  dally. 

PREPARATIONS — ^UVA   UBSI 

Z/ta  Vrn,  V.S-V.;  Up.  Vrs.  Fol.,  B.P.  {Bearberr>).— The  dried  leaves  of  ArcUMto* 
plqrkii  Uva-urst.    Dose,  3  Gm.,  30  gr.,  U.S.P. 

PUext.  f/wB  Ursi,  U.S.P.    Dost,  2  c.c,  30  minims,  U.S.P. 

/«/.  Uv.  Urs.,  B.P. — 5  per  cent.     Dtne,  15  to^occ-,  H  ^°  '  ounce,  B.P. 


PYROGALLOL 

The  powerful  reducing  action  overshadows  the  phenol  effects.  Locally,  it  is  a  mild 
caustic  for  wounds  and  mucous  membranes;  it  prmluces  but  slight  krilatiun  of  the  intact 
akin,  pusin^  into  er>-thcmas  on  continued  u»e.  Absorbed  into  the  blood  it  forms  mcthe- 
noclobin,  disrupts  the  corpUM.'lcs  and  k-uds  t<>  intense  acute  nephritis.  Concentrated 
sotatio&s  acting  on  blood  in  vitro  (not  in  the  body}  produce  a  pwuliar  insoluble  sub- 
stance, hemogallul.  Fatal  puiiiomng  may  occur  even  when  the  drug  is  applied  to  the 
intact  &ktn,  and  may  set  in  smldcnly  after  it  has  been  used  for  some  limt-  u-ithoul  effecL^ 
The  symptoms  consult  in  dJanhca,  and  vomitinti,  chills,  prostration,  f^eeble  pulse;  nepb- 
ritii  with  scant  dark  urine  containing  b1ix)d  or  hemoglobin  dcnvativei^  (Xcis»er,  1881); 
sometimes  icterus  and  glycosuri.!.  The  rapid  cases  show  cyanosis,  dy&pnea,  convulsions 
and  collapse.     The  Irtalmenl  would  be  symptomatic. 

Uics. — The  danger  of  pois^ming  and  "the  black  staining  limit  its  employment.  It  is 
uMd  similarly  to  duysaroDin  in  psoriasis,  lupus,  ringworm  and  other  parxMtic  skin  dis- 
eases; aod  in  hair  dyes. 

FREPAK^VnONS — PYROGALLOL 

Pyrotailol  (PyrogalL),  U.S.P.;  (PyiogaUic  Add;  Tri-hydroxy-bauene),CBH,(OH)». 
—Freely  aoL  in  water  (1 : 1.7),  ale.  (t :  io)»  or  eth.    Solutions  turn  brown,  especially  in 
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the  light;  very  rapiHiy  if  alkaline,     llsod  cutcrnally  (Iml  dangerous)  as  i  to  lo  per  > 
ointment  in  skin  disca&rs;  and  as  i  to  3  per  cent,  solution  to  deodorize  osena 
charging  wounds. 

PICRIC  ACID 

The  saturated  aqueous  solution  is  used  as  a  dressing  for  btirns  and 
superficial  wounds,  weeping  eczemas,  etc.;  exerting  anesthetic,  antiseptic, 
astringtnt  and  protective  actions,  and  stimulating  the  reproduction  ol 
epithelium,  in  contrast  to  most  other  antiseptics  (Ehrenfricd,  1911). 
Stronger  alcoholic  solutions  arc  irritant,  and  being  absorbed,  bcconjc 
toxic.  By  mouth,  i  to  2  Gm.  produce  severe  poisoning,  generally  wilt 
recovery  under  treatment  (Lewin).  It  stains  the  skin,  conjunctiva  and 
tissues  yellow,  even  on  systemic  administration,  simulating  icterus 
This  may  persist  for  two  weeks  after  taking  i  Gm.  The  urine  is  colored 
a  peculiar  red  (WaJko,  1901). 

Picric  acid  is  trinilrophcnol,  CbHi-CNO))i  OH.  Ili  toxic  effects  were  invest! 
f[atcd  on  doK*  by  Rapnana  r<M!hr,  1S37.  Braconnct,  1S30,  introduced  it  ag»inBl  inter 
mtttent  fever;  it  vsa»  alsu  used  as  anthclminlic;  l>ut  its  internal  administnition  «-as  sooi 
considered  too  dangerous.  It  was  employed  in  surRcry  bv  Ch6ron,  1S76.  Toxk  doMi 
destroy  the  red  corpuscles  and  produce  gastroenteritis  and  hemorrhagic  nephritis.  Tin 
toxic-  effects  on  rabbits  and  dogs  are  described  by  Koirumi,  ioi4-  It  is  excreted  chirfli 
io  the  urine  a»  picmmic  acid  produced  by  rc-ductjon  in  the  liver.  A  part  of  the  piai 
acii\  may  be  excreted  unchanged.  Handliji^  the  substani:e,  in  the  arts,  may  product 
ccztma."  A  meask  rash  also  occurs  sometimes  in  poisoning.  The  cohudod  belief  ol 
lis  use  in  beer  seems  to  be  unfounded  (Gadamcr). 

Application. — Picric  acid  is<(olublc  to  lopcrccnt.  in  alcohol,  to  30  per  cent,  in  ether 
to  1.3  per  cent,  in  water.  In  bums,  etc.,  it  U  used  as  a  saturated  aqueous  solution, 
whose  antiseptic  efficiency  is  about  seven  limes  that  of  i  per  cent,  phenol.  (Picric  tci<i 
has  a  phenol  coefficient  =  6;  so  ihat  0.1(15  per  cent,  picric  acid  would  equal  i  per  cent 
phenol;  Tidy,  1915.)  Stronger  alcoholic  solutions  snould  not  be  used.  An  ointmenl 
«roti1d  he  illogical.  The  watery  solution  is  <iaid  to  he  free  from  danger,  but  ithould  not  b( 
applied  over  larKC  surfaces.  It  Is  prepared  by  dissolving  i  l^j  5  in  a  pint  of  hot  water  and 
fillcring  when  cold.  Cloths  saturated  with  this  solution  arp  applied,  covered  with  di^ 
cotton,  and  left  in  place  for  several  days. 


PREPAKATIONS — PICRIC    ACID  ^ 

"Trinitrophenol  (Trinitrophen.),  U.S.P.;  Acidum  Pitricum  {Add.  Plcr.),  B.P.l 
Picric  .\cid,  CsH-CXOtiiOH. —  Vcllow  cr>'StaUinc  powder,  odorless,  of  vcrj*  bitter  taste 
and  intense  staining  power.  SoL  in  water  (1:78)  or  ale.  (1:  is).  Dost,(».a\  Gul.H'I 
U.S.P. 

WTTROBENZOL 

Nilroben/ol,  C«TI|-NOi,  is  used  extensivelv  in  the  manufactare  of  anilin.  It 
been  tried  as  abort! facient.  Its  odor  rrscmbfes  that  of  hydrocyanic  acid,  and  it  _ 
therefore  been  used  in  cheap  perfumer)'  and  soaps,  under  the  name  ol  jVrtificial  *>d 
Almonil<>  or  Oil  of  Mirbnnc;  liut  it  is  liighlv  toxic;  t  Gm.  may  be  fatal.  It  may  be 
absorbctl  from  the  skin.  The  effects  depend  on  asph>-xia  from  mcthemoglobia  fonn*- 
tion,  and  00  central  paraljiiis.     They  resemble  anilin  [luiiwning. 

The  symptoms  usnally  begin  only  after  some  hours,  and  consist  in  nausea  and  pros- 
tration, burning,  headache,  intense  c)'anosis,  vomiting  with  chancteristic  odor,  cont-uV 
sions  and  coma,  ending  in  death  after  a  few  hours.  The  mortality  is  .high.  In  pro- 
tracted cases,  temporary  improvement  and  relapses  occur.  The  trta^maU  deroandl 
evacuation  and  stimulants.     No  fat  should  be  given. 

Subacute  and  chronic  poisoning  shows  icterus  and  c>'anosts,  the  rljniral  pictwe 
resembling  pernicious  anemia. 

The  reported  cases  of  nitro-benzol  poisoning  are  reviewed  by  S.  S.  Adams,  191 2. 
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ANHnf 

Anilig,  C»HtNHi,  is  used  extensively  in  the  arts  and  therefore  gives  rise  to  indiu- 
txd  poi»anui^,  with  met  hemoglobin  formntion.  headache,  wenkncss,  dyspnea,  o'anosis, 
convuliions,  and  psychic  disturbances.  Its  escretion  has  been  studied  by  Rambousck, 
i«>  "J 

Biblio^aphy  and  history  of  industrial  anilin  poisoning,  Alice  Hamilton,  1Q15;  Luce 
t<iIiamilloQ,  1916. 

CREOSOTE  AND  GUAUCOL 

Compositioit. — The  empyreumatic  products  of  the  distillation  of  wood 
the  smoke,  and  the  creosote  and  tar  which  may  be  condensed  (rom  it — 
p<>sses5  very  considerable  antiseptic  power.  They  consist  indeed  of  a 
miaiture  of  coal-tar  derivatives.  The  most  important  of  these  products 
from  a  therapeutic  standpoint  is  creosote,  the  variety  which  is  obtained 
from  beech-wood  (first  by  Reichenbach,  1830)  being  particularly  valued. 
It:s    principal  constituents  are 

nrH  /OCHi 

^viaiacol,    C«H4<Xti      I   »"<*     cresol,  C«Ha— CHj.     The     action      of 

tb,^se  compounds  could  be  largely  deduced  from  their  composition,  which 
*s  similar  to  the  cresols.  They  arc  more  strongly  antiseptic  and  antipy- 
retic, and  rather  less  irritantand  toxic,  than  is  phenol.  Creosol  should  be 
®^I>crior  theoretically,  hut  practically  does  not  differ  sufficiently  from 
K^*^Liacol.  to  offset  its  higher  cost.  Guaiacol  constitutes  from  60  to  90  per 
cen  1.  of  the  creosote,  and  shares  all  its  properties,  with  the  advantage  of 
*^onstaat  composition. 

Vses. — Creosote  and  guaiacol  are  employed  mainly  in  tuberculosis, 
"^"^-'ing  been  introduced  especially  by  Sommerbrudt,  1887.  Clinical 
^'pinions  arc  divided  as  to  their  value.  They  are  generally  believed  to 
'Hcrrase  the  appetite,  nutrition  and  weight,  and  to  lessen  tie  cough,  the 
'^v^er  and  the  night-sweats.  The  benefits  arc  seen  only  in  early  cases,  if 
too  use  is  long-continued,  and  if  it  does  not  cause  gastro-inteslinal  dis- 
ttjrVjances.  This  explains  the  difficulty  of  arriving  at  a  fair  judgmesit. 
It  ^vould  be  sUU  more  difficult  to  explain  the  effects.  The  tubercle  bacilli 
are  certainly  not  killed  in  their  foci;  it  is  even  doubtful  whether  their 
8ro-wib  is  restrained.  Possibly  the  benefits  may  be  referred  to  the  local 
effect  on  the  alimentary  canal  and  on  the  bronchitis;  and  to  the  antipy- 
'**-\cr  action.  Guaiacol  is  considered  an  intestiftai  antisepik,  although  its 
action  is  difficult  to  demonstrate  (Harris,  rpia).  Creosote-water  is 
***^*i.etimes  given  to  check  gastric  fertnetttatum. 

^^OrArr  Pulmattary  Dtseasrs. — These  (bronchitis,  pneumonia)  arc  also  benefited* 
^PcciiUy  by  inhalation,  where  the  local  antiKptic  and  stimulant  action  can  come  into 
r**y-  Absolutely  none  is  excreted  by  the  lungs  (Rofalini,  1904).  When  guaiacol  U 
^|J^t«dh>'podermii:ttny,  the  ma jr.riiarl  is  contained  in  the  blood,  liver  and  spleen;  much 
j^  In  the  lungs  and  kidneys  (Holbaucr,  1915!.  It  is  therefore  diiDcult  to  conceive 
^Mi  anli<«ptlc  action  in  the  lungs.  However,  it  has  been  provm  thatcreo&ole  increases 
"  Secretion  of  mucus  even  when  taken  by  the  mouth.     In  pUurtlic  elusions,  it  basteiu 


tW 


^^  Absorption  of  the  exudate  when  it  b  rubbed  into  the  chest. 
.  Aa  an  uttipTretic  fruaiacol  (10  to  30  drops,  dissolved  in  an  equal  volume  of  oil  or 
T|9^|inl)  may  be  rubbed  into  the  clean  and  dry  skin  of  the  abdomen  for  ten  to  fifteen 
I^Ules,  thuft  oJh'oiding  intestinal  irritation.     It  causes  conjuderahle  diaphoresis,  and 
B  ^2?  'K'vantaKe  over  other  antipyretics. 

^B  *be local  uiesthetic  action  is  utilized  especially  in  dentistry. 


AdministratioiL — In   tuberculosis,  creosote  or   guaiacol  is  given  in 
tbe largest  doses  which  can  be  tolerated  without  too  much  gastro-intestinal 
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irritation,  beginning  with  i  drop  and  increasing  tx)  5  or  lo  drops,  in  cx- 
tempo^aneou:^  capsules,  three  times  daily  after  meals.  If  they  arc  not 
tolerated,  guaiacol  carbonate  should  be  substituted. 

Poisoning  by  Creosote. — This  rescrnblcs  that  by  phenol,  but  ihe  effects  are  U^H 
convxilsive.  The  local  actions  are  also  similar.  The  side  actions  o[  thcfspeuUc  do^^' 
nrc  (irtiiilcd  by  SicEcrt,  Ncbcnwtrk.,  1915,  p.  196.  Deith  liu  ocairrcd  after  7  Gm. 
(Schulzc,  i&)4).  ilypodcrmically,  guaiacol  produces  danf^rous  coUaiise  and  cardiac 
depression.  The  excrciion,  as  with  phtrnol,  is  miunly  in  combination  irith  {^ycuronic 
and  (.ulphuric  acid  (Knapp,  iQii).  Guaiacol  (but  not  lU  carl>nnate)  cau:^es,  in  vct>' 
lar^e  doses,  the  appearance  of  an  undetermined,  vcrj'  \-iscouB,  substance  in  the  uriar, 
which  is  supposed  to  be  capable  of  obstructing  the  uriniferous  tubules. 

Guaiacol  Carbonate. — The  undesirable  local  effects  of  guaiacol,  the 
taste  and  the  toxicity,  arc  largely  reduced  by  converting  it  into  esters, 
on  the  "salol-principle,"  i.£.,  by  replacing  the  H  of  the  OH  group  by 
acyl  groups.  These  esters  are  insoluble  and  inactive;  but  in  the  intestine 
they  are  decomposed  (saponified),  into  their  constituents,  and  the  OH  i* 
thus  regenerated.  In  this  way  the  antiseptic  is  lilierated  but  slowly; 
its  action  extends  over  the  entire  intestine;  but  the  amount  which  can  fw 
liberated  at  any  time  is  too  small  to  be  cither  irritant  or  toxic.  The  creo- 
sote esters  arc  decomposed  even  more  slowly  than  salol,  perhaps  only 
through  putrefactive  bacteria.  .\n  excess  will  pass  the  intestine  unal>- 
sorbed.  As  much  as  6  Gm.  of  Guaiacol  carbonate  has  been  given  to 
phthisical  patients,  as  much  as  75  Gm.  (2}^  ounces!)  to  dogs,  without 
producing  toxic  symptoms.  With  these  large  doses,  a  great  deal  of  the 
substance  is  passed  in  the  feces,  without  ha\"ing  undergone  decomposition^ 

Other  Guaiacol  Compounds. — Since  the  liberated  Creosote  or  guaiacol  !&  the  actii 
portion  uf  these  coniivimids,  the  acid  with  ivhirh  they  are  combined  is  absohitdj 
inunatenal.  The  carbonic  acid  esters  are  Ihe  cheapest  and  contain  the  largest  percent- 
age of  active  uriiicipk-ti,  luid  therefore  deserve  the  preference  which  has  been  umvcnally 
accorded  to  tbcm.  Similar  compounds  have  been  prepared  from  all  olher  tAeaob— - 
from  th>'mol,  menthol,  etc. 

As  there  are  no  good  reasons  for  the  use  of  these  other  guaiacol  compomidSt  they 
only  be  mentioned.    They  are  more  fully  described  in  N  Js'.R. 


Compounds  /crwirt/  by  replacing  the  OH  by  acyl  groups  Analogous  to  the_carbonale| 

nxoate  (Itenzosol);  Cinnamate  (StjTacot);' 

late  (Monolnl). 


Benxoate  (Itenzosol);  Cinnamate  (St^Tacot);  Salicj-hlte  (Gttaiacol-salol);  Methylgl>-i 


Rfplactmentof  theOH  b^  alhyt group:  The  methyl  derivative,  Verauol,  U  practit 
inactive  because  the  OH  is  not  regenerated.    The  glycerin  derivative,  Cuaimar, 
Eolulile  and  active,  but  haA  a  bitter  taste.     Ouaiasanol  is  the  chlorid  of  diethyl-Blj  ~ 
guaiacol. 

Thiocol  is  pnln<isium  ^uaiacoUulphonatu,  analogous  lo  sodium  phenoUulpbonat 
Like  the  latter,  it  has  vcr>'  little  effect. 


PREPASATrONS — CHEOSOTK 

^Creosolum  (Crcosot.),  U.S. P.,  B.P. — A  mixture  nf  phenob;  and  phenol  derivativ 
chiefly  Ruaiacol  and  crc»ol,  obtained  durini;  the  disUIlauon  of  wood-tar,  preferably  Ihi 
derived  from  beech.     Almost  colorless  or  yellonit^h.  highly  refractive,  oily  liquid,  havi; 
a  penetratinK.  smoky  odor;  hurninjt,  cAustic  taste.    Slightly  sol.  in  water.     Mi«~ 
with  ale.  and  fixed  volatile  oils.     Dffse,  o.  35  c.c,  4  minims,  U.5.P.;  0.06  to  o.  j  c.< 
to  5  minims,  B.P.     htaximumdost,  0.5  c.c,  8  minims. 

Aq.  Cresol..  U.S.P. — A  saturated  water>-  solution,  recently  prepared,  contunlnc 
than  I  per  cent.     Dose,  10  c.c,  a^jf  drams,  U.S.P. 

Ung.  Crecsot.,  B-P. — 10  per  cent. 

Creosoli  Carbonas  (Creosot.  Carb.),  U.S.P. —  A  mixture  of  the  carlwnates  of  v 
cottstituenLs  of  creosote,  cliiefly  guaiacol  and  cieosol.     A  clear,  c<^orle«*.  or  yello 
viscid  liquid,  odorless  and  tasteless,  or  having  a  slight  odor  and  taste  of  cre&otc.    I 
in  water,  freely  sol.  in  ale.  or  fixed  oils.     Dote,  1  Gm.,  15  gr.,  U.S.P. 


TAR 
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Vuaia^ol,  U.S.P.,  B.F.,  CiHilOKXOCHi).— N»rly  colorless  r«fracUve  liquid, 
cryitallinc  at  low  temperatures.  Odor  aromatic;  sharp  taste.  Sat.  in  WEter  (1:53); 
twmy  miscible  wjih  give,  ale.  oroil&.  Date,  0.5  cc,  8  minims,  U.S.P.;  0.06  too.  j  c.c; 
X    to  5  minims,  ti.P.    Maximum  dose,  0.5  c.c,  8  minims, 

'Guaia£(4is  Carhonas  (C.uaico!.  Carh.),  U.S.P..  B.P.;  CDuotol),  (C«H,(OCHj)0)iCO^ 

White  crystoUlDe  powder,  almost  without  odor  01  tute.     Practically  ini^ol.  in  water, 

s-ol  in  ale.  (1:60).     Dose,  i   Gm.,  15  gr.,  U.S.P.;  0.3  to  i  Gm.,  s  to  15  gr.,  B.P.;  in 
p»o«der  or  capsules.    Maximum  dose,  i  Gm.,  15  gr. 

TAH 

This  is  a  complex  product  obtained  by  the  destructive  distillation  of 
p>iwic  woods,  especially  Pinus  palustris.  It  contains  phenols  and  other 
ai.i-<iniatic  derivatives,  resin  acids,  acetic  acid,  etc.  Tar  is  strongly  irritant 
t.o  the  skin;  it  is  used  in  scabies  and  other  parasitic  skin  diseases,  chronic 
<lx~^"  ecwma,  itching,  etc.;  but  has  now  l>een  displaced  largeiy  by  the  less 
<i  i  ^Mgreeable  naphthol  and  resorcin.  Internally,  it  has  been  employed  in 
cfajronic  bronchitis  and  cystitis,  acting  similarly  to  turpentine  and  copaiba. 
T'tkc  official  svTup  is  little  more  than  a  flavoring  vehicle.  Toxic  doses  of 
tst-i-produce  effects  similar  to  phenol:  vomiting,  colic,  diarrhea  and  collapse. 

Oa  of  Ttr. — When  tar  '\<.  subjected  to  redislillation,  it  can  be  separated  into  a  fixed 
P^*~lioti — pit ch~consJs ting  mainly  o[  rosin;  and  a  volatile  portion  which  separates  into 
^~^  "fTar  (tVeiim  Fids  Liqaida,  U.S. P.)  and  p>Toligncous  (crude  acetic)  ncul.  The  oil 
^5  *.*rcoosisLi  of  various  coal-tar  derivatives,  majniy  CresoU,  Guaiacol,  Phenol,  Xylol, 
^^»1  udI,  and  l^yrocatechin.    It  also  contains  methyl  alcohol  and  acetone. 


rREPARATIONS— TAR 

"Pix  LiqHida  (Pu.  Liq.),  TJ.S.P..  B.P.;  Pine  Tar.— A  viscid  WarJcish -brown  sub- 
**^-«ace,  obtained  by  the  d«lructive  distillation  of  Pitie  wood.  Empyreumatic  odor  and 
*i^^^»-*p  taste.  Misdble  with  ale.  and  6sed  or  volatile  oils,  only  partly  sol.  in  water. 
-*^«>-*-*,  0.5  Gm.,  8  gr.,  U.S.P. 

-  01.  Pic.  Liq.,  U.S.P.;  Oil  of  Tar.  —\  vol»tUc  oil  dtsliUcd  from  Tar.     An  almost  color- 

^^^■!%  liiiuid  when  freiihly  distilleil,  but  <^ood  acquLr(.-s  a  dark  reddi&h-brown  color,  and  has 
.    *  *■*  nag.  tarry  odor  and  taste.     /Aj«,  0.3  c.c,  3  minims,  U.S.P. 

-Syr.  Pk.  Liq.,  U.S.P.— o.  5  per  cent.     Dasc,  4  cc,  i  dram,  U.S.P.     Used  as  flavor  for 
)  *'**»»^  miitures. 

"VfiCHenttim  PicU  Liquida  (Ung.  Pic.  Liq.),  U.S.P.,  B.P.;  Tar  Ointment.— 50  per 
**«»«..  U.S.P.;  ;o  per  cent.,  B.P. 

_  <^vm  Cadinum  (OK  Cadln.l,  U.S.P..  B.P.;  Oil  of  Cade  (Oil  of  Juniper  Tar;  01. 
J**  ■*  £p.  Empyrcumaticum). — An  empyreumatic  oil  obtiiined  by  the  d_r>'  di-stillation  of  the 
*^*^^  o(  Junipcrus  Oxycedrus.  A  dark  brown,  cleat,  thick  liquid,  having  a  tarry, 
^'" r> jreu mati c  odor  and  a  warm,  faintly  aromatic,  and  bitter  taste.  Used  externally 
^^  IM,  hannfT  a  less  unpleasant  odor. 
.  m"*^"  CarboKtz  Prerparala  (Pix  Carbon.  Prop.),  B.P. — Prepared  Coal-tar. — Commer- 
^^  Coal-tar  is  heated  for  an  hour  at  5o°C.  to  expel  ammonia,  it  is  employed  as  anti- 
^-■*.ic  and  antiprurilic  in  the  form  of  Lia.  Picis  Carh. 

-j^ig.  Pit.  Carh-m.,  H.P. — jo  per  cent,  in  alroholir  solution  of  Quiltaja. 
.  ^  J^^  Eciema  and  Cancer. — Workers  with  coal-lar  often  develop  eczema,  which  may 
j|  **aii)ate  in  fpiihclioma.  "Gas-wxjrks  lar"  is  especially  li.al>Ie  to  produce  these  affec- 
1  ?^s.  The  constituents  responsible  for  Its  "auxctic"  action  have  not  been  identified; 
J**:  the  aothrHccn  fmction  is  the  most  active  (Norris,  1914).  It  stimulates  cell  division 
^^*r"i  ;i/f  I)  (Ros5,  ("ropper  .ind  Row.  iQu). 

^  .^^affin  Dermatitis  and  Cancer. — Workers  in  cmdv  paraffin  are  also  very  often 

V^tcd  in  the  ume  manner.     Pure  parafHn,  however,  Ls  harmless. 

^^Tic  effects  were  first  described  by  Volkmann,  1875.     The  acute  stage  begins  with 

™  r>tioiu  ami  abscesses,  "  wax  bolls. ''    These  last  several  months  ^w*  then  pass  into  a 

**"^^»oc  dermatilia,  with  seborrhea  resembling  psoriasis,  pigmcototion,  dry    fissures, 

•"""^^y  ihickeninK.  resembling  ichthyosis,  clc.     In  the  terminal  stage,  multiple  warts  or 

V^^iflomu  develop,  turning  nnally  to  true  epithelioma  (Davis,  1915). 
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THYMOL 

This  is  contained  in  a  number  of  aromatic  oils,  for  instance  Thyme. 
Its  chemical  suucture,C8HaCH»-OHCjH7,  i :  3  : 4,  is  allied  to  that  of  the 
creosote  constituents.  Its  actions  are  also  similar  to  those  of  phenol. 
Its  antiseptic  efficiency  is  higher,  restraining  the  growth  of  pus  organisms 
in  1 :  3,000;  it  is  not  a  very  active  germicide.  The  local  effects  and  the 
toxicity  are  relatively  slight,  because  of  its  slight  solubility  and  slow  absorp- 
tion. The  absorption  from  the  alimenlarj'  canal  is,  however,  practically 
complete  (Seidell,  1915).  The  solution  and  absorbability  are  favored  by 
alcohol  or  oil  (Schultz,  1915);  these  must  be  avoided  in  the  therapeutic 
use.  Even  after  absorption  its  toxicity  is  but  a  fourth  of  that  of  phenol. 
About  half  of  the  thymol  is  completely  destroyed  in.  the  body  (Seidell, 
1915).  The  remainder  is  excreted  paired  with  sulphuric  and  glycuronic 
acid  (Blum).  The  symptoms  are  similar  to  phenol  (W.  H.  Schultz.  1911), 
except  that  there  are  no  convulsions,  the  central  nervous  system  being 
primarily  depressed.  It  is  rapidly  absorbed  from  hypodermic  injections 
of  oily  solutions  (Schultz  and  Seidell,  191 2). 

Uses. — Thymol  has  a  rather  pleasant  clean  taste;  and  a  saturated 
Tivalery  solution  makes  a  rather  agreeable  and  fairly  efficient  antiseptic 
and  deodorant  mouth  wash  or  gargle;  lotion  for  discharging  wounds,  etc 
Internally,  it  is  occasionally  employed  as  antipyretic  and  intestinal  anti- 
septic. Its  main  use  is  as  an  anthelmintic  in  the  treatment  of  hook-worm 
disease  (Bozzolo,  1881). 

Administratioa  in  UndiuulAsis. — It  is  given  faatinft.  in  the  total  dose  of  s  Gm.  lor 
adults,  anJ  tlic  usual  modificatiuns  for  a^c,  divided  into  three  jMirtions,  takra  aji  hour 
apart,  bwt  as  fine  poivdcr  in  5-gr.  capsules.  This  is  preceded  and  fi^lowed  by  a  saline 
cathartic  (not  by  castor  oil).  A  rather  detailed  technic,  established  by  Stiles  (described 
In  }..\.M..\.,  60:  1546,  1013)  should  be  used  to  insure  success.  The  treatineat  Is 
repeated  at  weekly-  intervals  until  -iuccc^ful. 

Although  hiffbly  eHectivc  aRatnRt  hook-n-orm  disease,  thymol  is  not  IdeaL     It  some- 
times [ail:i;  pnxluces  Mime  di!>aKret.-jihleafler'ciTect5inncarlyhalf  the  patients;  hi 
it  causes  severe  poisoning;  and  its  cost  is  high  (Lev>-,  1914). 


PREP  AKATIONS— THYMOL 


1 


'Thymi*:.  U.S.P.,  B.P.,  C.H.(CH,)(OH)CC,H,).— Occurs  in  the  volatile  oD  td 
Thymus  vulgaris  and  in  some  other  volatile  oils.  Large,  colorless  prisms,  aromatic, 
thyme-like  odor;  pungent,  aromatic  taste.  Very  slightly  sol.  in  water  (t  :  1,010};  fred]r 
sol.  in  ale.  (i  m)  or  olive  oil  (i  :  1.7);  uA.  in  other  fixed  oils  and  ui  v(4.0)U.  LiouefiM 
when  triturated  with  camphor,  menthol  or  chloral.  Dose,  0.135  Gm..  2  jgr.,  U.S.P.; 
0.05  to  o,i3  r.ra.,  \^  lo  3  gr..  B.P.,  as  anlis-eptic;  i  Cm.,  15  gt.  (cautionl)  per  day,  •• 
anthelmintic,  U.S.?.;  i  to  1  Gm.,  15  to  30  gr.,  B.P. 

RAPHTRALIN 

This  represents  the  union  of  two  benzol  rings:  It  is  practically  insoluble  in  water; 
•nd  ia  employed  mainly  as  insecticide  (molh>balti^);asanusepticduBlio(?  powder  in  sidn 
diacascs  and  as  iotcstiDat  antiseptic  and  uDtliclmiatic.  e»peciaUy  against 
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fumigations  have  also  bc^in  tried  against  pertus-iis.    Tt  has  usually  a  relatively  low 

toxicity  for  manunais  because  but  Utile  'a  absorbed,  the  greater  part  being  cUminated 

^Uichanged  by  tlie  feces.    That  absorbed  is  excreted  a^  naphtbol,  niLpIitboquinon,  etc., 

^od  prodaces  renal  and  ve»cal  irritation  ami  hemorihag«.     However,  the  ab^urptioD  is 

^'^HKtiinesgreater,  especially  in  the  presence  of  oil:  3  Gm.,admiQisterecl  inthecourseof 

**odays,  hai  proven  fatal  to  a  six  year  old  child  (ProdiowiiUs,  1911).     Hetnc.  1913. 

icports  poisoniog  in  a.  woman  after  s.f!  Cm.,  distributed  nver  three  days.      Retinal 

<Wfes  may  occur  umilar  to  those  produced  by  naphthol  (Takamura,  191 2).     Further 

■^termccs  to  Ihc  side  actions  are  given  by  Sdfcrt,  Ncbcnwirk.,  1915,  p.  140. 

PREPARATIONS — NAPBTHALEN 

yafhthaitnum,   CtoHi. — Colortes&,  crystalline  powdery  coal-tar  odor;  hot  taste, 
/osol.  ta  water;  sol.  in  ak.  (i  :  i}).    Dose,  0.1  to  0.5  Gm.  {i  to  8  gr.).     For  children, 
0.05  Cm.,  t  gr.,  at  I  ^^  yeaj^;  to  0.3  Gm.,  3  gr.,  at  twelve  years,  three  times  daily. 

NAPHTHOL 

The  naphthols  arc  compounds  anaJogous  to  phenol,  formed  by  the 
ititxYxluction  of  an  OH  group  into  naphthalin:  Alpha-naphthol  is  the  more 


^0H 


Alphk 


B«to 


***^»cr   of  the  isomers  and  is  not  employed  in  medicine.     BeUl-naphthol 

*^^    similarly  lo  phenol,  but  is  more  germicidal,    it  has  a  special  irritant 

*5^*^*oii  on  the  kidneys,  and  severe  nephritis  has  been  caused  by  its  abaorp- 

^^^"^    from  the  intact  skin  in  the  therapeutic  use  (KoposI,  1881;  Baatz, 

'^^■4).     It  is   therefore   especially   contraLudicated   in  the   presence   of 

Y^J^^-I  disease.     Changes  in  the  retina  and  opacity  of  the  lens  have  also 

t>jcen  described  after  ilb  use  {e.g.,  v.d.,  Howe,  1913).     Further  references  to 

t-Qe  side  actions  are  given  by  Scifcrl,  Ncbenwirk.,  1915,  p.  186. 

It  is  almost  insoluble,  and  is  employed  as  an  ointment  in  psoria^s, 
?*^e,  parasitic  skin  diseases,  pruritus;  and  to  deodorize  ozena.  Internally, 
*K  *^  used  as  an  intestinal  antiseptic  and  anthelmintic.  It  is  effective  in 
!^^k-worm  disease  but  inferior  to  thymol  (freeman,  1908).  The  local 
irniaiion  and  toxicity  may  be  lessened  on  the  saloUprinciple,  by  Lrans- 
*.^rming  it  into  esters.  The  benzoate,  salicylate  (Betol)  and  oxytoluate 
^^picarin)  are  described  in  N.N.R. 

PREPARATIONS NAPHTHOL 

^BOanaphtket,  U.S.P.;  XaphlM,  R.P.,  CioHtOH.— Colorless  or  buff-colored,  crys- 
^*^«&c  Umiaie  or  powder;  faint  phenol  odor;  pungent  taste.  Ver>-  slightly  sol.  in  water 
'■^-i.oooj;  very  soL  in  ale.  (1:0.8)  and  iu  oils,  glycerin  and  alkalies.  Dost,  0.25  Gra.,  4 
P--  V.S.p.;o.a  too,6Gai..i  to  10  gr.,  B.P.;  against  hook-worm,  i  104  Gm.^  by  special 

^echnit  ('Freeman.  190^).     KxlernaJTy,  i  to  10  per  cent,  ointment  or  3  to  5  per  Cent,  aolu- 

'''"Oiaail  Of  alcohol;  in  alopecia,  i  to  3  per  cent 


QOINOLIW 

QubolUt,  CtHtK,  is  derived  from  naphthalin  by  the  substitution  of  a  N  for  a  CH 
i^^   It  te  highly  toxic  and  stron^y  antiseptic,  but  does  iwt  inhibit  the  growth  of 
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This  is  contained  in  a  nu| 
Its  chemical  structure,  CtHi' 
creosote  constituents.     Its  M 
Its  antiseptic  efficiency  i^  ' 
in  1 : 5,000;  it  is  not  a  v 
toxicity  are  relatively  sligh; , 
lion.    The  absorption  frun 
complete  (Seidell,  1915). 
alcohol  or  oil  (Schultz,  ii 
use.    Even  after  absorpi 
About  half  of  the  thym. 
1915).     The  remainder  I 
add  (Blum).    The  syim 
except  that  there  arc  ; 
primarily  depressed,     i 
of  oily  solutions  (Schul' 

Uses.—Thymol  h; 
watery  solution  niakt 
and  deodorant  mouili 
Internally,  it  is  occas 
aeptic  Its  main  use 
disease  (Bozzolo,  iS'- 

Administration  b  Ur' 

adults,  ami  the  usual  rr 
apart,  best  as  fine  i>o«l' 
cathartic  (not  by  caivioi 
in  J. A.M. A.,  60:  IS4' 
repeated  at  weekly  ini' 
Although  highly  ft!l 
tiroes  fiii]$;  produces 
it  causes  severe  poiso- 
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Vnfom,  Tolu.  etc), ! 

iecDcnposed  urine  of 

V  s  a.  fairly  strong  anti- 

^ac  iomcwhat  less  cfr- 

e  »jpcr  cent,  produces 

Tne  5\'stcinic  toxicity 

<giLLtive  derangement,' 

d  nficylates.    There  is 

--rimaiic  fever.     Fatali- 

udae>-s  with  glycocoU 

and  the  absence  of  odor! 

■&  preser\*ation  of  foods, , 

benzoatc  is  generally 

of  ai  per  cent.;  in  acid 

;  MKdd  be  liberated.     This 

oonaderably,  but  may) 

w  fin  aoil  lo  be  gennlddal  in  o  4  l 
i,  (iMK  foond  that  o.  3$  per  cent. 
m,  tiKK  wrre  unly  a  few  colnnie&l 
I  tt.  j  to  o.  5  per  cent.  (Th.  Smith}.) 
mac  add  up  to  o.  t  |>cr  crnt.  doesS 
r^BCiiaeDlal,  especially  to  pe|»l&|| 
'"i  iuiiy  rapidly,  even  In  a  satu-v 
I  OBportaQce  (Long,  igis). 

ly  impiorlant  in  view ' 

food.    In  a  very  careful ' 

r.  1911  (Report  88,  U.S.  Dept.  1 

■  healthy  individuals,  if  larger 

l^  faa^  0.5  Gm.  per  day,  were  con- 

r  ^«5^  to  4  Gm.,  were  not  generally 

J^mci  bf  indications  of  slight  diges- 

s  Awhniil  vfactlicr  tiiesc  had  any 

^  Lifaove  0.1  per  cent.)  of  the  fr« 

r  K  fewt  juices)  probably  cause  more 

*  -cai.  Kjio),  but  not  albuminuria 

,r-  --.■acenrrations  have  a  noticeable 

ft    There  ts  no  reason  to  a.ssurae  that 

since  it  is  promptly  cxcretetl  as 

thftt  the  formation  of  this  acid  is 

^p^— Chittenden,  Long  and  Herter    ^ 

^__  -     ■  -jng  men,  administer  ing  sodlnm 

— ^  -.    ".im.  per  day  for  two  montlw,  then 

(rs^  md  4  to  6  Gm.  for  shorter  periods. 
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icions  aud  extensive  analyses  of  food  and  excreta  were 

snden  and  Long  observed  no  effects  whatever  on  the  general 

Xt  subjects;  on  pulse  or  blood  pressure;  red  or  wliite  blood 

hemoglobin;  no  loss  of  appetite,  nausea,  headache,  intestinal 

and  no  change  in  the  intestinal    flora.     The  body-weight 

linish;  the  digestion,  assimilation  and  utiU»ition  of  fat  or 

the  composition  of  the  feces;  the  N-balance;  the  quanli- 

ipositlon  of  the  urine;  and  the  distribution  of  nitrogen,  re- 

jlutely  normal.    There  was  no  indication  of  damage  to  the 

agreed  with  these  negative  results;  but  with  doses  above  i  Gm., 

a  slight  increase  of  indican,  of  coecal  bacteria  and  of  free 

rdrochloric  acid.     These  effects  could  mean  a  slight  irritant  action 

;«5€  of  these  doses,  which,  however,  are  larger  than  would  ordi- 

introduced  with  foods. 

*russian  Scientific  Deputation  of  Medical  Affairs,  1911,  accepted 
:lusion  that  0.5  Gm.  distributed  in  small  doses  during  the  day,  are 
>us;  but  the)'  do  not  consider  the  experiments  with  doses  of  several 
Tbs  affording  proof  of  absolute  harmlessness. 

conclusions  of  Wiley  and  his  coUalwratora  (Bull.  84,  190S),  were 

ivorable.     Their  experiments  were  also  made  on  healthy  young  men 

[doses  of  I  to  2.5  Gm.;  but  these  were  given  dry  in  capsules,  offering 

rtunily  for  more  violent  local  actions  than  when  the  bemwale  is 

Ived,  as  in  food.     This  may  iu  part  explain  the  claimed  deleterious 

Its  (gastric  pain,  vomiting,  digesti\'e  and  metabolic  disturbances, 

luction  of  body-weight,  etc.).    However,  these  results  were  not  very 

rHung,  nor  their  causal  connection  with  the  bonzoatc  administration  at 

conclusive  (K.  B.  Lchmann,  191 1). 

£ffects  of  Large  Doses. — Sodium  bvnzimic  is  tolerated  without  serious  symptoms 
'«n  in  much  Ur«tfr  doses,  at  least  up  to  &o  Cm.  per  day  (/.i.,  Jaksch,  18157).  Such 
were  formerly  used  in  therapeutics.  There  arc  generally  symptoms  resembling 
of  ealicyUles  {Lcwiniiki,  IQ08;  Ro^t,  Franz  and  Ilcitzct,  igii);  as  with  the  latter, 
dose  required  to  elicit  these  symptoms  varies  Rrcally:  Nausea  and  vomiting  were 
•^o'ainnl  in  sonic  cases  with  fi  to  S  Cm.  (Mct^i'.mT  and  Shepard,  i.'^W));  whilst  in  others, 
^S  <>m.  li.-iii  no  ctlect.  The  urine  sometimes  contains  reducing  subtanccs,  presumably 
R*>*curijnii:  JuiJ,  especially  if  very  large  duaes  (35  Gm.)  are  taken  (Lewini*ki). 

Toxic  Effects  on  Animals. — These  are  analogous  to  phenol;  gastric  irritation,  vomit* 
^K.  dyspnea,  decrtuse  of  reQexes,  narcosts.  sometimes  convulsions  (Kobert  and 
^hulitf,  1880).  Dogs  tolerate  1.7  (Im.  per  kilogram  by  vt-in  without  danger.  This 
Pf«duce^  ihort  vagus  stimulation  and  prolonged  nscof  blood  pressure  (Naumann,  1879). 

I^ennissibility   of   Benzoated   Foods. — ^These   investigations  justify 

"^  conclusion  that  healthy  individuals  may  safely  consume  reasonable 

lUiniiiies  of  benzoated  foods  (0.5  Gm.  of  benzoate  jrer  day,  in  concentra- 

^n  of  0.1  per  cent.),  if  these  foods  are  not  otherwise  spoiled  or  unhealthy; 

"^^  that  p.itients  with  gastro-intestinal  or  renal  diseases  would  do  l>ettcr 

to  avoid  ihi-m.     Benzoate  is  probably  the  least  harmful  of  food  pre-scrva- 

*^^'cs.  and  where  these  arc  needed,  its  use  appears  permissible;  provided 

^"M  its  presence  is  state<l  so  that  it  may  be  avoided  by  patients  to  whom 

^  ttiuld  i>e  harmful.     However,  it  is  very  difficult  to  pass  a  final  judgment 

"I  such  questions. 

ftwible  Objections. — ^The  cndcnce  in  favor  of  benzoates  is  really  negative,  viz., 
HUoo  deleteridus  effects  havclx-en  proven.  Such  negative  evidence  isalwa>-9  open  to 
P*«hJKtion  that  our  methods  of  investigation  are  not  sufficiently  delicate  or  compre- 
■Wwvc.  or  iitherwisc  arc  not  adapted  to  reveal  the  [lossible  deleterious  effects.  More 
*"<«>*  probably  is  the  objection  that  the  investigations  have  so  far  been  confined 
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almost  exduuvely  to  healthy  individuals.  It  i&  quite  conceivable  that  irritant  actkm 
which  would  be  too  feeble  to  influence  aurmal  oqpias,  might  become  deleterious  to  thae 
organs,  especially  the  KMtro-intestinal  tract  or  kidneys,  if  these  are  already  diseaaed, 
or  when  the  gt-neral  resistance  is  lowered.  Herter,  iqio,  advise*  agaiast  the  free  me  of 
bcnzoatcs  iii  dyspe[>»ia9.  There  is  also  evidence  that  the  formation  of  hippuric  odd, 
which  is  prohnbly  in  part  responsible  for  the  hnrmlessness  of  benzoic  aaOj  Is  inter- 
fered with  in  at  least  some  types  of  kidney  diseases. 

ICppuric  Acid  Svnthe&is. — -Benicoic  acid  and  its  homologs  (cinnamic  acid,  quisic 
acid,  etc.)  combine  in  the  body  with  glycocotl  to  form  hippuric  acid,  which  is  excreted 
in  the  urine.  The  normal  hippuric  acid  (averaging  0.7  Cm.  p«rr  day  in  man)  arises  in 
this  manner  from  the  benzoic  acid  occurring  naturally  in  vegetable  food*;  and  from  ita 
homology  which  arc  formed  in  protein  putrefaction  in  the  intestines  (Salkowski,  iSSj; 
Baumann,  188&).  The  i^ynlhesis  of  hippuric  acid  was  discovered  by  Woehler.  Meui- 
ner  and  Shepard,  iS6(J,  showed  that  this  occurs  in  the  I:idDe>'S.  Bonffe  and  Schmiede- 
bcrg,  1B77,  demonstrated  the  process  in  excised  kidneys,  and  believed  that  thia  is  the 
only  orean  conccrnctl  in  dogs.  However,  coiisiderubic  hippuric  add  is  formed  in  nephrre* 
tomized  doj^s  (KinK!^bury  and  Belli,  iQiS)-  In  herbivorous  animaU,  the  synthesis  al&o 
takes  place  partly  in  other  organs  CSalomon,  1R77),  in  the  small  intestines  and  liver 
(Jaar^veld  nnd  Slok^ns,  1879).  Chickens  do  not  form  hippuricicid  (Vo^hikawa^igii). 
In  man,  benzoic  add  up  to  10  Gm.  per  day  is  excreted  almost  quantitativt^  as  hlpfwric 
udd  (r>akiii,  iqio)  (8;  to  90  per  cent,  mthin  five  or  six  hours;  H.  B.  Lewis,  1914}. 
With  very  large  doses  [35  Gm.,  Lcwinski)  a  part  escapes  synthesis.  -■Vfter  the  adsdois- 
tnition  of  benzoic  acid,  a  fifth  of  the  total  nitrogen  of  the  urine  may  be  in  the  form  of 
hippuric  add.  Injected  hippuric  add  is  excreted  rapidly,  Le.,  within  nine  hours 
(Raiziss,  Raizisa  and  Ringer.  1^14)- 

In parench>'matous  nephntis,  even  smaller  quantities  axe  excreted  in  part  as  beiumc 
add  (jaarsveld  and  Slokvis,  1879;  Kroncckcr,  1S83,). 

Uric  Add. — Large  duM-s  of  bcnzoate-t  (S  Gm.  per  day,  in  man)  iocrease  the  elimina- 
tion of  urates  in  the  urine,  and  decrease  the  unite  content  of  the  blood.  The  effect 
is  therefort'  tsiniilur  to  salicyl.     The  crt-atinin  uf  the  blond  Is  not  lowered  {Denis,  1015). 

H.  B.  I^wis  and  Karr,  1916,  observed  a  marked  decrease  in  uric  add  excretioa 
durins  the  [jcriod  of  maxlmiil  hipjjurale  excretion,  after  7  to  S  Gm.  of  bcnzoate.  This 
effect  is  not  produced  by  administering  hippuric  add  directly.  CreaUnln  excretioa 
was  not  afTectod  by  the  benzoate. 

Therapeutic  Uses.— The  slightly  irritant  and  stimulant  action  of  free 
benzoic  acid  is  sometimes  used  to  promote  expectoration  in  bronchitis 
with  abundant  tliin  secretion;  and  in  tlie  form  of  benzoin,  to  promote  the 
healing  of  small  wounds,  chapped  hands,  etc. 

Bcmwales  were  formcriy  employed  in  uric  odd  diseases  (Ute,  1841);  in  arthritis, 
where  it  acts  similarly  to  salicylates,  but  wtater;  in  tuberculosis;  and  as  a  diuretic  and 
antiseptic  in  cvstilLs.  It  is  not  diurclic,  and  its  antiseptic  action  on  the  urine  is  eveo 
weaker  than  tdat  of  the  salicylates  (Sollmana,  1908). 

PREPARATIONS — BEKZOATE 

'Acidum  Btmzaicum  (Add.   Benz.),  U.S.P.,  B.P.,  CJlrCOOH.— Obtained  ffo«^ 
benzoin  by  subHmation,  or  prepared  synthetically.     Coloriess,  lustrous  scales  or  needles; 
odor  resembling  ben/^oin,  add  pungent  taste.     Slightly  sol.  in  water  (i  :37s),  fredy  toL 
in  ale.  (i  :j.3).     Dosf,  0.5  Gm.,  S  gr.,  LT.S.!'.;  0.3  to  1  Gm.,  S  to  rj  gr.,  B.P. 

Troch.  Aiid.  Ben:.,  B.P.— 0.03  Gm.,  tj  gr. 

Ammcn.  Bens.,  U.S.P.,  B.P.,  NfUCjHjO,.— WTiite,  laminar  crvstalline  powder; 
odorless,  or  a  slight  odor  of  benzoic  add,  sahne,  bitter,  afterward  slightly  acrid,  gradu- 
ally  losing  ammonia  on  exposure  to  air.  Sol.  in  water  C'^'o)  or  ale.  (1:35.5);  fredy 
sol.  in  give.  (t:a).     Dosf,  i  Gm.,  i=igr.,  U.S.P.;o.3  to  1  Gm.,  s  to  15  gr.,  B.P. 

"Sodii  Bmsoas  (Sod.  Bcnz.),  U.S.P.,  B.P.,  NaHrCOr— White  powder;  odoriesi; 
sweetish  taste.  Freely  sol.  in  water  (i:  1.8];  sol.  in  ale.  (1:61).  Incompatible  with  adds 
and  iron.     Dose,  i  Gm.,  15  gr.,  U.S,P.;  0.3  to  2  Gm.,  $  to  30  gr.,  B.P. 

Liquor  AnlistpitfHs  Alkalinus,  N.F.- — A  mildly  antiseptic,  alkaline  and  demulcent 
mouth  wash,  containing  about  35  per  cent,  of  glycerin;  3  per  cent,  each  ol  sodium  be&> 
Koair  uii<l  jjutas.  bicarbonate;  0.8  per  cent,  of  sodium  borate;  flavored  with  thymol  and 
aromatic  oils,  and  colored  purplish  ted  with  penioois.  Applied  with  4  to  j  vwonciof 
warm  water. 
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Cinnatmc  add,  CeEi-CH:Cn  -COOH;  Its  soluble  sodium  sail  and  Balsam  of  Peru 
(which  contains  large  quantities  of  cinnamic-bcozyl  ester  and  free  dnnamic  add)  pro- 
duce Icutocy  tosift.  rhty  were  administered  intravenously  by  Lanctcrcr  against  tubercu- 
lous, with  the  idea  of  setting  up  a  toraltzed  inflammatnry  reitctioD  d>oiil  the  tuberculac 
lod,  leading  to  cicatrization.  The  results  have  been  disappointing  and  the  treatment 
hai  already  gone  out  of  fiLshion.  Sodium  Citmamate  (Hctol)  and  its  administration  arc 
described  in  Rep.  Counc.  Pharm.  Chem.,  1911,  p.  60. 

Not  much  is  known  about  tbc  pharmacoEogic  actions  of  dnnainic  add.  Erdmaim 
Ud  Marschand,  1842,  showed  that  it  is  largely  converted  into  benzoic  and  hippuric 
acid.  It  has  no  effect  on  urate  metabolism  (Denis,  iqi;}.  Cinnarric  and  has  been 
propoKd  as  a  food  preservative;  but  the  Cicrman  commUsioa  decided  that  whilst  Its 
tondty  is  low,  its  harmlcssness  has  not  yet  been  sufiidcntly  demonstrated  to  male 
its  use  penoissible  (Ileffter  and  Rubner,  1914). 


SAUCYUC  COMPOUWDS 


^V  Salicylic  acid  (ortho-oxybenzoic  acid,  CftH40HC05H,  1:2)  and  its 

^f  compounds  are  less  antiiieptic  and  much  less  toxic  than  phenol;  but  they 
F  /produce  marked  antipyretic  and  analgesic  effects  and  a  practically  specific 
I  relief  of  the  phenomena  of  acute  articular  rheumatism.  Large  ^crapeu- 
I  l-ic  doses  produce  the  so-called  "toxic"  symptoms  resembling  cinchonism. 
I  TJae  different  compounds  act  qualitatively  similar  but  present  quantitative 
•^JflTercnces.  The  salicylates  are  excreted  by  the  urine,  partly  free  and 
"tJv  combined. 


KT 


^HistoricaL — An  excellent  review  of  the  introduction  of  saUc>'Uc  add  is  furnished  by 
-_  O.  Moore,  1879.  The  entire  literature  to  dale  is  presented  by  Hnnzlik,  1914. 
Sallcrylic  add  was  first  prepared  id  i8j8  by  Piria  from  salicin,  which  had  been  discovered 
**}  *  S37  by  Leroux.  Labours,  in  1R44,  and  Procler,  prepared  the  acid  from  e&ultheria 
**'*-  Kolbc  and  Laulcmarm  produced  salicylic  acid  syntlidically  frum  phenol  in  i86o; 

****^  Kolbc  devised  a  comracrdally  practical  synthetic  proct-sA  in  1874.  He  also  invest!- 
K*t.^^  its  anlifcrmentativc  action.  It  soon  became  thoroughly  established  as  a  surj^ical 
^^'-i^^ptic  {Thiersch,  1875};  antipyretic  (Buess,  1875);  and  antirheumatic  (Strickler, 

^Antiseptic  Action.. — Free  salicylic  acid  is  about  equivalent  to  phenol 
^^^  benzoic  acid;  its  salts,  however,  are  scarcely  antiseptic  (Kolbe,  1874). 
^'^'^  irritant  effects  disqualify  salicylic  acid  as  a  surgical  antiseptic.  It 
^■s  been  used  as  a  food  preservative,  but  it  is  doubtful  whether  tliia 
^Qouild  be  permitted.  Salicylates  have  a  moderate  antiseptic  effect  on 
"*^    urine  (Sollraann,  1908;  Jordan,  1911),  and  may  be  used  for  this  pur- 

^      ^ctiOQ  on  Leucocytes. — Rinz,   1^75,  found  that  these  are  paralyzed  and  killed, 

**>ilar  toquinin  and  many  other  aromatic  derivatives.     Ikcda.  1916,  observed  00  effect 

?  I  he  emigration  of  while  cdls  from  iuflamed  mesentery.     In  mammals,  the  leucocytes 

.  '    the  blood  are  doubled  an  hour  after  the  administration,  but  return  la  normal  in 

'•^o  fcours. 

liocal  Actions  on  Skin. — The  application  of  salicylic  acid  in  substance 

?^.^  strong  solution,  produces  a  slow  and  painless  destruction  of  the  epithe- 

"J^^in.     It  is  used  as  ointment,  2  to  10  per  cent.,  in  itching  skin  diseases 

yirvicaria);  as  lotion,  t  to  2  percent.,  in  alopecia;  as  powdirr,  3  per  cent. 

^^  talc,  against  sweating  feel;  and  in  collodion,  10  to  20  per  cent,  and  plas- 

^^t*  to  soften  corns  and  warts, 

Berkenbosch,  1915,  recommends  a  10  per  cent,  ointment  (spread  thickly)  againsi 
'^  inQammation,  boils  anrf  ec/t-ma. 

BypeneuitiTeness  of  Skin  to  Salicylates.— Sauerland,  1913.  found  that  the  external 

ttioa  (not  the  systemic  adEnini^tratioti}  of  salicyl  preparations  cause  a  gradual 
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dcvcluptncnt  of  |)iT»istcnt  sensitiveness,  leading  to  cruptimu  after  aa  IncubAtion  periorl. 
This  involved  all  parts  of  the  ^kin,  not  only  that  to  which  the  salic>'lBtc  hod  been 
applied.    The  skin  vtas  not  hypcncoMlive  to  other  irritants. 

Local  Actions  on  Mucous  Membranes. — Strong  solutions  cause  coo- 
sideralile  irritation  and  supt'riicial  corrosion.  The  salts  are  free  from  th» 
objection,  and  the  free  acid  is  iht-Tcfore  Utile  employed  internaJly.  Il 
also  wftens  the  enamel  of  the  ieelk  and  should  not  be  used  in  mouth 
washes. 

Salicylates  have  practically  no  effect  on  muscU  or  nent. 

Absorption,  Fate  and  Excretion. — The  salicyl  compounds  are  rapidly 
absorbed  from  mucous  membranes  and  even  from  the  intact  skin.  The 
insoluble  esters  are  sapomiied  and  absorbed  in  the  intestines;  a  part  is 
probably  absorbed  without  decomposition.  In  the  tissues  and  blood  the 
salicyl  exists  probably  as  sodium  salicylate;  high  tensions  of  COj  may 
liberate  free  salicylic  acid.  It  is  excreted  to  some  extent  in  all  the  secre- 
tions (sweat,  Tachau;  only  traces  in  the  feces,  Hanzlik);  but  by  far  the 
larger  part  appears  in  the  urine;  partly  free  and  partly  conjugated. 
The  excretion  begins  mthin  iifteen  minutes,  and  is  practically  completed 
in  six  to  forty-eight  hours.  The  rapid  excretion  explains  the  need  of  large 
and  frequent  doses.    Larger  doses  may  color  the  urine  green. 

Conjugated  Salicylic  Adds  and  Salicyluric  Add. — The  form^  in  which  ialic>'Ul(s 
arc  excreted  by  the  urine  are  slill  iiiqucstiuii.  U.  Mo&3o,iSoo,  estimates  that  raotr  than 
half  is  conjugated;  but  his  methudn  arc  open  (o  doubt.  It  is  gcnrrully  i-tatctl  that  the 
greater  part  combiacs  with  jtlycocoU,  forming  a  compound  analofious  lo  hippunc  add 
and  named  salicyluric  acid  (Bcrtiignim,  1856).  This  is  5U|^>o»cd  to  bo  inactive  in 
rheumali^^m  (Stockmann,  tgoA).  However,  Haozlik,  1916,  failed  to  nnd  such  a 
compouod  in  human  salicyl  urines. 

A  part  o£  the  salicyl  is  excreted  conjugated  with  sulphuric  and  clycuniDic  acids, 
alsoasosysalicylic  acid  (C.  Neubcrj!,  iqii),  and  perhaps  in  other  forms. 

Ahsorvtion  tnnn  the  Alnnentajy  Canal.— Sodium  salic>-lBtc  remains  in  part  for  a 
consiiii-rablo  lime  in  llic  stoiimrli.  The  insoluble  esters  luiss  the  ^tomaLh  rapidly  with- 
out ab^-orption  and  arc  slowly  decomposed  and  absorbed  in  the  intestines  [Hurow, 
iQt  I :  dogit  with  duodenal  ItAtiiln),  Sodium  bulicylule  in  also  absorbed  from  the  reclum 
(Zienasen;  Ma^aol  and  Minet,  igoS) ;  although  not  quite  as  readily  as  by  mouth  fFiedla', 

1905). 

Absorption  from  the  Skio.- — Free  salicylic  acid,  sodium  salicylate,  raethyl  salicyUtf 
and  some  of  the  ullicr  esters,  in  ointments  or  alcoholic  solutions,  are  absorbed  bv  the 
skin,  but  less  r.-tpi!lly  than  by  miiutli  (I'ranrcMhini,  1006;  Schumacher,  igoR;  Sauerlandt 
1913).    The  absorption  by  various  channcb  has  been  studied  by  Lc\'in.  1912. 

Diffusion  through  Colloid  Membranes. — This  is  hastened  by  salicylic  acid  or«odhun 
salicylate  (Oswald,  iQioi  Hanzlik,  11)12).  Salicylic  acid  abo  enters  HvinK  ceUa  whkb 
arc  acnenilly  impermeable  to  olhct  acids  fHarvcy,  1914). 

Distribution  la  Organs. — nianchicr,  1S7Q,  invKtigated  thl«  in  doffs  and  fotind  the 
salicyl  in  the  saliva,  bile.  ccrebro-spinaJ  fluid,  articula lions,  etc.  Ncncki,  1895,  loood 
it  in  the  bile  but  not  in  ihe  gastric  juiie.  FiUppi,  1000,  demonstrated  it  in  the  synovia, 
in  the  brain  and  in  the  spinal  cord.  Vind,  1905, again  contirmcd  itsnrcscncc  in  all  Ofgan 
and  secictjoa^,  but  found  more  in  the  secreting  organs  (kidney,  bver,  gastric  mucon) 
and  in  blood  than  in  other  organs  (spleen  and  muscles).  The  rn'r^'om  system  showed 
the  9alic>'l  reaction  only  after  large  doses.  Olraer  and  Totiau,  1910,  confirmed  ili 
presence  in  ccrebro-spinal  fluid  and  found  its  quantity  there  independent  of  tbc  dote. 
Stockman.  T906,  found  none  in  the  saliva,  traces  in  sweat,  and  ooiMtder^le  in  the  Jolat* 
fluid,  blisters,  bronchial,  mucus  and  pU-ural  effuiiions.  Scott,  Thobum  and  Hon^ik, 
1916,  found  the  percentage  In  joint  fluids  of  rheumatic  p-itients  a  trifle  •smaller  thau 
in  the  blood.  Hofbaucr,  1915,  concludes  that  it  appeori  in  the  sputum  only  uad«r 
certain  rondition-!. 

Distribution  in  Norniftl  and  Infected  Animals. — Bondt  aiul  Jacoby,  1906,  ffouad  the 
concentration  of  the  sidicyl  hislu-gl  in  the  s*-ram,  and  relalivdy  nigh  in  tbeJoioU. 
especially  in  rabbits  infected  with  staphylococcus;  so  that  infected  joints  would  a]>fic*i' 
to    have  a  higher  tdectlvc  afEnity  Tor  salicylaicft.     However,  the    evidc&oe  b  Mi 


r«liocctlier  coavincin^,  as  the  lUta  were  obtuncd  with  very  rough  methods  and  the 
luthon  pmnt  out  that  the  appsrrntly  larger  cjuantity  might  be  due  dimply  to  the 
tercnu  cfiusion. 

Liberstion  of  SalicyUc  Acid  in  the  Tissues. — It  is  gcDcrally  a»Mimt;d,  but  without 
con^'ittdng  proof,  that  the  <jlicyl  exists  in  the  blood  and  tissues  as  sodium  MJicylate. 
Bioz,  1S76  and  1H79,  showed  that  free  carbonic  acid,  if  in  sutficicnt  concentration, 
liberates  salicylic  arid.  The  COj  tension  of  normal  htnod  (about  6  per  cent.)  is  too  low 
for  this;  bat  when  it  rises,  as  in  asphyxia,  free  salicylic  add  can  be  demonstrated. 
Hanziik,  1916,  failed  to  confirm  this  liberation.  In  inflamed  tissues  the  CO^  tension 
mav  be  even  higher  locally,  to  17.5  per  cent.  Other  acids  are  tdso  produced  in  cells 
and  would  aid  the  liberation.  Since  free  salicylic  acid  is  more  active  than  its  sjtlts,  at 
least  as  an  antiseptic,  its  liberation  couLd  explain  tht^rcater  efficiency  of  salicyl  trent- 
m«it  on  the  joJnLs  than  on  the  cardiac  lesions  of  rheumatic  fever.  However,  Scott, 
Thobum  and  Hanzlik,  1916,  failed  to  &nd  any  free  salicylic  add  in  the  joint  fluids 
of  rheumatic  pjilieut;^, 

Bondi  and  Jacoby,  1905,  found  that  the  salicyl  is  precipitated  from  the  serum  with 
the  albumin  by  ammonium  sulphate,  and  they  believe  that  It  forms  labile  compounds 
vitb  serum  albumin  and  polypcptids.  More  liltely,  however,  the  prcci{NtatioD  Is 
nmply  an  adsorption  plicDomrnun. 

Tbaa  of  Bxcntioa  in  Different  Condltioii8.^This  vnies  with  the  preparation,  the 
dose,  and  also  in  dificrcnt  patients.  It  is  possible  that  these  differences  may  partly 
explain  the  variations  in  the  efficiency  and  toxicity  (Fraser,  18S5). 

Normal  Time  of  Excretion,— Blanchicr,  1879,  investigated  this  on  sodium  salicylate,' 
administered  by  mouth.  It  aiipeared  in  the  urine  in  fifteen  to  eighteen  minutes;  with 
doses  of  I  to  I  Gm.  the  ezcreUon  was  completed  in  twenty-two  hours;  with  4  to  5  Cm. 
in  forty-four  hours.  After  continual  administration,  the  excretion  ]>ersisted  from  three 
to  dgbt  days.  In  dogs,  the  excretion  was  relatively  slow;  in  hcrbivora,  somewhat 
outckcr  ibaJi  in  man.  Ehrmann,  tgo?,  found  the  excrcliuu  in  man  completed  in 
torce  to  twelve  hours.  lie  believes  that  the  excretion  is  hastened  by  alkalies,  (iaulier, 
1^13,  reports  the  excretion  as  completed  in  eighteen  to  twenty-six  hour^.  The  excre- 
tion was  not  influenced  by  giWng  sodium  bicarbonate.  It  was  not  parallel  to  the  excre- 
tion 01  mcthylcn  blue,  .\itcr  application  of  a  salicyl  ointment  to  the  skin,  the 
excretion  lasted  two  days  (Schumacher,  1909).  —  -    - 

The  elimination  after  intravenous  injection  has  been  studied  by  F.  Marvdel,  1908. 

Excretion  and  Fate  in  Rheumatic  Fever.— This  averages  about  10  per  cent,  less 
than  in  normal  iodiiiduals;  the  deficit  being  greatest  in  the  first  ten  to  twenty  hours 
of  administration.  It  is  not  due  to  retention,  or  to  differences  of  diuresis,  but  partly 
To  excretion  in  tlie  sweat,  and  chieOy  to  increased  destruction.  The  percentage  of 
-salicyl  in  the  blood  and  urine  at  this  time  is  lilUe  more  than  half  of  that  in  normal 
subjects  iSoott,  Thobum  and  Hanalik,  1916),  Ehrmann,  1907,  claimed  no  differeoce 
between  the  normal  and  rheumatic. 

Purpu*  and  Cbelchowski  report  delayed  cxcrelioo  in  rcm»/  and  drcitiaiory  diseases. 

Time  of  Excretion  of  Salicyl  Esters. — Tlie  excretion  of  Aspirin,  Novaspirin  and  A&pi- 
Xii^hcn  is  about  as  rapid  as  thai  of  sodium  salicylate,  beginning  in  one-baU  hour  and 
fceiDg  completed  in  two  or  three  days;  Salol  and  Salipyrin  are  excreted  more  slowly 
^Block,  1909;  Finczower,  1910). 

QuantitT  of  Salicyl  Recovered. — This  uos  Investigated  for  sodium  <uilic>-latc  by  U. 
3feaso.  it^,  and  for  ethyl  sahcylatc  by  Uondzj'nski,  1^7.  In  each  case  over  90  per 
^Cenl.  of  the  salicyl  win  lecovcri'd  from  lite  urine.  However,  the  methods  give  lugh 
*-aults.  More  recent  investigations  indicate  that  about  30  per  ccnL  is  not  excreted, 
ft>ut  destroyed  (llan/Jik). 

B  Metabolism. — Salicylates  increase  the  elimination  of  nitrogen  (La- 
^ueur,  Brucncckc  and  Crampc,  1912),  especially  in  ihc  form  of  uric  acid; 
"^Jic  latter  is  followed  by  a  compensator)'  decrease  (Kamagawa,  iSqS;  Ulrici, 
X901 ;  Schreiber  and  ^ndy,  1899).  The  increase  of  uric  acid  is  probably 
^ue  partly  to  lessened  destruction,  but  the  uric  acid  concentration  in  the 
V>lDod  is  also  deci^ased,  in  the  same  way  as  with  atophan  (Denis,  1915). 

The  nonnal  non-protein  nitrogen  of  the  blood  is  not  lowered;  but  when 
^bnormaily  high  it  may  be  decreased.     The  crcatin  of  the  blood  is  not 
iftected  (Denis,  1915)-     Gaulier,  1913,  claims  that  the  chloind  excretion 
U  diminished.     Pnosj^te   excretion   is  slightly   increased  (Denis  and 
Cleans,  1916).    There  are  few  definite  data  on  the  respirator)'  metabolism 
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{re\aeWf  S.  Weber,  1904).    Denis  and  Means  found  uncertain  changes 
in  the  basal  metabolism  In  man. 

The  gastric  secretion  is  somewhat  decreased  (Klocman,  19x2);  but 
the  absorption  of  food  is  not  materially  affected.  The  secretion  and 
flow  of  kite  are  somewhat  increased. 

Vrie  Acid. — The  increnscd  elimination  i»  due  (as  with  atophan)  to  increased  ■pet' 
meabtlity  of  the  kidneys  to  uric  acid;  for  the  uric  acid  content  of  the  blood  falls  durins 
ihc  salicyl  administration,  to  resume  its  orifnnul  Il-vc1  wbm  the  salic>'I  is  discontinued. 
In  raan,  6  Gm,  of  sodium  salicylate  may  reduce  the  hloixi  uric  acid  to  one-half  or  one- 
third.  The  etlidcncy  may  be  greater  even  than  with  atophan  (Fine  and  Choce.  1015; 
Frank  and  PietruEla,  tQi4;  Denis,  1915).  The  increajie  of  urate  excretion  may  reach 
30  per  cent.  (Denis  and  Means). 

By  Ic&s  direct  methods,  Ilall,  1004,  and  Rockwood,  1909,  also  reAched  the  coodusioa 
that  the  increased  excretion  of  uric  acid  is  not  due  to  increased  production;  but  ihey 
could  not  exclude  diminished  destruction  of  uric  acid  as  a  factor.  Excised  organs 
iodccd  destroy  uric  acid  more  rapidly  in  the  presence  of  salicylic  add  (Stooko*  and 
jLlorris,  i()07).  Waucomont,  iciii,  concluded  that  salicylates  dei-rea.M  the  urate  and 
purin  excretion  in  experimental  gout.  Gehrig,  1915,  finds  thai  Mlicj'late  and  otbcz 
antipyretics  do  not  prwJuce  Icucocyto^s,  as  was  commonly  believed. 

The  para-  and  meta-isomcrs  do  not  affect  the  uric  acid  excretion  (Denis,  iQij). 

PoslmoTinn  A  utclysis  oj  the  Liwr  is  increased  by  small,  and  decreaJsed  by  Urge  con- 
centrations (Laqueur,  iQis). 

Cholagogue  Aetion.— Salicylates  arc  among  the  few  drugs  which  cause  a  genotne 
increase  of  the  secrcrtinn  of  bile  (I*faff  and  H.ilch,  iRgy;  Oked*,  1915).  Olher  aio- 
matic  products  which  conjugate  with  sulphuric  add  act  similarly  (Petrowa,  iqii). 
Salicylates  have  been  used  in  obstructive  jaundice  and  biliary  colic,  but  it  Is  doubdol 
whether  ihcy  are  of  much  value.  ^^ 

Diabetes  Mellitus. — Salicylates  have  b<-en  credited  with  decreasing  the  output  (i4^| 
sugar  and  the  consumption  of  water  (Ebslein  and  Mueller,  1876;  \'on  NoordcB,  l9i])iS 
but  this  ellkicncy  is  at  best  incunstanl  (Kaufmann,  1903). 

Continued  Administration.— The  e (Tccts  of  continued  moderate  doses  are  important 
because  of  the  use  of  salicylate  as  food  prescr\'ative.     They  have  been  tnvcstint 
by  Wiley,  iyo6,  on  healthy  individuab.     The  drugs  were  adminislered  in  cap>aK« 
tablets  of  o.a  to  3  Gm.jicr  day.     The  appetite,  diRrstion  and  utilization  of  fooct  wai    _ 
first  increased.     This  effect  became  less  apparent  iif  Icr  a  time,  but  the  food  coasumplioaj 
generally  rem.iine<l  above  normal.     Not wilhstan ding  this  increased  Intake,  the 
a  slight  losK  of  body-weight  and  of  nitrogen.     The  excretion  of  phosphates  was 
ished.     The  qu-intily  of  urine  was  not  affected;  there  was  some  tendency  to  album 

Antipyretic  Action. — ^Salicylates  lower  febrile  temperature  energeti- 
cally and  promptly.  The  mechanism  is  probably  similar  to  tliat  oface- 
tanilid,  i.e.,  increased  heat  dissipation  by  cutaneous  dilatation,  aided  by 
perspiration.  In  Ijcalihy  individuals  this  is  compensated  by  increased 
heat  production  so  that  the  normal  temperature  is  not  ea^y  affected. 
Salicylates  may  take  the  place  of  other  antipyretics,  but  tbedr  side  actions 
are  more  disagreeable. 

Kidneys. — Saiicytates  may  have  a  slight  and  inconstant  diuretic  effect 
(Blanchicr,  1879).  Full  doses,  however,  decrease  the  output  nf  urine, 
|>artly  by  diaphoresis,  partly  by  water  retention.  This  is  accompanied 
by  eWdencesof  renal  irritation  (slight  albumin  and  casts)  and  diminished 
renal  permeability  (phthalein  test  and  non-protein  nitrogen  of  blood). 
With  the  ordinary  doses,  these  changes  disappear  rapidly,  and  apparently 
without  permanent  damage,  on  discontinuing  the  administration  (Scott,^ 
Thohnrn  and  ilanirhk,  1916;  Luethje,  1901;  bJiccht,  1904;  t^enstcdt,^^ 
1905;  Khrmann,  1907}.  ^ 

E.  Frey,  1905,  and  Glacsgens,  191 1,  found  that  the  jfoJant  action  could 
be  nrryrnl^d  by  kef  ping  the  urine  alkaliQc;  Ehrmann,  1907,  could  not 
conurm  this;  but  li  would  Iw  well  to  admimsler  alkalies  with  the  salicy- 
Utes  in  the  presence  of  nephritis. 
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Highly  toxic  doses  produce  anatomic  parenchymatous  lesions  (Vinci, 
1905). 

Therapeutic  "Toxic"  Actions. — When  the  dosage  of  salicylates  is  raised 
to  the  full  therapeutic  effect,  there  occur  usually  a  series  of  side  actions 
resembling  cinchonism.  They  consist  tn  nausea  and  vomiting,  ringing  in 
the  ears  and  deafness,  vertigo  and  headache,  mental  dulness  and  confusion, 
diaphoresis,  quickened  pulse  and  deepened  respiration;  rarely  skin  erup- 
tions, albuminuria,  impaired  vision  (de  Schwcimtz,  1895;  Clailrome,  1906), 
and  delirium,  the  latter  especially  in  alcoholic  patients.  All  these  effects 
are  usually  without  danger,  disapixaring  promptly  when  the  drug  is 
discontinued.  Abortion  has  sometimes  occurred,  but  it  is  doubtful 
whether  this  was  due  to  the  drug  or  to  the  disease.  Mattos,  1905,  claims 
an  emmenagogue  action. 

The  nausea  ami  vomUlnj^  are  not  due  to  local  irritation,  except  if  free 
salic^'IIc  add  is  given.  The  salicylates  and  esters  are  not  especially  irri- 
tant; and  if  fractional  doses  are  given,  the  gastric  phenomena  set  In  only 
after  some  hours,  about  the  same  time  as  the  ear  and  other  systemic 
effects.  They  arc  therefore  probably  central.  This  has  been  confirmed  by 
the  direct  method  of  Eggleston  and  Hatcher,  1915.  To  guard  against  the 
liberation  of  salicylic  acid,  it  is  advisable  to  neutralize  the  gastric  acidity 
by  giWng  one  to  two  grams  of  sodium  bicarbonate  with  the  salicylate. 

The  ear  symptoms  are  perhaps  connected  with  congestion  of  the  auditory 
apparatus  (Kirchner,  iS3i;  but  Ilaike,  1904,  believes  these  lesions  to  be 
asphyxlal  artefacts).     The  brain  vessels  are  dilated  (Berezin,  1916). 

Toxic  Dose. — This  has  been  investigated  by  Hanzlik,  1913.  in  over 
500  administrations.     If  the  salicylates  are  administered  in  repeated  doses 
of  about  I  Gm..  one  or  two  hours  apart,  the  "  toxic"  ef!ects  appear  usually 
when  the  total  dose  of  sodium  salicylate  attains  between  7  and  13  Gm., 
100  to  2oogr.;themean  being  about  12  Gm.,  iSogr,    Women  require  about 
four-fifths  of  this  dose.    There  are  no  differences  between  sixteen  and 
seventy-five  years  of  age.     Children  have  a  relatively  high  tolerance,  i.e., 
the  toxic  dose  is  much  higher  than  would  be  calculated  from  their  age 
(.\rdiambault,  1878).     The  dose  is  the  same  for  the  while  and  the  colored 
race.     It  is  not  aJTected  by  the  presence  or  nature  of  disease.    Occasion- 
ally there  arc  unexplained  idiosyncrasies  or  tolerance  (toxic  doses  as  low 
4s  20  and  as  high  as  1,300  gr.).    These  are  usually  only  temporary.    The 
"toxic  dose  of  acetylsalicylic  acid  and  methyl  salicylate  is  about  two-thirds 
that  of  salic>-|-salicyllc  acid  (MacLachlan,  1913)  about  one-half  that  of 
asodium  salicylate.    The  toxic  dose  and  effects  of  strontium  saUc>'late  arc 
"*he  same  as  for  the  sodium  salt  fHUinkenhom,  1916). 

Dangerous  poisoning  by  sodium  salicylate  is  rare;  and  it  is  often difl&- 
«:ult  to  judge  whether  the  effects  attributed  to  the  salicylate  were  not 
tally  due  to  the  disease. 

The  symptoms  are  dcscribcti  us  vomiting,  unconsciousness,  delirium,  dyfipnca  and 
:acd  resplrfttion  (Quincke,  1RS2),  fait  oF  temperature,  ar>-thmia,  albuminuria, 
.,  Collapse,  asph>'xial  convu1sioi\s  (Pctcrsun,  if<77;  Wi-ckcrliiip.  1H-7;  .■Vllairc.  1870; 
i,  1Q05).  Sicird  and  Mear,-L,  1915,  attribute  a  case  of  fiino-auriciilar  block,  with 
standstill  of  the  entire  heart,  to  salicylate.  'y\icj<il-ii  dme  h  stated  as  5  to  12  Cm.; 
\iui  mu.st  be  very  variiible,  even  severe  cases  ending  generally  in  recovery.  The  autopsy 
*  n  Quincke's  case  showed  hyperemia  of  the  brain  and  its  membraues,  of  the  kidneys 
'^od  iung«,  and  pericardial  eccbymoses. 

Acidosis. — Quincke  called  attention  to  the  resemblance  of  serious  salicylate  poison- 
ing to  diabetic  coma.  t.anKtncad,  iqo6.  and  Lees,  igo8,  emphasize  this  lesemblance  in 
cmldren,  and  describe  the  occurrence  of  acetone  even  after  relatively  small  doses  of 
taticylatcs.    The  acetonuria  is  probably  often  due  to  the  associated  conditions  of  the 
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disease  rather  than  to  the  s&IIcylatc;  but  it  h  advis&ble  to  follow  their  susgestioa  to 
administer  <>odium  bicarbonate  for  prophylaxis  and  treatment  of  any  addosts. 

Toxic  Effects  In  Animals. — These  are  similnr  to  (hose  in  man.  The  respiration  is 
dftcpcned  ard  labored,  first  quickened,  then  stowed  to  final  asphy:da  with  codvuImohe. 
Thc  blood  prc:isurc  rLics  at  first,  then  falls  severely;  the  puUe  is  inconstanL  The 
intracranial  vessels  arc  constricteil  (Wiechow&ki,  i<>02}.  There  h  general  coUapse  and 
sometimes  paralyses.  The  heart  stops  with  the  respiration.  Tbc  autopsy  ahow*  the 
same  coriKcstions  as  in  man  (Koehler,  iS^fi;  l>is<'ilW,  iSyy;  Blanchier,  1879;  Quincke, 
t68j}.  The  toxicity  is  tow,  tbc  fatal  dose  per  vein  for  docs  beios  about  i  Gm.  per 
Iciloi^ram.  Methyl  anri  ethyl  sallcyUitcs  intravenously  prxMluce  pulmoDory  edema Iqr 
injuring  the  capillary  walls. 

Therapeutic  Effects  in  Rheumatic  Fever  and  Rheumatic  Tonsillitis. — 
The  proper  adniiiuslration  of  salicylates  controls  the  manifestations  of 
Ihis  disease  in  a  most  remarkable  manner  In  nearly  all  typiiral  cases — 
so  unifurmly  that  failure  throws  iusptcion  on  the  diaguosis:  the  pain  and 
fever  disappear;  the  local  inflammation,  the  immobility,  swelling  and  red- 
ness subside;  the  general  condition  of  the  patient  is  v-astly  improved; 
and  the  disease  is  under  complete  control  in  one  to  at  most  five  days. 
These  benefits  last  only  so  long  as  the  patient  is  kept  salic>-lated  and 
relapses  occur  when  this  is  discontinued.  According  to  statistics,  the 
total  duration  of  the  disease,  as  judged  by  the  stay  in  the  hospital,  is  not 
affected  (J.  L.  Miller,  1914). 

The  rheumatic  cardiac  lesions  are  not  relieved  directly  (Vulpian,  1S80). 
Indirectly  the  salicylate  treatment  doubtless  has  an  important  tendency 
in  this  direction  by  favoring  rest  and  avoiding  the  extra  tax  of  fever,  pain 
and  insomnia. 

Efficiency  in  Related  Conditions. — Salicylates  arc  much  less  certain 
in  atypical  subacute,  chronic,  and  muscular  rheumatism,  lumbago, 
etc.,  although  they  usually  have  some  analgesic  effect.  In  acute  gout 
Ihey  are  often  quite  effective  (Vulpian,  1880).  They  arc  notably  incffi- 
denl  in  scarlatinal  and  gonorrheal  arthritis  (G.  Si*c,  1877;  Stockman,  1906). 
They  are  also  used  in  headache,  neuralgias,  sciatica,  lat)es  and  otlicr  similar 
pains,  but  mth  inconstant  results.  In  chorea  it  is  difficult  to  prove  any 
benefits. 


Respoose  in  Different  Afiections. — In  the  routine  statistics  of  Uajultk.  1 
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133  ca&es  of  rheumatic  fever,  salicylates  gave  complete  relief  in  8}  per  cent., 
reltef  in  16.5  [ler  cent.,  and  failed  in  only  t.5  per  cent.  In  subacute  rhcuniatiiBi, 
thirty  caae*.  it  gave  comnlctc  relief  in  53  per  cent.;  partial  in  30  per  ceoL;  failures  to  17 
per  cent.  In  sciatica,  eleven  cases,  it  did  nut  give  complete  relief  in  any,  failed  cam- 
pletely  in  37  per  cent.,  and  afforded  partial  relief  in  73  per  cent. 

Mechanism  of  Action. — This  has  been  attributed  to  the  general  anal- 
gesic effect ;  and  lo  a  si>ecific  germicidal  action  on  the  hypothetic  organisms 
of  rheumatic  fever.  The  present  data  do  not  suffice  to  esublish  either 
of  these  views. 

The  enormous  doses  which  are  required;  the  small  efficiency  of  other 
antipyretics  and  analgesics;  the  rebtive  ineflidency  of  the  salicylates  in 
other  forms  of  arthritis — all  these  facts  point  to  a  specific  action  on 
infecting  agent. 

Against  this  view  speak  the  prompt  recurrence  of  the  symptoms 
the  salicylate  is  discontinued  and  the  future  to  prevent  the  cardiac 
infection.    In  rabbits,  the  prophylactic  use  of  salicv'l  does  not  prevmii 
even  influence  arthritis  from  intravenous  injection  of  rheumatic  hcmol] 
streptococci  (Miller,  1914;  Da\-is,  1915);  but  this  is  not  conclusiv'e  sit 
the  etiology  has  not  been  established,  and  the  administration  is  vi 
differeuL     The  analgesic  explanation  is  based  on  the  limited  efficiency* 
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salicylates  in  other  painful  conditions  (Laborde,  1877;  Vulpian,  1880); 
and  on  the  effect  of  other  analge^cs  in  rheumatic  fever. 

Administration. — For  internal  use,  the  free  salicylic  acid  is  too  irritant. 
The  sodium  salicylate  is  the  most  commonly  used,  notwithstanding  its 
lawkish,  nauseant  taste.    This  may  be  partly  disguised  by  gi\ing  the 
it  in  carbonated  water,  or  flavoring  with  peppermint  or  wintcrgrecn 
ter.    The  direct  gastric  irritation  is  avoided  by  adding  an  equal  or 
double  quantity  of  sodium  bicarbonate. 

To  be  effective  in  acute  rheumatism,  large  doses  must  be  administered: 
•I  10  1.3  Gm,  (15  tfl  20  gr.)  should  be  given  every  hour  until  ''toxic" 
symptoms  (tinnitus,  nausea,  etc.)  set  in.  The  administration  should  then 
be  sloppt'd  for  twelve  hours.  After  this,  i  Gm.  (15  gr.)  should  be  given 
every  four  hours  for  several  weeks,  keeping  the  patient  in  bed  as  long  as 
possible.  As  a  prophylactic  treatment,  1  Gm.  (15  gr.)  may  be  given  three 
limes  a  day  for  a  week  in  every  month.  If  the  sodium  salicylate  is  not 
tolerated,  oil  of  gaultheria  or  aspirin  may  he.  substituted.  Oil  of  gaul- 
iheria  also  gives  some  relief  when  applied  externally  lo  the  afTccLed  joints. 

Uypodtrmk  injectioHS  arc  u&ed  hy  Scihert,  tqii,  10  cc  of  20  per  cent,  sodium 
nllcyUtc  iRT  100  pounds  of  body- weight,  every  twelve  houm;  to  avoid  pain,  cocnin  may 
be  injected  before.  R.  T.  Williams,  ioi,{,  usc^  it  intramuKularlv,  R  percent.,  ti-ith  but 
Utile  pain.  Considering  the  prompt  absorption,  tbcsc  special  methods  arc  usually 
Ki|wruunus. 

Rftlal  AdmiHistralion. — Thi&  is  preferred  by  Heyo,  1914,  u  being  more  prompt  and 
leu  lUsigrct-ahtc.  He  gives  a  cleansing  MMip-sud  enrmn.  W^lien  it  hns  taken  efTect, 
it  is  (ollowej  by  the  sabcylatc  through  a  rectal  lube,  inserted  6  to  8  inches.  The  first 
dOM  is  of  S  to  1 1  Gm.  for  men,  6  Gm.  for  women,  in  150  cc.  of  water  or  ihin  slarcb, 
with  I  c.c.  of  Tr.  Opii.  It  may  be  repeated  in  twelve  hours,  but  usually  one  enenui  per 
diy  ^uflkes.    Salicyl  appears  in  the  urine  within  fifteen  to  thirty  minutes. 

In  vrry  severe  cases,  the  intravfnoiis  injeciitm  of  Huttiiim  ^licylate  may  be  juslifini 
(Mendel,  1905,  190S).  Conner,  IQ14,  used  it,  with  a  ^n1all  needle  to  avoid  thrombo^in, 
in  dowsof  i  to  3  Cm.,  cver>-  eight  lo  twelve  hours.  Cernadus,  1915,  advises  a  solution 
roolaimog  }o  per  cent,  of  sodium  salicylate  and  i  p«r  cent.  catTein  ;  injecting  this 
daily,  at  fint  6  c.c,  increasing  to  10  c.c.  The  relief  is  more  prompt,  and  00  bad 
effecta  have  b«cn  reffort»l;  but  it  would  not  be  justifiable  as  a  routine  mea£Ute. 

"Katural"  and  Synthetic  Salicylates. — It  is  often  stated  that  the  syn- 
thetic sodium  salicylate,  owing  to  the  presence  of  supposed  impurities, 
is  more  toxic  and  le^  efficient  than  that  prepared  from  oil  of  winlergreen 
or  Lirch.  Tbe  evidence  for  this  view,  which  has  been  fostered  mainly  by 
>it.^rc5ted  manufacturers,  can  not  stand  critical  examination.  There  need 
be  no  hesitation  in  employing  the  much  more  economical  synthetic  prod- 
*»ct  (Rep.  Counc.  Pharm.  Chcm.,  1913;  J.A.M.A.,  61:  979). 

The  litcraiure  of  the  subject  and  its  uncritical  status  have  been  fully  discussed  by 

~gglestoB,  1912.     Various  impurities  have  been  announced  in  synthetic  salicylates, 

^C^^vially  cre^olic  acid-;,  phenol,  para-hydrox)  benzoic  acid,  and  hydroxy-tsophLhalic 

Sl?^«  but  the  evidence  for  their  presence  is  not  convincing.     However  this  may  be, 

^'pwt,  1913,  showed  that  at  the  present  time  even  the  cheapest  commercial  samples 

^'^  "^iiiie  as  pure  a.s  the  most  expensive.     W.idi!cl!.  igii.  proved  that   the  effects  of 

^^unl  lad  synthetic  salicylates  on  animals  are  quantitatively  alike;  and  the  coOpera* 

i*^^  dinical  test*.,  iii'^tituted  by  the  Counc.  Pharm.  and  Chrm.,  arranged  so  as  to  exclude 

p    bits,  showed  that  their  effects  on  patients  arc  indistinguishable  (Hewlett,  191J). 

*  Practice,  it  is  almost  imjiossible  to  be  certain  of  their  source,  ^ncc  the  oils  of  winlet- 
P**tt  or  birch  are  very  often  adulterated,  beginning  at  the  still. 

Rditioa  of  Constitution  to  Specific  Anti-rheumatic  Action. — Phenol,  C»HfOH, 

*  ^ftiile  inactive,  licnzoic  acid,  C*IU-C0.1I,  h.i.i  a  limited  efiiciency.  The  OH  and 
^tH  grou^  are  both  necessary,  and  must  be  in  the  ortho  position  to  obtain  the  full 
™ciency.  Deriv.-»ilve*  which  can  be  converted  inio  salicylii:  add  in  the  organium  are 
^''^ivc,  io  proportion  to  the  ease  of  their  conversion;  but  if  the  H  of  either  ^roup  is 
V^V  combined  (as  in  methyl  salicylic  acid,  C«Ht-CO]H-OCHi, and  in  salicylunc  acid), 
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tbcy  arc  iimcLive.     The  introduction  of  addilional  groups  into  the  benzol  nucleus,  u 
In  the  cr^otinic  .icids,  dors  Qot  disturb  the  action  (May,  1909;  Stockman,  191  j). 

Cresotinic  Acids. ^Tlicse  were  at  one  time  blamed  for  iht-  reputed  liigher  tondty  of 
synthetic  salicylate*.  In  fact,  however,  they  act  verj-  similarly  and  have  about  the  same 
tOJcidt)*  a3  salicylic  add  (R.  May,  1909;  Stoclunan,  1890,  1909  and  1911;  WaddcS, 
191 1).  They  bsve  a  similar  spccilk  effect  in  rheumatic  fever,  although  they  are  some- 
what  inferior.  'Iliey  have  even  been  used  therapeutically  in  doses  up  to  8  Gm.  (Biui. 
1876;  Galti,  1879;  neoirae.  188$).  The  res«ml>lance  is  explained  by  their  cberaical 
structure,  L\n4'OH  CO^HCK,;  vith  the  OH  and  CUtH  In  ortho  position.  ^H 

Isomers  of  Salicylic  Acid.— Mcta-  and  para- hydroxy  1>enzoic  aciu»,  vr)iich  differ  'ffii^^l 
salicylic  acid  only  in  the  fjo^ition  of  the  side-chains,  are  practically  inactive  and  noi^^' 
toxic.  The  clHciency  therefore  dcpcndii  on  the  adjucenl  position  ul  the  OH  and  CO|H 
groups.  The  cause  of  this  has  not  been  cxDloincd.  .Another  diUcrence  is.  that 
&iomer»  are  excreted  in  uimbination  with  sulphuric  add  instead  of  glycocoll. 
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*Acidum  Saticylicum  (.\cid.  Salicyl).,  II.S.P.,  B.P.;  Salic>4(c  Add  (Ortbo-hydroijr- 
benzoic  acid),  CWI^OIi-COOII.  Prepared  synthetically  from  nbcnol;  or  by  saponi- 
fication of  methyl  salicylate  (oil  of  birch).  White,  light  crj-stallinc  powder  or  needles, 
odorless  or  with  f.iint  odor  of  winlergreen,  of  sweetish,  then  acrid  taste.  Slightly  jol. 
in  water  (1:460);  freely  sol.  in  ale.  [1:2.7)  or  cth.  Dose,  0.75  Cim.,  la  gr.,  U.S.P., 
0.3  to  1.3  Gm.,  5  to  30  gr.,  H.P. 

l/itjf.  Acid.  Salicy!.,  B.P. — 7  per  cent,  in  Paraffin  Ointment. 

Ammon.  S<iiicyl.,  U.S.P.,  NHiCiHsOi.— Resemijlcs  Sod.  Salicyl.  Freely  soL  in 
water  (1:1)  or  ale.  (1 13].    Dase.  0.5  Gm.,  8  gr.,  U.S.P. 

* Sffdii SaUcyUts  (Sod.  Salicyl.),  U.S.P.,  B.P.;  Sodium  Salicylate,  NaCiH^O^—While 
amoqihous  or  c-r>'stallinc  powder  or  5c;des,  or  not  more  than  faint  pinlc  tinge,  odorless, 
or  disagreeably  sweet  saline  taste.  Vcr^-  sol.  in  water  (1:0.9),  freely  »ol.  in  ale.  (la^-i). 
Ineompatibie  with  adds,  iron  !UiJt<t,  iodid.s  spirit  of  nitrous  ether  and  quinin. 
I  Cm.,  15  gr.,  U.S.P.;  0.6  to  2  Gm.,  10  io  30  gr.,  IJ.P. 

StrofU.  Salicyl.,  U.S.P.,  Sr(CiH»0,j,  +  311,0.— Resembles  Sod.  SaHcyL     Sol. 
water  (i:ig)  or  ale  (1:61).     Dose,  1  Gm.,  15  gr.,  U.S.P. 

SAUCYL  DERIVATIVES 

To  avoid  the  disagreeable  taste  and  gastric  symptoms  of  salicylates, 
esters  and  similar  compounds  have  been  inlroduceu,  which  are  more  or 
less  insoluble,  and  in  which  ihi:  sahc\-]  radical  is  bound  so  as  tu  be  liberated 
only  in  the  intestine  or  after  absorption.  These  compounds  have  little 
or  no  direct  action  on  the  stomach,  but  they  do  not  avoid  thy  n^useqi  and 
vomiting  (Hauziik,  11)13;  ilacLachlan,  1913),  since  these  are  probably 
central.  In  this  respect  they  are  therefore  not  superior  to  sodium  salicy- 
late, which  also  does  not  produce  direct  gastric  irritation,  if  properly 
guarded  by  bicarbonate.  The  taste  is  materially  improved,  but  this  ad- 
vantage scarcely  balances  their  liigh  cost.  The  alkyl  esters  (methyl 
salicylate)  are  more  efficienily  absorbed  from  the  skin  and  arc  therefore 
better  for  externa!  use.  The  acyl  derivatives  (acetyl  salicylic  acid) 
possess  a  higher  analgesic  and  antipyretic  action  and  ha\'e  therefore  a 
special  field.  The  salols  contain  active  phenols  wlucfa  adapt  them  to  intes- 
tinal antisepsis.    These  compounds  may  be  arranged  under  three  t>'pcs: 

I.  Replacement  of  the  H  oC  the  Hydroxyl  by  Acyl  Radicals. — To  this  type  bdong: 
Acetyl  salicylic  acid  (aspirin),  <JtH(-0(COCHit,)-COOIl,' and  the  correqiOBdiog  1 

>  Krumichtsldt,  1914,  KoaitAan  Um  comet  formats  of  aeetiMklicrIk  add  asi 
CiHOJ^COiH 
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pounds  of  salicylic  acid  with  methylcnc-citric  acid  {Nowispirin);  with  salicylic  add 
{Difilosiii);  aod  \vith  auccinic  acid  {Diaspirin). 

a.  Replacement  of  the  H  of  the  Carboxyl  by  Alkyl  IUdicals.-'Methyl  salicylate, 
C«H*  UHCOi(CHi),  and  the  oorrespondinj,'  salicyl  t-stcrs  of  ethyl  {Sal.  Ethyl);  of 
metbuzy  methyl  (m«£"/an);  and  uf  munuglycol  {spirosal). 

3.  RepUcement  of  the  H  of  the  Caiboxyl  by  Phenyl  Radicals.— Phenyl  salicylate 
isotol),  CiHfOH-COi{C*Hi),  and  the  corre*ponding  saiicyl  esters  of  naphthol  (bOtil); 
of  guaiacol;  and  of  acetparamidophcnol  {saiapheti). 

To  these  may  be  added  saJicin,  from  which  saJic>-lic  acid  is  formed  in  the  orf^ani^ni. 

Only  a  few  of  these  derivatives  need  be  conaiderixl  in  any  detail;  the  others  which 
are  acceptable  are  described  in  N'.N.R. 

Percentage  of  Solicyl  in  Various  Derivatives. — 100  part:s  of  sodium  salicylate  => 
■8$.6  parts  of  salicylic  add  =>  100  of  sodium  salitrylntc;  joo  pArls  of  methyl  salicylate  » 
-90.7  parts  of  salicylic  acid  «  106  of  sodium  salicylate;  100  parts  of  acetyl  salicylic  acid 

=  77  parts  of  salicylic  acid  =  Sg  uf  sndium  salicylate;  100  parts  of  saiicyl  salicylic  aud  ™ 

106.}  parts  of  salicylic  add  —  134  of  sodium  salicylate. 
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Saikinum  (Salido.).  U.S.P.,  B.P.,  CuHisOT.^Colorleas,  silky,  shining,  crystalline 
les  or  a  white,  cr>'slaHine  powder;  odurlfss,  and  having  a  very  bitter  taste.  Sol. 
"^aa  water  (1:23.3)  or  ale.  (1:88.5).  Dose,  i  Um.,  15  gr.,  U.S.P.;o.3  to  1.2  Gm.;  5  to  30 
,*r.,  B,P.,  in  solution  or  wafers. 

Salidn  occurs  in  willow  bark,  which  wait  used  ss  antipyretic  in  antiquity.  It  also 
■^occurs  in  poplar  barlt.  It  was  introduced  against  rheumatic  fever  by  .Maclagnn,  1876, 
-^)o  the  basis  of  the  farcied  resemblance  to  m:\laria.  It  is  inferior  to  the  salicylates,  be- 
■^aiue  its  conversion  is  often  incomplete.  Salicia  is  a  gtucosid.  yieldicK  on  hydrolysis 
— w/ijmin,  CeH((On)CHiOH;  this  in  turn  is  oxidixed  to  salicylic  acid  (Nencki,  1S70), 
~\a\  a  port  is  cxcTcted  unchanged.  Saliun  yields  45  per  cent,  of  salicylic  add,  and  is 
lUreforc  at  most  half  as  eilective. 

ACETYLSALICYLIC  ACID  (ASPIRIW) 

This  was  introduced  by  Dreser,  iSgg.  It  was  supposed  that  it  would 
pass  unchanged  through  the  stomach,  thus  avoiding  gastric  irritation; 
and  that  the  salicylic  acid  would  be  liberated  in  the  intestine.  In  fact, 
however,  it  produces  some  gastric  irritation  (Roch)  and  the  intestinal 
decomposition  is  slow  and  incomplete,  a  pari-  being  absorbed  unchanged; 
but  the  salicylic  acid  is  completely  liberated  before  excretion  (Bondi  and 
K.atz,  191  l).  Acetyl  salicylic  acid  ts  about  one  and  one-half  times  as 
toxic  as  sodium  salicylate  in  man  (HanzIIk,  1913);  about  twice  as  toxic 
in  animals  (Chistcni  and  Lapresa).  In  man  even  small  doses  (0.3  to  0.65 
Gm.,  5  to  10  gr.)  occaiJonally  produce  alarming  symptoms,  especially 
acute  local  or  general  edema  of  the  skin  and  mucous  membranes,  urticaria, 
erjThema,  pruritus,  etc.  (Graham,  Morgan,  Gilbert,  1911;  Krause,  1914; 
literature  of  side  actions,  Seifert,  Nebenwirk.,  1915,  p.  ti).  The  effects 
ofpoisonous doses  in  animals  arc  similar  toother  salicylates  {Block,  1909). 
These  side  effects  make  this  drug  inferior  to  sodium  salicylate  in  rheumatic 
fe%"cr.  It  has,  however,  stronger  analgesic  and  antipyretic  actions, 
even  in  non-rheumalic  affections,  perhaps  because  the  undecomposed 
acetyl  corapoimd  enters  the  nerve  cells  more  readily.  It  is  used  exten- 
avely  in  colds,  influenza  and  other  fevers;  and  in  neuralgias,  headaches, 
tabes,  and  other  pains,  in  tablets  or  capsules  of  0.3  Gm.,  5  gr. 

PREPARATIONS — ACETVLSAUCYLIC     ACID 

*Acidum  ArdylsalkylUitm  (Add.  Acctyltsal.),  B.P.,  N.N.R.;  Aspirin;  CtHvO- 
(CHiCO)COOH.— White,  ccystaUinc,  odorless  powder  of  sour  taste.     Slightly  so). 
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in  water  (i;too),  freely  sol.  in  ale.  (1:5).     tn(-ompatihle  with  moisture  aod 
Dose,  0.3  to  1  Um.,  s  10  13  gr.,  B.P.,  in  povdcr,  tablets  orcapiuIcK.     Afaxi'mum 
I  Gm.,  15  gr.    It  forms  soluble  >alts  with  calcium  (Bcrckc,  J9i2;Lcwiii,  191a}  and 
facxametliylvnamm  (Puckner,  igi^);  but  these  are  unstable. 

Diploml,  N.N'.K.,  is  tostclcvS  aod  fields  otie-haI(  more  ftUicylic  add  thas  ssptrin 
Rnd  iinp-fourth  more  Ihan  MMlium  salicylate — a  matter  whirh  is  easily  fomj»ensatcd  by 
the  dose,  la  toxicity  in  man  is  twice  that  of  sodium  salicylate  ^MacLachlan,  19)^;. 
Ilii  very  resistant  to  gastric  juice,  but  is  rapidly  saponified  by  the  duodenal  secretion 
(Tocco,  IQ12). 

Hovaspirin,  N.X.R.,  is  said  to  be  less  powcrfol  than  a^fMrin,  and  tete  liable  to  prodooe 
UQpleasAnC  side  cffiTCta  (Kocrner,  iqioj,  perhaps  liecjiuw  it  has  not  been  uwd  as 
extensively.  The  literature  of  its  side  actioos  is  given  by  Scifcit,  Neboiwirk-. 
>9'5.  P-  25- 

METHYL  SALICYLATE 


This  acts  somewhat  more  slowly,  but  otherwise  as  efficiently  as  sodium 
salicylate;  the  "  toxic"  dose  being  about  two-thirds  01  that  of  the  sodium 
salt..  It  is  for  the  most  part  saponified  in  the  inl('«;tinc,  but  some  may- 
be absorbed  unchanged  (Baas).  It  avoids  the  disagreeable  taste,  but  is 
more  irritant  to  the  stomach.  The  synthetic  ester  is  said  to  cause  less 
irritation  than  the  natural  oiU.  It  may  be  given  internally  in  extem- 
poraneous capsules,  in  the  same  way  as  sodium  salicylate;  or  cxtemaUy, 
generally  diluted  with  i  or  2  parts  of  olive  oil  and  painted  over  the  afTccted 
region.  This  is  sometimes  more  effective  than  the  internal  use,  e^>edaUy 
in  muscular  rheumatism.  Fatal  polsooing  by  methyl  salicylate  is  rare 
but  has  been  reported  (Nerthney,  1903),  especially  from  its  use  as  aborti- 
facient.  An  ounce  is  usually  fatal,  with  convulsions,  cotna»  gastritis  and 
congestion  of  the  kidneys  (Finkham,  1887). 

Ethyl  salicylate  is  leas  irritant  aod  half  as  toxic  (Hou^loo,  1905).  Spiracal  h 
used  exlernally  being  non-irritant  and  ca»ly  absorbed  (Impens,  1907;  Uteraturr. 
Seifert,  Nebrnwirk.,  1915,  p.  33). 

Mesotan  was  introduced  by  Buret,  1902.  It  is  deooraposed  by  water  into  salicylic 
add,  fornuJdehyd  and  methyl  alcohol.     It  is  used  extcxDalfy,  but  has  caused  dermatitis. 

PRKPARATIOSS — SIETHYL     SAUCYl^TE 

•Methyl  Salkylas  (Methyl.  Salicyl.),  U.S.P.,  H.P.;  OUum  Btiuia  (OL    Ben 
U.S.P.;  OUumGauUberiff  [0\.  Gaulth.).  U.S.P.,  B.P.;  Methyl  Salicylate;  Oil  ot  Si 
Birch;   Oil    of    C.aulthrria  (Winterjtrecn),   CHi-CtHiOi- — Produced    «yot)ieticaDy  or 
obtaiiied  by  di^tillalion  from  Claulthcria  procumbeiu  or  Irom  Bctula  Lcntii.     A 
less,  yeUowtsh  or  reddish  liquid;  cbitmcterititic  odor  and  ta.sle  of  gaulthena. 
spaiingly  sol.  in  water;  soT.  in  all  profMirlinns  in  ale.     Dint,  0.75  ex.,  la  minims,  ~ 
0.3  to  I  C.C.,  5  to  15  minims,  B.P.    Maximum  dote,  3  c.c,  30  minima- 
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PHENYL  SALICYLATE 

Salol  was  introduced  by  Nencki,  1886.  Being  insoluble,  it  passes  the 
stomach  practically  unchanged;  but  is  gradually  decomposea  into  Its 
oomponents,  40  per  cent,  of  phenol  and  60  per  cent,  of  salicylic  add,  in 
the  intestine,  by  the  saponifying  action  of  the  alkali,  pancreatic  lipase 
and  putrefactive  bacteria.  This  a\-oids  the  taste  of  the  components  and 
the  local  gastric  action;  and  since  the  decomposition  is  gradual,  the  local 
intestinal  action  is  less  violent  but  more  prolonged,  and  the  toxicity  is 
materially  lessened.  This  "Nencki's  salol  principle"  has  been  extensively 
applied  in  the  form  of  other  phenolic  esters,  /./.,  guaiacol  carbonate,  to 
mitigate  the  taste,  local  actions  and  toxicity  of  other  active  phenols  or 
aci<h. 


ATOPHAN 


505 


Therapeutic  Uses. — Salol  proper  has  scarcely  fulfilled  the  original 
expectations.    T!ie  loxicily  of  the  phenol  limits  the  dosage,  and  its  ab- 
sorption is  so  slow  that  it  is  practically  inferior  to  the  other  salicyl  com- 
pounds in  rheumatism  or  as  urinary  antiseptic  (Sollmann.  1908).    The 
phenol  component  was  thought  to  be  valuable  as  intestinal  antiseptic, 
«^>ecially  in  infantile  diarrhea;  but  the  decomposition  is  so  slow  and  the 
i       ff^bsorption  of  the  phenol  50  rapid  that  effective  quanlities  could  scarcely 
I        crome  into  action.    The  clinical  and  experimental  e\'idence  is  not  con- 
clusive (Harris,  1912).     As  a  wound  antiseptic  it  would  be  valueless  be- 
cause it  is  not  decomposed  by  wound  secretions  and  only  very  slowly  by 

I  bActcria.  Its  use  in  tooth  powders  has  caused  eczema  of  the  lips  (Hugen- 
^chmidt,  1907).  Perhaps  its  main  value  is  as  a  coating  for  "enteric  pills," 
^.«.,  pill  masses  which  are  intended  to  pass  the  stomach  unchanged  (/.i., 
ijxrcac  in  dysentery).  Tt  must  be  remembered  that  a  coating  sufficiently 
b^ravy  to  be  effective  introduces  large  doses  of  salol. 

DMomposition  and  Antiseptic  Action. — Salol  is  also  decomposed  to  a  flight  extent 

in     the  mo'Jth  and  stomach  by  bailt-ria  (Lcsnik,,  1887).     It  is  split  by  humBii  milk,  so 

ti»a.t  its  administratioD  to  nursinfi  infants  may  cause  Raflric  irritation  (Usencr,  nju). 

iCs   soponilkatioQ  by  pancreatic  ferments  and  alkalies  is  very  slow  and  incomplete, 

j        insufficient  to  prevent  putrefaction  even  in  te<!t-tube  experiments;  it  i*  inferior  to 

.        sociiora  sttliVylate  or  bismuth  subnitrnte  (SoUmanR.  1908}.     Its  anliMptic  action  on  the 

'        l»t^»od  is  also  Might.     A  part  escape*  decomposiliun  in  the  intestines  and  jws^cs  un- 

II  changed  into  the  feces — 5  to  8  per  cent,  in  the  ctpcrimcnt*  o(  Bon<iz>'Ttslti  and  llum- 
I  niclci,  i9og;  but  doubtless  often  much  more.  If  given  in  capsules,  it  mav  be  found  in 
9  ifee  feces  as  crystals,  "salol  calculi"  (Brow.ird,  1807).  formed  bv  the  partial  fuMon  and 
I  rctrTA-^tBllizationof  (hesnlol  l,Q.  R.  Marshall,  1897).  It  should  tncrcforc be  admintBlcrcd 
^^^  •«tl>div»dcd  as  emulsion  or  with  indifferent  powders. 
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•fAmy/M  Salkyias  (Phenyl.  Sal.),  U.S.P.;  5aW,  B.P..  CiH,COH)COOC*Hi.— 
•''nite  cryslBlline  powder,  o(  faint  aromatic  odor  and  taate.  Very  fJighUy  sol.  in  water 
(1:6,670);  freely  sol.  in  ale.  (i:A);  very  sol.  in  fised  ot  volatile  oils.  Dose,  0.3  Gm., 
IS^-.  U.S.P.;  0.3  to  i.s  Gm.,  5  to  jo  gr..  B.P.,  in  powders,  generally  with  bismuth. 
Eternally,  as  5  per  cent,  ointment.     Maximum  doie,  2  Cm.,  30  gr. 

t^HEIfTL-QtJINOLIN-CARBOXYLIC  OR  PHENYt-CINCHOmNIC  ACID 

lATOPHAN) 

The  formula  of  this  substance  (CsHftN-CsHs-COOH,  2:4)  shows  its 
Nation  to  quinolin  and  salicylic  acid.  It  has  the  antipyretic  actions  of 
<lui.nolin,  and  like  salicylic  acid  it  ts  analf^eslc,  anlirheumatic,  and  in- 
cre^.se3  the  excretion  of  uric  acid.  In  the  last  respect  it  is  much  more 
'"'^cieTit  than  any  other  drug.  It  was  prepared  by  Doebner  and  Gieseckcj 
*^7  ;  and  introduced  by  Nicolaier  and  Dohrn,  1908,  for  the  treatment  of 

Effect  on  Uric  Acid  Elimination. — The  excretion  of  uric  acid  is  greatly 
released,  sometimes  more  than  doubled  by  therapeutic  doses,  even  on 
i  puritt-frec   diet.     The    increased    excretion    begins  within    an    hour 
^V^imum  in  three  hours)  and  lasts  only  so  long  as  the  drug  is  continued; 
Md  is  followed  by  a  compensatory  decrease  (Haskins,  1915).    With 
coatinwd  administration,  the  uric  acid  returns  to  norma!  after  one  or 
rto  (laj-s,  unless  the  diet  contains  purins.     The  mechanism  of  this  action 
is  pfDtobly  renal.    The  increase  of  uric  acid  is  often  so  great  that  it  pre- 
dp**4tes  in  the  urine  before  il  is  passed.     Indeed,  atophan  apparently 
iQitri«ts  ft-ilh  the  urale-solvcnt  action  of  the  urine  (Haskins,  1916). 
Hk  urine  \%  of  a  dark  color,  due  to  urochrom  (Sk<H'czcwski,  1912). 
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In  other  respects,  its  composition  and  quantity  are  not  notatily 
changed.  The  leucocytes  of  the  blood  are  also  tinaltered.  The  uric 
acid  of  the  blood  is  diminished  by  the  increased  excretion  (Folio  and  Ly- 
man, 1913;  Mcl.,ester,  IQ13),  but  soon  reaches  an  irreducible  mini- 
mum; there  being  no  further  lowering  even  if  the  administration  is  con- 
tinued forty-five  days.  When  the  adminif^tration  is  stopped,  the  initial 
concentration  is  restored  mthin  two  to  four  days  (Fine  and  Chace,  1914; 
Frank  and  PiL-truUa,  1914).  The  effects  on  the  blood  were  also  studied 
by  Base,  1914. 

Other  Chuues  in  the  Uiine.— Skorczcwski  and  Sohn,  1913,  found  an  increuc  o( 
purin  bafves  antl  of  neulral  sulphur  (pftrallel  to  the  urochrom;  Skorczewski,  1913); 
retention  of  chlorids  antl  the  diazo-reaction.  I-'romhcrx.  iqi3,  did  not  find  the  uric 
add  increased  in  dogs;  but  Starkcti<;lriii,  ton.  reixiris  increase  in  rfibbits  and  do({s 
with  diminisbcd  allontoin.  Schittcnhclm  and  Ullmann.  iqij,  found  no  increase  of 
allantoin,  but  higher  total  N  excrcliun  in  dox5,  Bibcrfcid,  1913,  found  no  increase  in 
purin  bases,  but  increase  of  phosphates  in  dog;s.  McLe«ter,  1013.  finds  an  increase 
ID  the  quantity  of  urine  and  of  total  nitroRcn.  Eisner,  1915,  reports  the  excretion  of 
cblorid  and  total  nitrogen  as  often  dimioishcd.  l{cnal-funct5on  tests  gave  inconstaiit 
results. 

The  creatin  content  of  the  Iiloorl  is  not  decreased  (Denis.  lOis)-  In  birds,  the  uric 
acid  i^  decreased.     The  atoplian  iuelf  ii  oxidized  in  the  benzol  nucleus  (Dohrn,  1913). 

Mechanism  of  Action. — Tliis  liu^  been  attributed  to  increA»ed  destruction  of  nuclco- 
protcins  (Sturkcnstcin,  iqii;  Schlttcnhcini  and  Ullmann;  ReLzlafl,  1913);  to  incrcaued 
elimlnative  activity  of  the  kidneys  for  uric  acid  (WViulriiud;  Bauch,  igii;  Folin  and 
Lymaj),  igty.  Fine  and  Chocc,  1914);  to  conversion  o(  adsorbed  into  filtrable  uric 
acid  (Frank  and  Ptetrulla,  1014);  to  an  intestinal  actian  (Ahl);  and  to  increased  forma- 
tion of  uric  acid  by  le^senerl  oridation  of  its  purin  and  nudcin  precursors;  perhapi  as 
the  result  of  its  raorc  rapid  elimination  CDohrn;  Frank  and  l'ror.cdborT>ki;  Slcorcseindu, 
1912).  The  curve  of  excrclion — temporary  increa.se  followed  by  compentalor>'  dfr- 
crease — ^and  the  lowering  of  the  uric  acid  concentration  of  the  blood  indirate  increased 
elimination  uf  uric  ucid  already  present  in  the  bodv.  Wnotraud.  and  Frank  and  Pic- 
tniUa,  1014,  find  tJiat  uric  adii  injecicd  into  the  blood  is  exr rctni  more  rapidly.  The 
urate  excretion  is  not  increased  by  atophan  in  kidney  disease  {Fine  and  Cboce,  19151. 
The  absence  of  Increased  phosphate  ehminatian  speaks  against  destruction  of  oucleo- 
proteins.  The  decrease  of  allantoin  indicates  diminished  destruction  of  uric  acid  in 
onitnols,  but  this  might  be  di^er^nt  in  man.  In  surviving  organs,  atophan  does  not 
lessen  the  destruction  of  uric  acid  (Slarkcnstein). 

Other  Actioos.— Large  doses  produce  convulsions,  paralysis  and  coma.  Intravenous 
injection,  in  rabbiu,  is  mllowed  by  gtimulalion  of  the  vagus  and  vowimotor  cenun; 
these,  as  also  the  respiratory  center,  ;trc  finally  dqjrt-sscd.  The  pupils  are  constricted, 
even  after  atropin.  Atophan  also  prevents  asphyxial  and  puncture  glycosuria,  and 
diminishes  mustard  chcmosis.  It  lowers  temperature,  even  in  normal  rabbits.  TbewE 
actions  resemble  caldum  (Stark enstcin  and  \Vircho«i-ski,  1914). 

Atophan  inhibits  completely  the  emigration  of  lettcocyies  in  the  in&amod  frog's  mc»- 
entery,  and  exhibits  in  this  respect  a  potentiated  synergism  with  quinin  (Tkedo,  tgi6). 

Therapeutic  Uses.— The  mobilization  of  uric  acid  was  supposed  to  be 
useful  in  gout  by  removing  it  from  the  blood  and  by  dissoUing  the  tophi. 
The  uric  acid  and  the  non-protein  nitroReii  of  the  blood  are  in  fact  lowered 
by  it  (Folin  and  Lyman,  1915).  Zuelzer,  191 1,  states  that  the  increase 
01  urate  excretion  in  gout  is  more  marked  and  prolonged  than  in  health. 
Feulgen,  1912,  claim.s  that  the  tophi  are  actually  decreased,  al  least  in 
some  cases.  Clinically,  however,  atophan  is  much  less  efficient  in  chronic 
gout  than  in  the  acute  attacks  and  tn  non-uratlc  joint  affections.  This 
throws  some  doubt  on  the  uric  acid  explanation,  and  makes  it  probable 
that  atophan  acts  ^milarly  to  saUc>i,  perhaps  as  a  specific  analgesic. 
In  agreement  with  this,  Kiemperer,  1913,  found  derivatiN'es  which  bck 
the  uratic  action  equally  efficient  clinically.  In  acute  gout,  it  causes 
prompt  subsidence  of  the  pain  and  swelling.  In  rheumatic  fever  it  aim 
acts  promptly,  similar  but  somewhat  inferior  tosalicyl;butit  issoroetiiiics 
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effective  when  salicylates  fail  (Oetler,  1912).    The  same  applies  to  other 
joint  affections. 

Side  Actions.— The  predpilalion  of  uric  acid  contraindicates  its  use 

in  urate  calculism.    It  is  generally  free  from  other  unpleasant  effects,  even 

in  large  doses;  but  occasionally  it  produces  vertigo,  complete  anorexia, 

cardiac  distress  (Loening,  1913)  and  purpura!,  urticarial  and  scarlaiini- 

form   skin  eruptions  and  fevers   (Mueller;  Phillips;  Herrick,  1913;  Ma- 

rafion,  1914). 

■        Admmistration. — ^The  dosage  of  atophan  is  from  0.5  to  i  Gm.,  8  to 

ns  P"*!  Ihree  or  four  times  a  day;  or  0.5  Gm.  ever\'  hour  for  six  doses; 

suspended  in  large  quantities  of  water.     To  prevent  the  precipitation  of 

urates  in  the  urine,  Weintraud  advises  the  administration  of  15  Gm.,  ^^ 

ounce,  of  sodium  bicarbonate  (or  its  equivalent  of  acetate  or  citrate) 

on  the  first  day,  and  5  to  10  Gm.  on  the  succeeding  days.     In  gout,  the 

diet  should  be  purin-frec. 

PREPARATIONS ATOPHAN 

MnViifd  PkfnylcutckoHiHicum  (Acid.  Phenylcinch.),  U.S. P.  (Alophan;  Phcnyl- 
quluolm  carboxylic  add),  C»U(  ■  CilIiN -(COOH). — Small  colorless  needles  or  whita 
po%vdcr;  odorlcrss;  bitter  taste.  Alraost  insol.  in  water;  slightly  sol.  ia  ale  {1:135); 
sol.  in  alkalies.     Dose,  0.5  riiti.,  8  j;r.,  U.S.P. 

ymatofkan. — Thb  is  aa  etbyl-metbyl  ester  oE  atophan.  It  has  the  trifling  ad- 
v&nuge  01  being  practically  tasteless,  Imt  s«ms  to  be  sliylitly  less  elTeclive  (Hasliins, 
19>  j}-    Other  related  comp<]unds  have  been  investigated  by  licpcDS,  1912. 


Qunnc  ACID 

This  Is  he3tahydro-lctraoxy-ben2oic  add.*  It  occurs  in  cinchona  bark,  coffee  and 
Tiany  oiher  pUntfi.  In  man  (ulso  id  rabbitii,  rot  in  dofpi;  Stadelmann,  iSjtj)  it  is  largely 
transformed  into  bciuoic  add  and  excreted  as  hippuric  add  (Lautcmann,  1S63;. 
Vciss,  tSi)t),  daimrd  that  it  lessened  the  formation  uf  uric  add  and  that  it  had  a  bene- 
fid*!  eSect  upon  gout.  Decreased  urate  elimination  was  also  claimed  by  rocrstcr. 
(900.  Several  observers  reported  rlinical  bi'nchts,  ami  various  compounds  were  placed 
«i  the  mariceL  {nrosin,  aiaon-jl,  ckinolropiH,  etc.).  Further  oI>?er\'alion»,  however, 
ibowre^l  the  effects  lo  be  inconstant  (Delucamp,  lyoi)  or  rather  nt^i^alive  (Hupfcr.  i 
^''ta.viU  And  (lies,  Kfoy,  Waucomoni,  t<>ii}.  Denis,  iQ^S.  found  neither  increaa 
"f^le  cUminatiun  nor  decrease  o(  the  urate  content  of  the  blood. 
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SACCHARIN,  BENZOSULPHINID  OR  OLDSID 

General  Statement — This  substance,  also  sold  under  many  other 
*t»^e  names,  has  the  formula,  CJtl.SOaCONH,  and  is  the  anhydrid 
^   orlho-sulphamide-ljenzoic  acid   (the  para-isomer  is  not  sweet).    In 
oxtttnon  wilh  a  number  of  other  benzol  derivatives,  it  has  an  intensely 
rtwet  taste,  even  in  ver\'  dilute  solutions.     It  passes  through  the  body 
■ioiosl  quantitatively  unchanged,  75  to  rjo  per  cent,  being  excreted  by 
^  urine  within  twenty-four  hours,  and  the  remainder  in  the  feces. 
Consequently  it  has  a  verj-  low  toxicity.     Small  doses,  up  to  0.3  Gm.  per 
^y\  continued  for  months,  produced  no  deleterious  effects,  so  far  as  ascer- 
tainable by  available  methods  of  investigation.    Large  doses,  0.75  to 
t-SOra.  per  day,  are  also  practically  harmless,  except  for  occasional  minor 
^urbances  of^ digestion  (Herter  and  Folin,  1911).     Single  doses  of  5  Gm. 
«ve  l*cca  given  without  much  effect  (Adduco  and  Mosso,  1887). 

Oses.— Saccharin  is  used  as  a  substitute  for  sugar  in  diabetes  (tablets 
wo.03  Gm.,  J'^  gr.  =  an  ordinary  lump  of  sugar);  as  flavoring  a.gent  and 

■Oiumciidd*C*Ki<OH)4COOK-|-HfO. 
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adulterani  of  sweet  foods;  and  as  a  mild  antiseptic  in  fermentative  dyspep- 
sia (0.2  Gm.,  3  gr.,  several  limes  daily).  Saccharin  itsttU  is  but  HtUe 
soluble  in  water,  but  its  sodium  salt  "solubU  saccharin"  dissolves  readily. 
It  may  be  prepared  by  adding  }4  part  of  sodium  bicarbonate. 


i 


Sweetening  Power. — This  is  about  500  times  as  greac  as  thai  of  cane  sugar. 
perceptible  in  dilutions  of  1:100,000;  1:10,000  is  agreeably  i>weel;  with  i:t,ooo  it 
becomes  bitter  and  disaRrccablc.  Even  with  the  mure  dilute  snlutiuns  the  quality  of 
the  taste  h  somewhat  ditiferent  from  sugar  and  on  continued  u&e  the  perustent  swcctiww 
becomes  very  obiecUonable. 

Sheets  of  ContiDued  Use. — Long -continued  and  detailed  inve^tiKations  were 
made  for  the  Referco  Hoard  by  llerterand  Fnlin,  igii;  Herter  administered  the  iiodium 
Mlt,  Folin  the  free  saccharin,  in  "small"  doses  to  0.3  Gm.  per  day,  and  " Urge "  dotes  of 
0.75  to  1.5  Cm.,  ct)rrcs(jondinB  in  sweetening  i>ower  to  150  Gm.  and  10575  to  750  Gm. 
of  cane  sugar  respectively.  The  small  dases  produced  no  discoverable  eSects  whate\'er. 
The  taiKC  do&es  were  nUo  negative  as  tu  jttrlalw!hm  (li>t;il  nitrogen,  ammonia,  uric  acid, 
creatinin,  sulphur — except  that  of  the  saccharin — chlorids^  acidity  and  pho^i-^'i"-*' 
The  kidntys  were  not  affected  (no  diuresis  or  sediments).  There  were  nognt- ' 
toms  Of  b'loiKl  changes.  The  rfi|«iit<f/iiw:((oiM  were  alw  generally  una(fect< . 
and  Kcrctor>-  functions  of  the  stomach,  bulk  of  feces,  ctc.^  even  in  patients  with  tiy^t- 
or  hypo-chlorhydria;  but  occasionully  ihcie  tvaS  slight  hyperacidity  und  indicatiunt  of 
Blight  increase  of  intestinal  putrefaction  (urinary  oxy-acitls,  indican,  fecal  lijS.  skatol, 
indol  and  acidity.  The  fecal  gas  flora  remained  unchaiigeil).  fn  vitro,  the  efhcicncy 
of  all  the  digestive  ferments  was  not  altered  by  the  concentrations  which  might  occur 
in  the  body  (except  by  the  aciditv  of  free  saccharin,  a  factor  which  had  been  neglected 
in  some  of  the  earlier  investiftaCinn^;  Rlegler,  li^s;  Matthews  and  McGuigan,  IQ05). 
The  tintisfpiic  action  was  very  stight. 

The  older  literature  contains  repnrtt  of  digestive  and  other  duutders  (Bonutein, 
iQOo),  especially  after  continued  u&c  (v.Jaltsch);  but  these  observations  were  not  made 
with  ti»e  same  degree  of  accuracy. 

The  toxicity  for  ininutls  is  very  low  (.\dduco  and  Mo^so,,  1S87).  Matthewi  and 
McOuigan  uljscrved  depression,  stupor,  convuHmu  and  nephritic  Herter,admini:iter' 
iog  soluble  saccharin  to  rabbits  by  stomach,  found  no  effects  with  4  to  j  Gm.  i>ef  kflo- 
pram;  doiihle  this  do^c  was  fatal  in  two  hours,  the  autoiisy  showing  \-iolcnt  gai-tro- 
Intestinal  irrilaliun. 

Use  of  Saccharin  in  Foods.— The  precedinfi;  inve.stIgat)ons  show  that 
no  serious  damage  need  be  apprehended  from  the  quantities  of  saccharin 
which  would  ordinarily  be  used.  Larger  quantities,  however,  lend  lo 
produce  minor  derangements,  which  could  perhaps  become  more  accen- 
tuated in  pathologic  conditions.  For  this  reason,  and  because  saccharin 
has  no  food  value,  its  indiscriminate  use  as  a  mere  sweetening  agent 
should  be  condemned,  except  in  cases  in  which  sugar  is  inadmis^le. 


PREPA3t,\TI0NS — SACCHA&IN 
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•  BmsoiulpkiHiilum  {Benzosulphlnid.).  U.S  P.;  CluiiJum,  B.P.  (Sacchana), 
C«H*  SO- L'UNIl.  the  anhydrid  of  orthosulpha mid o- benzoic  acid. — Whiter  crystaJliM 
powder;  odorless,  or  having  a  faint,  aromatic  odor,  and  intensely  sweet  ta^tc  in  dilate 
lolution.  Slightly  sol.  in  water  (1:135);  sol.  in  ale.  {i:3i);ea^ly'sol.in  alkalies.  D«a^ 
0.3  Gm.,  J  gr.,  U.S. P. 

Si'dii  llrnio%ulphin'nitim  (Sod.  Bcnzosulphin.),  U.S. P.  (Sodium-Siaccharia),  . 
XSO]  4-  ilUO. — Colorless  prisms,  or  white,  crjitaUinc  powder;  odortcasi 
sweet  taste.     Dose,  0.2  Cm.,  3  gr.,  U.S.P. 


di 


METHYLTHIONIN  HYDROCHLORID  OR  METHYLENE  BLUE 


This  dye  (tetramethyl-lhionin  hydrochlorid)  was  introduced  on 
basis  of  its  selective  coloring  power,  under  the  belief  that  this  Imj 
equally  selective  actions.     The  expectations  were  disap|3ointing.     It  ts 
of  rather  doubtful  value  as  an  analgesic  in  neuralgia,  neurites,  sciaticm; 
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as  antizymotic  and  antipyretic  in  malaria;  as  antiseptic  in  cystitis, 
urethritis,  conjuncti\iti5  and  skin  diseases;  and  as  a  test  for  kidney  func- 
tion.   It  colors  the  urine  green  or  blue  (also  the  sweat;  Tachau,  1911). 

Urinar;  Antiaaeds. — Methylene  blue  (1:150,000)  h  antUepUc  for  nurc  cultures; 
but  it  is  a  slow  and  weak  germicide  and  practically  inactive  in  the  Icycoiorm,  in  which 
it  in  excreted  in  the  urine.  In  doH^  o{  0.4  to  a.d  Gm.,  four  limes  daily  for  several  days, 
it  perhaps  is  of  some  use  in  staphylococcus  cystitis;  but  usele&s  In  urethritis  (Hiiunan, 

To^  Acttoos. — Therapeutic  doses  sometimes  cause  slight  veucal  or  gastro'intcs- 
timl  irritation  (Setfert,  Ncbcnwirlc.,  1915,  p.  24);  but  its  toxicity  is  very  low,  the  fatal 
do«e  lor  dciRS  i^xceediog  1  Gm.  per  kilogram.  lu  continued  use  is  ako  harmless  (Tan* 
filjcfT.  1907).  H>*podermicany,  il  may  produce  ulcers  and  abscesses.  Intravenously, 
it    rabes  the  blood  pressure  bv  a  cardiac  action  (Garfounkel  and  Gautrelet,  1913). 

Fate. — Methylene  blue  it  ai^tributed  tlirough  all  the  tissues  (localizatioa  m  kicmeys, 
G-  D.  Shofer,  1908),  but  It  is  rapidly  reduced  to  colorless  leuco-compoands.  These 
ax^  oodUEed  when  the  tissue*  are  exposed  to  air  (Herler,  tgoi)  or  in  contact  with  hydro- 
gen, peioxid,  thus  restoring  the  blue  color.  U  is  excreted  in  the  urine  and  feces  [traces 
ir»  ihc  sweat  and  sputum),  partly  unchanged  and  iHirlty  as  "methylene  azure." 
T~he  latter  is  .il^o  present  in  mcnfcinal  methylene  blue,  being  formed  from  it  by  .tikalies, 
B«  *  th  eiist  in  a  colored  and  colorless  (reduced)  form  In  the  urine  (Undcrhill  and  Closson. 
«005).  This  is  therefore  rendered  more  blue  by  oxidizing  afjcnts  eipecially  in  acid 
restction;  and  paler  bv  reducing  agents  (dextrose,  etc.). 

"Teit  of  Kidney  FiuctJon. — o.oj  to  0.%  Gm.   are  injected    hvpodermically.     The 

lion  begins  normally  between  fifteen  to  twenty-five  minutes.     Indigocarmin  C4 

-C.  of  4  per  rent.,  hypodermic ully)  1ia«  also  been  used;  as  well  as  phlnrhizin.     The  usc- 

Tulnos  oi  Lhcse  tests  ts  much  more  limited  than  that  of  the  phenolsulphonephtbalehi 

lest, 

PKEPARATIONS — METHYLENE  BLtJE 

Mttkylthionlna  Chiaridnm  (MelhyUhiimin.  Chlor.),  U.S.P.  [Methylene  Blue; 
TetruiicihyHhionin  ChtoridJ.—iVo/  to  be  confused  u-ilk  mfihyi  bluet  A  dark  green, 
o>%tallise  powder,  or  prismatic  crj-stals  Imving  a  bron2«-Ukc  luster,  I-'reel)'  sol.  in 
"Uter  and  ale.  Dose,  0.15  Gm.,  a^  gr.,  U.S.P,  Externally,  0.5  per  cent,  solution  00 
mucous  membranes.  3  per  cent,  on  skm, 

S«dn  J ndi^ptindhttt ptu'tuii  (S<td.  Inrli^otm.),  U,S.P.  (Indigo  carmin), — -Blue  [wwder 
or  pule,  sparingly  sol.  in  water;  tnsol,  in  ale.  Used  for  coloring  Uichlarid  Poison 
Tahleta. 

OTHER  COAL-TAR  DYES 

,        These  share  the  general  properties  of  the  aromatic  group,     A  number  are  discussed 

w  other  connections,  f.j.,  fuchsui,  scarlet  red,  trypan  red,  etc.     Basic  dycstuffs  may  be- 

CocQc  voluaUe  urinarj'  anti&cptics,  but  have  not  bcvn  sultidcntly  woiketl  out  (Ifinman, 

5915].    Meth>-1  violet  (Pyolctanioum  Cocrulcuro)is  used  as  an  antiseptic  (Sdlling,  1890) 

*a  I  to  .1:10,000  soIuIImh  or  2  per  cent,  ointment.     Murtiui  ytlltnif  resembles  cocain  in 

totidtyand  in  some  of  its  actions  (.A.  P.  Mathews  and  Longfdlovr,  igio).     Add  dyes 

^  Seocnlly  mucli  lests  toxic  than  biisic.     The  prrt^J/itthn  of  dy<s  into  rdts  presents  very 

W*»tating  problems  (A.  P.  Mathe\'.'s,  igio).     Basic  dye*  diminish,  acid  dj-es  increase 

"■*  imbibitKin  o(  gelatin.     Tim  may  be  a  factor  in  the  penetration,  but  is  not  a  complete 

*<¥^aadaa  (Traube  and  Koehler,  iqis).     The  Wtat  staining  and  ihe  toxicity  of  add 

^  basic  dyes  are  not  parallel  ( llocber,  1914).     The  addition  of  dyes  to  other  pojsooi 

"^modifies  their  toxicity  (S^llei,  191}) 

Pyes  getieraliy  are  excr'riai  more  rapidly  by  the  bile  than  by  the  urine,  no  nulter 
"■jdmmistered  tSatant  and  Bengis,  1916). 

nnamcein,  X.N'.R,  (KesordQMphthalein),  the  anhydrid  of  (luorescrinic  acid,  in 
"'fona  of  its  soluble  potassium  or  sodium  salt  (Uranin)  is  used  for  its  peculiar  staining 
J^c^ot  Che  oornea  and  conjunctiva,  to  reveal  epithelial  injur>'.  Thi&  wits  discovered 
PrOdidi,  iS8a,  and  introduced  by  llambergcr.  1909.  A  1  per  cent,  solution  dropped 
■*•  the  eye  docs  not  stain  normal  tissues,  but  produces  beautiful  yellow  and  green 
^  td  any  abraded  parts  or  ulcerations  about  foreign  bodies,  etc  Given  by  mouth, 
1^  vbole  t>ody  becomes  oi  a  jaundice  color,  which  disappears  in  tn-cnty-four  hours. 
*'*ilMHhe  normal  eye  iii  not  colored,  the  dye  b«;ing  retained  in  T-hc  pnAlerior  chamber; 
'■'Ja  the  presence  of  intraocular  dfacasc,  ^aucoma,  iritis,  etc.,  the  aqueous  humor  is 
olmtA  bright  green  in  about  twenty  minutes,  thus  ciGTerenliating  these  diseases  from 
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conJuDCti\*iti£  m  which  there  h  nn  coloraliun.     The  dtue  by  mouth  lor  adults  b  5  to  6 
Gm.,  for  chilUteo  1.5  to  2  Gm.,  in  water.     This  presents  no  dariRcr. 

Renal  function  test. — This  is  described  by  Strauss,  1913,  Sod.  nuorescein.  1  Gm. 
in  a  cup  of  tea,  is  given  od  an  empty  stomach.  Kormally,  it  appears  in  the  urine  Owst 
seen  wnen  aikaitoe)  in  ten  to  twenty  minutes,  and  lasts  thirty-fi^'C  to  forty  houn. 
In  renal  disease,  it  appears  later  und  \asls  longer.  The  skin  may  be  stained  slight!)' 
yellow,  but  there  are  no  other  side  effects. 

Eosin.— Rust,  1915,  found  its  oral  administration  batmlna  in  man  and  onitnal*. 

Basic  Fuchsin  (Grueblcr),  para-rosanilin  acetate,  was  advL^ed  by  May.  tgi  3,  tzA 
Donnelly,  igt4,  a:>  a  lotion  or  ointment  (i  per  cent.  I  for  ulcers  and  burns.  It  15  »ntiwp- 
tic,  non-irril;int.  non-toxic,  and  sKtvn&  to  cncourafre  epilhelial  growth  and  graouUtioa. 
The  color  may  be  removed  from  the  akin  by  alcohol. 

Gentian  ^^olet.— This  combines  a  relatively  hish  toxicity  to  bacteria  with  a  law 
toxicity  to  higher  ti^^oues.  Ru»set,  1Q14,  ffir  instance,  found  that  tissue  cultures  are  not 
injured  by  concentrations  which  kill  bacteria.  It  is  practically  ine9ec(i%'c  against 
tetanus,  however  (Hull  andTaber,  1914);  rabies,  etc.,  also  showed  poor  tuccess  (Church- 
man, 1914). 

Fluorescent  Substances. — V.  Tappciner  nnd  Raub  (1Q03)  ha^-e  foum)  the  QuorcS' 
cent  substances  are  very*  destructive  to  all  forms  of  life,  and  al»o  to  ferments  and  tannt; 
but  that  the  effects  uppcur  only  in  the  presence  of  the  sjieciric  light  ray^  «^hich  indnoe 
the  fluorescence  (Review,  Tappeiner,  1909).  Toxin«  are  very  susi^pUble  to  fluorescence 
(Noguchi,  1906). 


MISCELLANEOUS  ANTISEPTICS 

FORMALDEHYD 

General  Statement. — The  aldehyds  react  chemically  with  an  excep- 
tionally large  number  and  variety  of  organic  substances,  amongst  otbera- 
with  proteins.  This  probably  explains  their  actions  (Licbrcich,  1S93). 
Formaldchyd,  IICHO,  especially  is  very  strongly  germicidal  and  is  largely 
used  as  a  disinfectant.  It  hardens  the  tissues  on  local  contact  and  thus- 
produces  irritation,  especially  of  mucous  membranes.  Its  systemic  toxicity 
IS  relatively  low. 

Formaldehyd  is  a  colorless,  irritant  gas,  prepared  by  the  oxidation  of 
methyl  alcohol.  It  is  freely  soluble  in  water,  and  is  found  on  the  market 
in  the  form  of  a  40  per  cent,  solution  {Formaiin).^  The  solutions  tend 
gradually  to  become  inactive  by  the  fornjation  of  the  insoluble,  polymeric, 
trioxymethylen  orparaform,  (HCHO)),  especially  on  heating,  but  sotne- 
what  also  on  standing.  The  latter  may  be  prevented  by  chemic  mcaDS-4 
(calcium  salts,  methyl  alcohol).  Trioxymethylen  again  yields  formalde*  j 
hyd  by  dry  heat. 

Formaldehyd  is  converted  into  hexametbylenamin  by  atnmonia  or   '*-. 
ammonium  salts. 

Other  Aldehyds.— Aldehyds  conLtin  the  CIIO  f^rnup  linked  with  orfcantc  rsdiolt.  -^ 

Acctaldchyd  and  paraldchyd  ,\rc  ^.^mcwhat  antiseptic,  but  more  markedly  narootk.    - 
This  mircolic  action  is  opt.'cLally  prominirnt  in  irichloroldchyd  (chloral). 

AcrcUin.  CIIiCHCIIO.  rcbuItinR  frum  tVie  decompoAitum  of  glycerin  by  cxcoMvr-^ 
heat.ishi^hlvirritatinjtandbut  little  antiseptic  (Fraeokel,  .\rzneimitlcl-synth.,  pL  6»llt.  - 
Historical. — Formaldehyd  was  decovcrcd  by  von  Hoffmann,  1S67;  its  anttscntk:  ^ 
action  by  Loew  and  Fisciier.  tAfl6.  Aron.<wn,  1^94,  <ihrtwed  that  it  also  destroys  tonjo.  — - 
Recurtion  of  Formaldehyd  with  Proteins.— Formaldehyd  enters  into  ntfaer  pecaBar"^ 
comncvumls,  which  are  pretipiiiiied  under  •.uil.-ible  conditions,  from  which  the  tta — ■ 
tnaldchyd  and  the  ori^nal  proteins  may  be  completely  regenerated  under  other  coo — ' 
dilions.  The  literature  to  1897  is  given  by  Benedicrnti.  With  albumos^es  (SoUraxBS..^ 
looi)  and  presumably  with  other  proteins  the  compound  contains  definite  propMtioHw  ' 
of  formaldehyd,  albumosc  and  ulkaJi.     It  is  prccii«tated  in  weakly  alkaline  ^ulioM^   ; 

■  In  mi^tn8  *olutioni  of  a^veti  KtmiiilK  it  U  therefore  n«<x«ury  to  t»k«  tH  umcaaa  lawck^ 
tfa«  oommcrciiu  •olutioa  w  would  b«  rsquired  of  abvolutc  fornwldchrd. 
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dilBolved  vithout  decomposition  by  stronger  alkalies,  and  is  decomposed,  or  iu  forma- 
doD  prevented,  by  weak  acids  and  by  cxccfA  of  neutral  salts.  Eveo  under  ihe  most 
lavonable  conditions  the  combination  is  completed  slowly.  !t  is  hastened  by  incrcxied 
CDDCcolriition  o(  formaldehyd,  protein  or  ulkalinity,  and  bv  heal.  (Tbis  CA^mbiniition 
k$»  abo  been  investigated  by  Scbryver,  igii).  The  precipitate  al&o  contains  a  furtber 
qtunticy  of  fornuildebyd  mechaoically. 

OdMT  Chemic  Actions. — Formaldehyd  retards  or  prrwHii  llu  coasuIal'iPti  and  span- 
lanoMff  laklng  of  shot  blood,  when  added  in  the  proportion  of  t  :  300  to  400.  Vric  acid 
aid  Hrain  are  dissolved,  or  their  precipitation  is  prevented,  by  the  formation  of  soluble 
compounds.     Vfea,  on  ihe  other  hand,  forms  an  insoluble  compound  with  formaldehyd. 

Digestive  Fennents.^Tbc  di^ejtibiiity  uf  t'ibrin  and  the  coagulability  of  casein  are 
diminbhcd.  Form.ddchyd  also  lessens  the  acti\-ity  of  aataXzi  Jernunts,  namely,  papain, 
uypiin.  ptyalin,  and  amylopsin;  whilst  pepein,  rcnnin,  and  inalt  diastase  arc  but  Utile 
altered. 

Antiseptic  Action. — FormaidchyrI  is  one  of  the  most  powerful  disin- 
fectants, of  relatively  high  penetrating  power,  harmless  lo  metals,  fabrics 
and  colors  and  of  relatively  low  toxicity.  On  account  of  its  irritant 
effects,  its  use  on  the  body  is  inadvisable.  It  is  employed  particularly 
for  the  disinfection  of  rooms  and  excreta. 

^H  Antiseptic  Efficiency. — Formaldebyd  is  very  much  more  effective  as  an  antiseptic 

^H  titan  afi  a  germicide.  Its  acli\ity  varies  for  ditlerent  organisms.  Typhoid  bacilli.,  with 
^H  oposureof  twenty-four  hours,  are  killed  by  t  1  6000,  completely  restramcd  by  1  :  16,000' 
^P  partly  restrained  by  i :  30,000.  i :  40.000  is  practically  ineffective  (flyman,  1914);  all 
I  tbe  concentrations  refer  to  absolute  HCHO.     Solutions  of  H  to  2  W  per  cent,  destroy  all 

bacteria,  spores  and  toxins,  in  six  to  in-entv-four  hours.  The  gas  is  similarly  antiseptic, 
opedallv  when  it  is  moist.  The  activity  is  increased  by  acids,  presumably  by  prevent- 
ing combination  with  the  proteins  of  ibe  medium.  (Further  details,  J.  F.  Anderson, 
1897,  Hyg.  Bull.,  39;  Hinman,  1913.) 

Practical  Application. — Ftxts  are  mixed  with  10  per  cent,  of  the  commercial  solu- 
tion. This  destroy-s  the  odor  almost  immedi;ilely,  but  to  in<iure  complete  disinfeciion, 
Ibey  should  be  left  in  contact  for  an  hour.     Tuberctdar  sputum  should  be  disinfected  with 

I 5  per  cent-  nf  the  comnicnrtal  solution  (or  an  hour.     InslrumciUs  and  other  articles  may 

^K    be  placed  in  i  ■-.•  to  5  per  cent,  scdntions  of  formalin. 

^H  Tbe  Disinfection  m  Rooms. — ^Formaldehyd  vapor  i$  the  most  effective  disinfectant 

^H  «k|{aiait  infectious  diseases.     It  has  little  penetrative  power;  and  docs  not  destroy  mos- 
^B  quitoea  or  other  insects,  and  is  therefore  inferior  to  sulphur  dioxid  against  malaria  or 
^^  jncUow  fever  (McClintock.  etc.,  1911}.     The  formaldehyd  vapor  may  be  generated  by 
Apcaai  apparatus  involving  tbe  incomplete  combustion  uf  methyl  alcohol  or  tbe  vaporiza- 
tion ol  trion'methylen. 

Perhaps  the  most  coovciucnt  cfTcclivc  method  of  evolving  tbe  gas  is  by  prrmanganale 

(Ootn  and  Raubitschek,  igo?);  for  a  room  of  2,000  cubic  feet,  3  pounds  of  potassium 

permanganate  are  placed  in  a  3-gallon  pail  and  this  is  set  in  a  large  tin  can  containing 

•'o-tei.    When  everj-thing  is  reaily,  ;  quarts  of  40  per  cent,  formaldebyd  <ire  poured  on 

j**^  permang-inalc,  the  room  is  vacated  iramcdiatcly  and  left  closed  for  at  least  twelve 

'**ajni  then  lhi>roiit;bly  aired  (Hoiic). 

^^^  .      Following  n  auRgcstion  of  Roticngirten,  S.  G.  Dtxon,  10J4.  adHses  a  chromatic 

^^^^  ^tturc  for  va[X)ri^.i[i^  (he  formal Jehyd.     A  solution  of  t  }4  fliiidouni  es  of  concentrated 

^P^'Eshuhc  acid  and  i   pint   of   U.S.I*.  Formaldebyd  Sol.  is  prepared  in  ad\*ance  and 

~*^1K  perfectly.     When  needed,  it  is  poured  on  10  ounces  of  sou.  dtchromale  cr>-sta[s, 

^^^*^httave  lieen  spread  in  a  thin  layer  in  a  vessel  of  ten  times  the  capacity  ol  the  in- 

■^ET^^cJients.     The  ^as  is  liberated  more  rapidly  than  with  ptermanganate;  the  operator 

^^^■-■■at  ibercfore  withdraw  promptly. 

^^        Simpk  spmying  with  formaldehyd  solution  (8  ex.  per  cubic  meter)  is  also  used. 

^'■'■fcparalian  of  formaldebyd  solution  by  beat  rs  wasteful,  but  may  \k  employed  (150 

r*^-     for  r,ooo  cubic  feet).     .<\  1  :  30  dilution,  allowed  to  stand  about  a  room  in  saucera, 

»  w.*i,i  to  un  //«. 

^Applications  to  the  Bodj. — This  is  not  recommended  on  account  of  the  local  Irritant 
■«ie.    It  has  been  employed,  however,  for  tbe  disinfccihn  cj  hands  (i  iwr  cent.};  as  a 

"**««Jk  injjA  and  gargle  ( '-j  per  cent.};  in  skin  dtifOies  tnd  kyprridrosss  (2.5  per  cent.); 

'^    t«iating  the  throat  in  dip/Uktria  or  tomiUilis  (aj^  to  s  per  cent.).     The  cMporalian 


^  4.  small  amount  uf  Ihe  solution  m 
^*^re.  IQ00,  suggested  intravenous 
«**^tKk»ed. 


the  room  has  also  been  used  in  luitrrcuhui. 
injections  of  l :  30,000.    They  were  quickly 


Formaldehyd  as  Food  Preservative.— Co nccatratioos  of  i :  33,000  to  i :  10,000  luve 
been  uwrl,  especially  for  milk.     It  is  both  incffccUvc  and  danKcrous,  and  is  therefore 

ftroperly-  prohibited.  The  ordinar>-  concentration  for  millc  (1:10,000)  cbedu  Uctic 
ermtmt&tiuii,  but  does  out  kill  the  tubercle  biicilU  and  \%  therefore  of  questionable 
utility.  Whilst  it  may  not  interfere  with  digestion  in  vitro  (Price,  ■904)>  "'Q  life  it 
may  produce  inte^itinaL  ulcers  (Schaps,  IQ05}.  It  probably  causes  cumtilalive  effects. 
Kven  the  loc»I  application  h  said  lo  lead  In  inflammatory  chanjtes  in  the  liver  and 
kidneyft  (Fischer,  1905).  The  effects  on  digestion  and  general  health  are  described  by 
Wiley.  1908. 

Salkowski.  1015,  states  thut  formitldehyd.  0.6  to  i  Gm.per  day,  added  to  the  food 
af  a  12  kilogram  dog,  was  well  tolerated  and  did  not  impair  the  utilisation  of  pcDtcin. 

Loi^al  Actions. — Formaldehyd  solutions  or  vapor,  even  when  ver>' 
dilute,  produce  \'ery  strong  irritation  of  all  mtKoiis  tnembranes.  Tl» 
Eusccplibilily  to  this  irritation  is  diminished  by  hab'Uwjiion.  Applied  lo 
the  unbroken  skin,  it  hardens  the  epidermis,  renders  it  rough  and  whitish, 
and  produces  anesthesia.  Repealed  application  of  strong  solutions 
leads  to  superficial  necrosis  of  the  skin  and  nails  and  to  persistent  eczema 
(Galewsky,  1905).  Its  application  to  broken  surfaces  is  very  painful 
Isolated  tissues  are  promptly  hardened.  Formaldehyd  is  therefore  used 
in  histalogic  tcchnic  m  strengths  of  J-^  to  to  per  cent.  These  effects  arc 
produced  by  the  coagulation  of  proteins.  They  are  influenced  by  the  COD- 
cenlration  and  by  the  time  of  contact  (Meneguzzi,  1913). 

Red  Cofptiacles.— These  are  6xcd  by  dilute  solutions  similarly  to  other  tiisutt; 
strong;  solutions  of  commercial  (not  of  pure)  formaldehyd  may  produce  lakiog,  by 
their  formic  acid  (I-'ranchi,  igi  i). 

Systemic  Actions. — The  inhalation  of  formaldehyd  vapors,  even  for  a  long  lime, 
pnxluces  but  sm.-iH  elTects.  beyond  the  local  actions,  causing  brnnchttU  and  poen- 
monla.  The  intravenous  inJKlion  of  solutions  in  normal  saline  of  a  strength  of  1 :  5.000 
atsu  produce  no  immediate  effects,  even  in  maji.  The  fatal  dose  for  mammals  intravca* 
ou&ly,  is  about  0.07  to  0.09  Cm.  per  kilogram;  the  hypodermic  dose  is  approzimatdy 
tea  times  as  much. 

When  applied  Hirectlv  to  the  mucosa  of  the  upper  intestine  (not  the  lower),  tbe 
irritation  or  the  formaldehyd  produces  an  increased  fiow  of  pancreatic  juice.  Tbe 
most  favonihle  concentration  is  i  tu  i  per  cent.,  S  to  10  |M;r  cent  being  ineffecti\x 
(Delezenne  and  I'ozerski,  i()is). 

Poisoning  by  Swaiilowing  Formaldehyd. — A  number  of  such  cases  have  been  rt^ 
ported.  As  summarized  by  MacLachlan,  loog,  the  symptoms  consist  of  immediate 
and  severe  abdominal  pain;  often  sudden  and  prolonged  lou  of  consciousness,  and 
collapse.     Death  occurs  in  twenty -four  to  forty-ei^ht  hours.    The  autopsy  choirs  severe 

fiastntM  with  cro«ions.  In  non-fatal  cases,  the  urine  is  suppressed  for  twdve  to  twenty- 
our  hours,  and  then  generally  contains  blood  and  casts.  There  is  often  diarrhea  oul 
tenesmus,  sore  mouiti  and  dysphagia.  The  recovery  is  curiously  rapid,  the  paticflti 
being  well  within  a  week.  The  fatal  cases  all  toiik  over  3  ounces  of^  the  commercial 
solution.     The  Ur(;eat  quantity  from  which  rrcovery  is  reported  is  60  cc- 

Tkf  irtafmcnt  shuuld  consist  in  the  udinioistmliun  of  dilute  amtnonift  and  ommooium 
soils,  and  in  lavage. 

Fate  of  the  Fonnoldehyd. —  Formaldehyd  is  absorbed  from  alt  parts  of  the  olimentanr 
tract  and  lun^s  (McGuigan,  1Q14).  It  i^  not  excreted  as  such  (Blum;  Pohl,  189^, 
even  with  intravenous  injection;  unless  very  larRc  doses  are  given  (McGuigmn,  iQit; 
Impcns  and  Roscnbcr;;;  Salkowski,  1015).  It  is  mainly  oxidixed  in  the  ttarars, 
esfiecially  the  liver  (Poiil).  to  formic  acid.  The  oxirfation  of  aldehyds  is  not  direct,  bat 
through  the  "Cannizzaro  reaction,"  commonlv  observed  in  vitro  when  aldchyds  are 
treait-d  with  alkalies,  jHCHO  +  H,0  -  ClljOIf  +  HCOOH.  A  part  of  the  (oriaic 
acid  may  appear  in  the  urine  (Pohl;  Klut-bcr  and  Gerlasch);  but  small  quantities  of 
formic  add  arc  also  completely  destroyed  (Sollmann.  1908).  Some  of  lh«  formal- 
dehyd may  be  transformed  into  hexnmethylenamin  (McGuig^). 

PREPAfiATIONS — FORliALDLHYD 

*Liquor  Formaldekydi  (Liq.  Formaldehyd),  U.S-P.,  B.P.;  Solutwn  of  FonnalflehyiJ 
(Formalin). — A  watery  solution  containing  about  37  per  cent,  of  HCOH.     Clcac, 
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colotlewi  liquid;  pungent  odor  nnd  caustic  taste.    Misciblc  with  water  and  alcohol. 
A  ublcfpooQ  in  a  quart  of  water  makes  about  i  per  cent,  nf  absolute  formaldchyd. 

Imupt  FoTmai6€hydi  Sa^naJus  (Liq.  Formaldchyd.  Sup.),  B.P.— 20  per  cent,  uf 
lAq.  Formaklehyd;  40  per  cent,  of  Soft  So.ip;  30  por  iciit.  of  Alcohol. 

Par^ijormaUekydam  (Paraform.),  U.S.P.  (Paraform,  Tnoxymclhylcn).  {HCOH>». — 
White  friabti:  masses,  or  aa  a  powder,  having  a  slight  odor  of  formaldchyd.  Slowly 
sol.  in  cold  water;  insol.  in  ale  or  eth.     Dose,  as  Gm.,  8  gr.,  U-S.P. 

It  ttublimcs  slowly  at  ioo''C.  aod  melts  at  i7i''C.  Healed  under  proper  conditions, 
it  is  decomposed  into  formaldchyd  and  is  used  for  the  dinnfr<tion  of  rooms.  Two  Gm. 
of  paraform  are  required  per  cubic  meter  (35  cubic  feel  of  ^»u:e).  Formaldchyd  i.s 
Also  slowly  liberated  at  body  temperature:  paraform  has  therefore  been  suggested 
■s  an  iutestinoi  antiseptic  (0.05  to  o.  i  Cm.  every  two  hour*.,  for  children),  but  its  irritant 
MCtioQ  renders  it  objectionable.  Larger  doses  fj  to  4  Gm.)  are  falhartic,  small  Jo&es  are 
rather  coDst^ating.    It  will  oot  cause  serious  polwiiiag  even  Id  large  do&ea. 

FORMALDEHYD  COMPOUNDS 

These  are  generally  inactive  and  non-irritant  in  them-selves,  but  re- 
gent-rate formaldchyd  under  suitable  conditions.  It  was  therefore 
thought  that  tliey  would  prove  valuable  antiseptics.  However,  most  of 
ihem  liberate  it  either  too  slowly  or  too  readily.  Hexamctbylcnamln 
,  alone  has  proved  really  valuable. 

Glntol  (Schleich,  1896}  is  an  imtolublc  compound  of  formaldchyd  and  gelatin,  which 
L^olds  the  greater  part  of  the  formaldchyd  m>  firmly  that  it  u  practically  tuelea 
1  (SoUmann,  190S).  Other  protein  compounds  wm-  aUo  diMtppointing.  Classen  intro* 
duced  compounds  with  carbohydrates.  Starch  (amyloform.l,  dextrin,  milk.sugar, 
etc.  Their  fate  was  studied  by  Jiitobson.  i9ty).  There  were  also  cumbinaliuns  with 
phenols,  urea  fCohn,  i!ti>7),  etc.  Anhy drome thylcncitrates  I'citaiin)  splits  off  CIIjO 
too  readily  (Nicolaier.  1906);  whilst  methyleiidisalicylic  actd  is  not  decomposed  In  its 
.passage  tnrough  the  body  (Sollmaim,  190S). 
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HEXAMETRYLENAMIIT 

tral  Statement — Hexamethylen-tetramin,  N4(CH3)b,  is  formed  by 
the  action  of  anLmunia  on  formaldehyd.  It  is  itself  quite  devoid  of  anti- 
septic, irritant  or  toxic  actions.  Its  solutions,  however,  dissociate  slowly 
with  the  evolution  of  formaldchyd.  This  decomposition  is  favored  by 
tlxe  presence  of  free  acid,  and  arrested  by  alkali. 

Hexamethylenamin  is  rapidly  absorbed,  distributed  through  all  the 
uea  and  secretions,  and  excreted  mainly  in  the  urine.  By  far  the 
eater  part  is  unchanged,  but  a  small  fraction  is  changed  into  fonnalde- 
iiv'd  wherever  it  meets  an  acid  reaction;  especially  during  the  secretion 
»^  acid  urine,  and  perhaps  exceptionally  elsewhere  in  the  body.  The 
dcrj^Tec  of  decomposition  depends  entirely  on  the  acidity.  The  presence  of 
ff^r*  ammonia  prevents  the  fnrmaldehyd  liberation  completely. 

The  liberated  formaldchyd  exerts  a  more  or  less  marked  antiseptic 
l^'^^ct.  The  concentration  is  rarely  sufficiently  high  to  cause  sensible 
'f~»~i-tation,  except  in  specially  susceptible  individuals.  It  never  causes 
'"V^s^temic  poisoning,  even  with  very  large  doses. 

This  antiseptic  action  renders  the  drug  an  effective  prophylactic  and 

i****ictimes  curative  remedy  against  inflammations  and  suppurations  of 

"^e  genito-urinary  tract.     By  misconception,  it  has  also  been  used  in  other 

c^^ridilions,  where  it  is  doubtful  whether  effective  quantities,  of  formaldehyd 

*^f*  be  liberated:    In  typhoid  liaciUuria,  infections  of  the  bile-passages, 

^^ninges.  respirator}*  tract,  and  accessory  sinuses.     It  is  the  most  eflcctive 

"^  urinar\-  antiseptics,  provided  that  the  urine  is  add.    In  alkaline  urine 
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its  effects  are  slight,  and  in  ammoniacal  urine  it  is  inactive.     The  ten 
to   gastric   and   vesical   irritation    (painful   micturition,   hematuria) 
lessened  bv  liberal  dilution. 
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BiatDiical. — The  BubfiUnce  was  first  prepared  by  BuUerow  in  i860.  It  was  Inlnt- 
ducctl  inlo  prncticc  as  m  urinBry  aatiscptic  by  Nicolaicr,  1895  and  189a.  Ricbardaoii, 
1808,  papuiarized  its  use  against  typnoid  bacUliiria.  Ctowc,  190^!,  demanstraud  it 
in  bile  and  other  body-dutds,  and  suggested  its  administration  in  thU  connection. 

Formation  of  Fomuldehyd. — The  reaction  between  ammonia  »nd  formaldehyd  ift 
gomcwliat  reversible,  4NH1  +  6HCHO  ja  NitCIIOi*  +  6H1O.  In  watery  solution, 
the  reverse  reaction,  tcsuUing  in  the  Itbcratian  of  fornia!dch>'d  occurs  very  slowly  in  the 
cold,  somewhat  more  readily  on  beating,  espcdallv  in  the  presence  of  adds  (which  com- 
bine with  the  ammonia).  It  inrrejwes  with  tlie  degree  of  acidity  (free  hydrogen  toni). 
Little  if  any  formaldehyd  h  liberated  in  ccutral,  and  none  in  alkaline  liquids.  In 
body-fluids  and  in  tiRsue-ex tracts,  ihL-  libcratinn  proceeds  as  in  aqueous  solutioftS 
{Hanzlik  and  Collins,  1Q13).  Exact  esiimations  of  the  proportion  of  free  (ormaldeh>Tl 
have  not  been  made  (or  want  of  quantitative  mcthwl^  wnich  would  dislinj^uish  between 
this  and  hexamethvlenamin.  The  presence  of  free  ammonia  prevents  the  reaction,  and 
it  is  perhaps  also  cfiminishcd  by  the  presence  of  salts.  It  would  be  proportional  to  the 
concentration  of  the  hexamethylenamin. 

An  approximate  estimation  of  the  liberation  of  (ormaldehyd  was  made  by  Jordan, 
I911,  IncubntinK  a  i  :  1.000  hexamethylenamin  solution  at  body  temperature  fnr 
twcnty-fourhourshefound  that  thcconcentraiionoffrccfDrmaldehyd  reached  1  :  10.000 
if  the  reaction  was  sligbttv  acid;  1  :  200.000  if  neutral.  Kune  cuuld  be  demonstrated 
with  alkaline  reaction-     iCanzlik,  i^tj,  found  similar  results. 

Absorption,  Distribution  and  Excretion  of  Hexamethylenamin. — Tbe 
absorption  from  thi.:  alimentary  canal  is  nipid  and  c<Jnipleie:  The  ncre- 
tion  by  the  urittc — the  main  channel  of  il.s  elimination — starts  within  ele\Tn 
minutes  after  oral,  rectal  or  hypodermic  administration,  reaches  its  maxi- 
mum in  one  to  three  hours,  and  practically  ceases  in  four  to  eight  hours, 
according  to  the  dose.  After  twelve  hours  only  verj'  small  amounts  arc 
excreted,  although  the  blood  may  contain  faint  traces  after  twenty-fotir 
hours  (SoUmann,  1908;  Crowe,  1908;  Bumara,  1912;  Falk  and  Sugiunt, 
1916).  Approximately  the  same  lime  relations  obtain  for  its  concentra- 
tion and  disappearance  from  the  other  secretions  and  tissues.  Its  dis- 
tribution is  universal,  since  it  has  been  demonstrated  in  all  parts  of  the 
body  in  which  it  was  sought.  By  far  the  greater  part  is  excreted  un- 
changed, only  a  smalt  fraction  being  converted  into  fortnaldehyd  in  the 
urine.     A  variable  proportion  is  completely  destroyed  in  the  body. 

Th«  Concentration  of  Hexamethylenamin. — This  depends  on  the  dose, 
the  lime,  and  in  the  case  of  urine  at  least,  ver>'  largely  on  the  ingestion  of 
fluid. 

Quantitative  Eicretion. — The  total  recovered  in  the  urine  varies  from  1 3  to  80  per 
cent,  of  the  dose  adminisit-rcd  (i  Gm.),  the  hiRher  Ggurei  corresponding  lo  grraler 
water  intake.  With  continued  administration,  three  times  daily,  the  coDccntraticn 
in  the  urine  ranged  from  i  ;  1,400  to  2,Roo  for  doses  of  0.67  Gm.;  between  i  :  a.400  to 
14,000  for  0.33  Gm.  The  excretion  ift  diminished  in  renal  impermeability  (FiUlt  and 
Sugiura,  29x6).  In  other  secretions  and  in  the  tissues,  the  conccntratka  Is  probably 
lower. 

Presence  of  Free  Formaldehyd  in  the  Tissues. — Tests  for  free  for- 
maldchyd  (as  distinguished  from  hexamethylenamin)  have  been  applied 
only  by  a  few  investigators.  It  could  occur  only  in  situations  where  there 
is  free  acid;  i.e.,  normally  only  in  the  gastric  juice  and  urine.    Accordingly, 

■  Tb«  followioc  structuikl  (orraulA  bai  been  Bunosted: 

/CHi  -  N  -  CH. 

N — CUt-N  -  CHi 

\CHi  -  N  -  CH* 
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the  results  with  other  normal  fluids  have  been  uniformly  negative  (milk, 
Schmid  and  Schroeter;  saliv'a,  HanzUk;  bile,  ccrcbro-spiiial  fluid  and 
sputum,  Bumam,  1912;  various  situations,  McGuigan,  1912).  It  Is 
conceivable,  however,  that  acid  reaction  may  obtain  strictly  locally  in 
other  situations  under  pathologic  conditions.  Indications  of  this  were 
found  by  HanzUk  and  Collins.  1913.  However,  the  formaldehyd  libera- 
tion was  50  small  as  to  be  ineffective  (HamiUk,  1914;  Hyman,  1914). 
Presence  of  Free  Formaldehyd  in  the  Urine. — The  amount  of  formal- 
dehyd liberated  depends  upon  the  acidity,  the  concentration,  the  time  of 
standing,  and  perhaps  on  other  unknown  conditions.  The  liberation  may 
occur  in  the  kidney  (Burnam)  and  increases  in  the  bladder  (SoUmann; 
Hinman,  1913).  Burnam  found  it  often  absent  with  small  doses,  but 
believes  that  with  larger  doses  the  concentration  of  free  formaldehyd  may 
cjscccd  I  :  5.000.  Smith  found  that  0.5  Gm.  always  gave  formaldehyd  in 
acid  urines.,  while  0.3  Gm.  was  inconstant.  Alkaline  urines  do  not  liberate 
formaldehyd;  but  the  formaldehyd  liberated  in  the  acid  kidney  may  per- 
sist for  a  short  time  in  the  alkaline  bladder.  Kidney  disease  does  not 
modify  the  liberation  (Hinman). 

L'Efperancc  and  11.  Cabot,  iQii,  found  free  Formaldehyd  in  about  half  the  hexa- 
methylcnamin  urines  cxttmincd.  They  believe  thnt  the  liberation  is  not  affected  by  the 
(losafie  or  by  the  reaction  of  the  urine.  Thin  rondusion  can  only  have  been  bAned  on 
faulty  methods  of  estimating  the  acidicv;  for  G.  0.  Smith,  1913,  and  UanzUk  and 
CoUiiu  showed  defimlcly  thni  all  nrid  urines  liberate  fomiaklehyd.  Smith  and 
Jennes,  1913,  aleo  found  it  io  about  half  ihc  cases. 

Conccatratioa  of  Formaldehyd  in  Urine. — Wltli  the  present  rather  unreliable 
methods,  Uinman,  IQ13.  daiim  that  this  is  btlow  i :  40,000  in  lialf  the  cases;  1 :  t6,ooo 
in  3$  per  cent.;  and  over  i :  7,000  in  3  per  tcnl.  of  the  urines. 

Antiseptic  Action. — ficxamcthylenamin  itself  is  not  at  all  antiseptic,  if 
the  liberation  of  formaldehyd  is  prevented  by  alkalies  (Hanzlik,  1913). 
A  concentration  of  5  per  cenl,  is  required  to  check  the  growth  of  Staphy- 
lococcus in  neutral  broth  cultures;  and  this  may  be  attributed  to  the  free 
formaldehyd  (Jordan).  The  antiseptic  action  is  always  parallel  to  the 
concentration  of  free  formaldehyd  (HanzUk  and  Collins).  Formaldehyd 
in  Concentration  of  i :  50,000  to  30,000  has  a  distinct  though  limited  anti- 
septic effect  (Mosso  and  Paleolli). 

Aniiitpiic  Effrts  after  Administration. — These  are  espcdally  marked  in  acid  urines, 
**  mij-hi  be  eipctlcd.  However,  Crowe,  190S,  claims  that  iht  adnxinistration  of  5 
•■m,  per  (lay  also  rcmirrri  tht  bile  and  other  body-fluids  antisi;ptic.  Exact  obser\'ation* 
^y^  not  confirmed  this  (Hanzlik  and  Coilms),  and  the  idea  of  producing  a  "lissue- 


^"*<psis"  by  ili  use  mu^t  be  .ihandoned. 

,     Therapeutic  Use  as  Urinary  Antiseptic  .^Hcxamcthylen  a  min  is  by 

\  the  most  effective  urinary  aiUi^ei>tic,  provided  that  the  reaction  of  the 

Jiftoe  is  acid.     In  neutral  or  alkaline  urine,  its  efTiciency  is  practically  nil 

Ulotflan.   191 1).     In  ammoniacal  urines  it  would  be  useless.     It  would 

.^5.^c'forc  be  especially  valuable  as  a  prophylactic, /.i..  In  calheterization 

y  unman,  1915).     It  has  ali^obccn  advised  to  prevent  the  spread  of  tj-phold 

r**^Ui  (Richardson,  1898);  but  its  efficiency  is  doubtful.     It  may  Ire  used 

ly^^'^flammation  or  suppuration  of  the  ru-nal  pelvis,  bladder  or  urethra. 

*■««  dosage  should  be  from  0.25  to  0.5  Gm.  (4  to  8  gr.)  in  half  a  glass  of 

"•^^T,  four  or  five  times  a  day.     Bumam,  1912,  recommends  increasing 

~*  dosage  until  free  formaldehyd  appears  in  the  urine.     In  typhoid  fever, 

***  same  dwm^e  should  be  er^ployed  continuously,  from  the  rime  when 

^  diagnosis  la  made.    If  the  urine  is  alkaline,  add  sodium  phosphate 
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(NaH-POi)  should  be  adminislercd,  i  to  2  Gm.  e\'ery  one  to  four  hours, 

until  ihc  urine  is  acid.     This  often  causes  diarrhea. 

Actduktion  of  Urine. — The  official  sodium  phosphate,  Na^HPOt.  docs  not  liter  the 
rpartion  of  the  urine.  The  acid  salt  may  be  prepared  exteraporancouslyi  J|.  Sodii 
Phosphal.,  U.S.?..  10  Gm.;  -■\c.  Phosphor.  Dil.,  35  c.c;  Water,  add  150  c.c.  A  table- 
spoun  rtprcrscnts  ab«)ut  i  Gm.  of  acid  phosphate.  It  should  be  diluted  in  a  tumbler 
oT  waler.  Benzoates  have  a  tendency  to  render  the  urine  add  (Jordan,  1913J;  »l*o 
boric  acid,  3  Gm,  daily  (G.  O.  Smith,  IQ13). 

Relative  Value  of  Other  Urinar;  Antiseptics. — lT<unR  the  ordinary'  therapeutic  doaes 
in  a  normal  subject,  Sollmann.  1905.  fourd  that  urinary  decomposition  was  prrvcnted, 
at  incubator  temperature,  wiili  hexamethylenamin,  for  three  days  to  three  weeks;  aftei 
iHilii'ylatc*.  for  a  day;  bcnzoute,  phenulsulphonalc  and  boric  acid  had  no  discernible 
effect.  Churchman,  T90A,  cnncLudcs  that  hcxamethylenamin  surpasses  methylene  blue 
Jordan,  igi  i,  found  it  much  superior  to  salicylic  acid  and  santal  oil.  The  diffrrence 
U  of  course  mo^t  marked  in  acid  urines,  aJthouRh  thj.^  increase?!  the  e0icienn'  of  all  the 
anliscptics.  The  greatest  effect  of  S.intal  oil  was  on  Staphylococcus.  He  found  boric 
add  Ine  hest  antiseptic  fnr  alkaline  urine*  (lyij). 

Solvent  Action  on  Uric  Acid.^Mexamethylenamin  has  been  proposed  as  a  remedy 
for  gout  ami  urate  calcultsm.  Tt,  as  well  as  fucmaldrhyd.  diKK>lve«  uric  add,  with  the 
{onnation  of  a  »erics  of  paired  compounds  (N'tcoLaJer,  1906).  However,  the  solvent 
action  is  really  ver>-  slight  (Stevens  and  May,  191 1),  and  the  experimental  and  cUnical 
results  have  been  disappointing  (Hanzlik,  igr6). 

Haskins,  (915.  found  that  the  administration  of  hcxamcth)dcnanun  in  doses  of  t 
to  2  Gm.  docs  not  confer  any  solvent  action  on  the  urine.  Dose«  of  4  Gm.  made  the 
urine  distinctly  more  solvent;  but  equal  results  are  secured  by  making  the  urine  slightly 
alkaline  (p.  H.  =  7.1  to  7.4)  as  may  beeasilydune  by  administerinj;  sodium  bicarbooate 
or  acetate.  These  results  were  aUo  confirmed  by  adding  hexamcthylenamin  directly 
to  water,  urine  and  phusphale  mixtures. 

Antiseptic  Action  on  Bile. — Crowe,  190S,  claimed  thai  the  administra- 
tion of  at  lcast'5  Gm.  (75  gr.)  per  day  renders  the  bile  unsuitable  for  the 
growth  of  hacteria,  and  completely  anti.septic  to  t\*phoid  bacilli.  It  was 
therefore  advised  as  a  prophylactic  against  biliar\'  infection  after  opera- 
tion on  the  gall-bladder  or  ducts.  Recent  ob6er\*ations  (Bumaro, 
Hanzlik)  have  not  confirmed  these  claims,  and  it  may  be  remarked  that 
there  is  ordinarily  no  antiseptic  elTecl  on  the  bile. 

Meningeal  Infectioos.— The  excretion  of  hcxamethylenamin  into  the  cerebro- 
spinal lluld  (Crowe,  iqoH;  it  reaches  the  concentration  of  1:10,000  even  after  a  itogle 
dose  (jf  I  Gm.,  Huld,  i()ii)  was  claimed  by  Crowe,  1908,  to  restrain  the  developtBeot 
of  bacteria,  although  the  concentration  h  not  su^cienl  for  diAinfection.  Qinically^ 
earl^'  and  Large  doses  are  said  to  afford  at  least  a  considerable  degree  of  protection 
against  infective  diseases  of  the  meninges  (poliomyelitis,  Flexner  and  Clark,  iQii); 
epidemic  and  postoperative  meningitis  (Crowe,  iqti),  etc.  Here  again,  the  receot 
exact  observations  are  negative  (infantile  paralvMS,  Fraser,  1914).  Uacner,  191 1,  claims 
tliat  diminished  excretion  into  the  cercbro-sptnal  Quid  is  diagnostic  of  tubcrcuUr 
meningitis. 

AdministratioD  for  Systemic  Disinfection. — To  obtain  the  claimed  effects  on  the 
bih',    iTii;tiitige:>   or    respiratory    piisi^uges,    rclntivety    large   doses    were   employed:   at 
least  I  Gm.  (is  gr.)  In  aglas«  of  water,  tiv-e  times  per  day;  in  meningeal  infoctioiu  e\'ai 
to  20  Gm.  per  day.     The  dosage  should  be  rcduce<]  if  irritant  vSccts  are  noted.     Thc- 
administrattun  nf  sodium  acetate  or  dtratc  would  probably  lessen  the  liability  to  uiiaar^ 
irritation,  uilhnut  hindering  the  systemic  aniisepsLs.     Crowe,    ton,  advocates  tb^ 
addition  of  H  per  cent,  of  the  drug  to  all  Liquids  taken;  or  in  very  LU  patients,  the  rectaV^ 
injection,  adrop  at  a  lime,  of  a  liter  of  saline  solution  containing  j  to  6  Gm.  of  the  drug. 

Middle  Ear. — The  excretion  of  hcxamt'tbylcnamin  in  this  situation  was  demoo— 
strated  by  Barton,  1910;  ilitpjjcared  tocul  short  suppurative  injection.  It  wai  lJ»ert— 
fore  recommended  as  a  prophylactic  in  .scariet  fever,  etc.  Similarly,  it  was  ciaimed 
to  be  useftd  against  acute  and  chronic  sihus  infections  (Burton.  1910);  and  in  corytx 
(A.  Miller,  loti),  bronchitis  (\'anderhoff,  1913)  and  infitunta  (Eisenbe^,  1913),  aad 
even  as  a  pulmonary  disinfectant  (Znk,  1912).  The  observations  of  Shattock,  1911. 
on  pncumococrus  empyema  were  negative,  although  hexamethylei^min  was  prcsrot 
in  tne  pus.    Crowe,  1913,  doubts  its  ef&ctenc>'  in  lobar  pneumonia  and  in  tuberculosia 
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Excretkn  in  ^e. — Gradle,  1911,  found  it  in  the  anterior  chamber,  its  excretion 
being  hastened  by  mydriatics;  however,  its  concentration  is  not  sufficient  to  be  anti- 
septic. (Witham,  1913,  thinks  that  there  is  a  slight  antiseptic  action.)  In  cats 
Remel6,  1916,  found  it  in  the  aqueous  humor  shortlv  after  the  intravenous  injection 
of  2  Gm.  He  also  claims  that  traces  of  formaldehyd  are  present  within  one-half  hour 
andpersist  for  nineteen  hours. 

Stcretion  in  Milk. — This  was  announced  by  Bucura,  1905,  and  confirmed  by  Crowe, 
1908,  Woldewijn,  1910,  and  by  T.  Schmid  and  Schroeter,  1910,  who  found  no  free  for- 
maldehyd. Reider,  1912,  found  that  the  highest  concentration  was  reached  after  an 
hour,  but  that  this  was  not  sufficient  to  be  antiseptic. 

Bzcretkm  in  Salhra. — This  contains  no  free  formaldehyd,  but  only  the  unchanged 
drug.     The  excretion  reaches  its  maximum  in  half  an  hour  (Hanzlik). 

TTndearable  Effects. — Hexamethylenamin  does  not  cause  any  sys- 
temic effects,  even  on  the  intravenous  or  hypodermic  injection  of  enor- 
mous doses  (Crowe,  1908;  Sumam,  1912).  Nor  does  it  have  any  local 
action^  so  that  it  may  be  given  hypodermically  (Gundrum,  1911)  or 
injected  into  the  bladder  in  50  per  cent,  solution  (Bumam),  with  practically 
no  irritation.  After  the  liberation  of  formaldehyd,  this  becomesirritant,  but 
only  with  large  doses  and  in  specially  susceptible  individuals.  This  causes 
painful  micturition  and  eventually  cystitis  and  hematuria.  In  Crowe's 
cases  the  hemorrhage  was  from  the  bladder.  The  kidneys  may  probably 
also  be  irritated.  The  cystoscope  shows  hemorrhagic  cystitis;  and  post- 
mortem examination  also  hyperemia  of  the  pelvis  (D.  L.  Simon,  1914). 
Other  occasional  symptoms  (Coleman,  1903)  are:  rubeolar  skin  rashes, 
catarrhs  of  .various  mucosae,  and  digestive  disturbances.  These  irritant 
effects  are  quite  exceptional  if  the  drug  is  given  in  sufficient  dilution. 
They  disappear  promptly  and  without  any  permanent  damage,  if  it  is 
discontinued. 

In  doss,  Wiggs,  1910,  obtained  marked  nephritis  from  relatively  small  doses. 
Rabbits  abow  hematuria  only  with  8  Gm.  per  day  (D.  L.  Simon,  1914).  In  guinea 
pigs,  hypodermic  injections  {Frothingham,  1909}  produce  local  necrosis,  and  gastric 
congestion,  hemorrhage  and  ulceration. 

Iiicoii9atibilitie&. — Hexamethylenamin  is  a  fairly  strong  base,  gradu- 
ally displacing  ammonia  from  its  salts.  It  is  decomposed  by  acids  (even 
ajOCtyl-KilicyUc  acid)  and  by  acid  salts  with  the  liberation  of  the  irritant 
fo:nnaldehyd.  It  is  also  incompatible  with  tannin,  mercuric  chlorid  and 
{>:^cidizing  agents  (J.A.M.A.,  Feb.  8,  1913,  p.  465). 

PREPARATIONS — HEXAMETHYLENAMIN 

*Besamethyl€nami»a  (Hexam.),  U.S.P.;  Hexamina,  B.P.  (Hexamethylentetramin), 

(' — ^-fclJiNi. — It  was  introduced  as  urotropin  and  is  also  marketed  under  other  numerous 
«^c3.  confusing  trade  names.  These  commercial  brands  are  in  no  way  superior  to  the 
uLl*«atl  substance  (Base,  1907).  It  occurs  as  colorless,  lustrous,  odorless  crystals,  of 
J"'«=-*l,  then  bitter  taste.  Solutions  react  alkaline  to  litmus.  It  is  freely  sol.  in  water 
t^  =   ^-S),  and  ale.  (1:10).     iJwe,  0.15  Gm.,  4gr.,  U.S.P.;  0.3  to  i  Gm.,  5  to  i     gr.,  B.P. 

Mexamelhylenamin  Salts. — A  number  of  these  are  described  in  N.N.R.  but  they  have 
"^*serious  advantage.  Boruttau,  1914,  claims  that  the  urinary  antiseptic  actio*  is 
******ewliat  greater  with  hesamethylen  salicylate  or  camphorate;  and  that  the  urate 
^^'^''ency  is  higher  with  the  citrate,  borate  or  sulphosalicylate. 

^^  Jacobs  and  Heildelberger,  1915,  report  experiments  with  some  quaternary  deriva- 
•y^sB  th»t  wpear  promising.  The  activity  of  these  does  not  seem  to  depend  on  the 
**  _*-*»tion  of  formaldehyd,  so  that  they  are  not  inhibited  by  protein  and  do  not  require 

CHLORUT 

,    Disinfectant  Aclicm. — The  gas,  solutions  and  hypochlorites  are  efi&- 
0*fit  germicides  by  oxidizing  and  destroying  all  organic  matter.     This, 
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however,  also  limits  iheir  employment;  for  chlorin  bleaches  organic  colors, 
disintegrates  fabrics,  corrodes  metals,  and  acts  as  a  strong  irritant  to  the 
tissues.  It  is  used,  especially  in  the  form  of  Chlorinated  Lime  and  of 
Ijabarraque's  Solution,  for  the  disinfection  of  excreta:  6  ounces  of  chlori- 
nated lime  are  mixed  with  a  gallon  of  water;  a  quart  of  Oiis  is  added  to 
each  discharge  and  allowed  to  stand  an  hour.  It  is  also  employed  to 
sterilize  drinking  water,  especially  for  temporary  emergencies. 

Five  to  15  pounds  of  chlorinated  lime  are  used  per  million  gallons 
according  to  the  impurities  and  other  conditions.  This  imparts  a  slight 
taste,  but  no  other  bad  effects  have  been  demonstrated.  On  a  small  scale 
a  level  teaspoonful  is  rubbed  with  4  cup? of  water  and  a  teaspoon  of  {his 
solution  is  added  to  2  gallons  of  the  drinking  water,  and  left  for  at  least  ten 
minutes. 


For  Snake  Bites,  10  c.c.  of  a  1  per  cent,  solution  U  injected  hypodcrmickUy 
the  wound  (Calmette,  19137). 

For  ihv  dlsinfirction  of  the  hsnds,  these  are  moUtcnod  and  rubbed  with  a  little 
chlnrinnlfi]  lime  .ami  -.\'.'i.<hin^-ftoda. 

Labarraque's  solution  h  used  as  a  deodorant  on  fetid  ulctrt.  being  diluted  10  or  ao 
time^.  Ctilorinated  lime  Usdf  hiis  hern  u*«d  on  irounds;  3  tablespoons  of  the  cocn- 
pound  heiag  diaaolvcd  in  a  bofln  of  vrarm  water  and  used  u  a  lotion,  twice  daily  (M  uracil, 
1915).  Internally,  it  has  been  tried  as  a  gastrointestinal  anti'^ptic.  but  would  be 
uscfcS5  in  the  presence  of  orf;.inic  matter.  Liq.  Chlari  Co.  is  employed  as  a  jdr;^  in 
infections  of  the  throat,  bcine  diluted  ^vHlh  6  or  S  parts  of  water. 

The  hiAtor\'  of  the  hymKhloriteA  is  discussed  by  Dakin,  1915.  Ue  attributes  their 
action  to  the  formation  01  chloramido  groups  in  the  protein. 

Hypochlorous  Acid  as  Antiseptic. — Thi&  has  been  brought  into  urominrnre  by  the 
war,  beini;  especially  endorsed  by  the  English  workers.  It  is  said  to  DC  highly  ciicctive, 
practically  uon -corrosive;  and  not  being  absorbed,  it  is  non-tone. 

It  is  made  by  shaking  1 2.5  Gm.  ol  chlorinated  lime  vnth  a  liter  of  irater.  and  adding 
13-5  Cm.  of  buric  acid.  After  shaking,  it  is  set  aside  over  night  and  Bltcred.  This 
solution  containing  about  t^  per  cent.  01  hydrochlorous  acid,  is  applied  directly  (DaJiio, 

1915)- 

.\nother  modit'ication  (Carrel-Dakin  Antiseptic)  consists  in  adding  so  Gm.  of  cUori- 
natcd  lime  to  a  solution  uf  14  (Im.  of  anhydrous  sodium  carbonate  in  a  liter  of  water. 
This  is  shaken,  allowed  to  stand  for  half  an  hour,  decanted  and  Ultered.  Boric  add  is 
then  added  until  the  solution  dors  not  redden  phcnolphthalein. 

A  dr>*  mixture  of  equal  parts  of  chlorinated  hme  and  boric  add  is  alio  oscd  as  a  ditti- 
ing  powder  (I-orain  Smith,  el  al,  lO'S)- 

C.  Mayer,  15116,  prefers  magnesium  hj-pochloritc  to  the  Labarraque  solution,  as 
being  less  caustic.     It  is  easily  prepared. 

Minor  Toxic  Effects  of  Chlorin. — These  have  arisen  mainly  from  its  use  in  the  arts. 
Air  cxmtamiratcd  with  chlorin  produces  irrilatirtn  of  the  conjunctiva  and  respinatOfy 
mucous  membranes,  etc.;  0.001  to  o.oo;  per  thousand  of  air  h  said  to  be  banaleai; 
0.00J  is  disAfirecablc,  and  0.004  irrcspirable  (Mall,  1S89).  Continuuus  exposure  pro- 
duces cachexia.  The  foliage  of  plants  is  destroyed  by  coQcenirations  which  are  not 
noticeable  for  man.  ■ 

Acute  Toxic  Effects  of  High  Chlorin  Concentrations. — These  have  bi 

studied  in  connection  with  the  use  of  this  ga-s  in  the  war.     They  con 
in  violent  irritation  and  rapid  asphyxial  syncope  with  pulmonary  ede 
Schacfer  attributes  the  asphyxia  to  extreme  congestion  and  obstruclii 
of  the  pulmonary  vessels. 

The  experiments  of  Schacfer.  lOiS.  showed  that  i  per  cent,  of  chlorin  in  the  air 
be  ineffective  (or  several  minutes;  then,  often  suddenly,  the  respiration  becomes  <kcp, 
convulsive,  and  arrested.     The  blood  pressure  faUs.     Rapid  recover)-  occurs  in  fresh — ■ 
air. 

With  5  per  cent.,  death  is  rapid  and  inevitable.    The  rcniinition  bccoincs  slowed^ 
and  isarresled  in  one  to  itiree  minute*.     The  blond  pressure  falfn  to  xero  in  three  to  taax" 
minutes,  the  heart  still  beating  well.     .\rUhcial  respiration  does  not  cauK  recover^-. 

The  bronchioles  arc  not  constricted,  air  pasung  at  least  as  well  as  normally.     S«cf^- 
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tion  of  mucus  is  also  unimportant,  for  the  course  is  not  modified  by  stropin.     The 

syttemic  circuUdon  is  also  unaffected  directlv,  the  changes  being  secondary  to  the 
«»phyxia.     Even  the  right  bt-url  is  not  c-spccially  congested. 

The  essential  cIianRts  are  seen  in  the  pulmonarj"  circulalion.  The  lungs  are  intensely 
hypcrcmic,  microscopic  examination  showing  engorgement  of  the  capillaries  and  edema 
of  the  interstitial  tissue  and  aivct)li.  The  epithelium  proper  is  normal.  Perfusion  of 
the  pulmonary  vessels  with  Ringer's  solution  shows  marlccd  obstruction  of  the  flow 
when  ihlorin  is  iniectM  into  the  trachea  or  perfu*ion  fluid.  Schacter  assumed  that  this 
phenomenon  occurs  during  life  and  that  thisobstniclion  i^  the  cause  of  all  the  symptoms. 
(It  is  pn)bable  timt  chlorin  coagulates  the  endolbelirjn,  as  do  other  astriogcnts.) 
Bromin  vapor  is  more  irritant,  but  less  fatat. 

Bleaching  Powder,  when  swallowed,  prorluces  gastro-intcstinal  irritation,  Th» 
would  be  treated  by  evacuation  and  demulcents. 


PREPARATIONS- 


:hlorin 


*Calx  ekhrinata  (Cabt  Chlorin),  U.S.P.,  B.P.;  Chlorinated  Lime  (Chlorid  of  Lira*, 
Sleaching  Powder). — .A.  product  resulting  from  the  action  uf  chlorin  upon  calcium  hy- 
<Iroirid  and  containing  ,10  per  cent,  of  available  chlorin.  CnnsisLs  mainly  of  a  mixture  or 
'Weak  compound  of  calcium  hypochlorite  and  calcium  chlorid.  It  occurs  as  a  gmylsh- 
^»hile  granular  powder  of  chlorin  odor  and  r^ulsive  salty  lajtte.  It  is  only  partially 
sol.  in  water  or  a!c. 

Lit.  Cain's  Chlorin.,  B.P. — to  per  cent,  of  CaU  Chlorin,  representing  j  per  cent,  of 
available  chlorin. 

'Liquor  Sod<r  (hiarinata  fLiq.  Sod.  Chlorin),  U.S.P..  R.P.  (Xabarraque's  Solution). 
— j-N  per  cent,  of  available  chlorin.  Made  bv  decomposing  Calx  Chlorin.  with  Sod. 
<:arb. 

JaveUe  Water  is  a  similar  preparation  of  chlorinated  potash. 

PARA-TOLUSrr£  SODHTH  SULPHOCHLORAMID 

This  is  marketed  under  the  names  of  Cbloro^ene,  Chloramine  T,  and  ToUmine. 
ill  was  introduced  by  DakJn,  iqt6,  as  a  stable,  non-toxic,  non-irritant  and  non-cor- 
»-osivc  surgical  antiseptic.     It  b  used  as  :  to  4  per  cent,  solution  (sec  N.N.R.). 

SULPHUR  DIOXID  (SULPHTJROUS  ACID) 

This  was  formerly  used  extensively  for  the  disinfection  of  rooms,  but 
"^.s  not  reliable  against  bacteria  (Koch),  and  has  the  objection  of  bleach- 
ing colors.     However,  it  is  effective  against  insects  (McClintock,  etc., 
:^i)n)f  and  therefore  against  iasect-borne  diseases,  malaria,  yellow  fever» 
^tc. 

It  is  generated  by  burning  3  pounds  of  sulphur  for  each  1,000  cubic  feet  of  space. 
"To  avoid  danger  of  fire,  the  sulphur  is  placed  in  tin  pans  raided  from  the  floor  by  bricks. 
^ts  action  is  materially  greater  when  the  ait  is  saturated  with  moisture. 

Toxic  Effects. — These  arise  from  its  nac  In  di infecting  anrl  hlcaching,  I^rge  quan- 
^tiei  occur  also  in  coal  smoke^  and  become  particularly  objectionable  in  foggj'  weather. 
Tl  is  eventually  oxidized  in  the  air  to  sulphuric  acid  (T.  \V.  Schaefer,  lyo?).  Its 
inhalation  produces  irritation  of  the  respirator>'  passages,  etc.  and  extreme  discomfort 
aoililutionsof  o.oot  percent,  by  volume ^  and o.i  percent,  is  promptly  fatal  by  pacaL>'sis 
of  the  respiratory  center  (Ogata,  iSH^;  K..  B.  Lchmann,  1S93). 


PREPARATIONS — SULPHUROUS  ACID 

Acidum  Stttphurosum  (Acid.  Sulphuros),  B.P. — An  aqueous  solution  correfpondlag 
to  5  per  cent,  of  SOf.     Dost,  a  to  4  c.c,  '-3  to  i  dram,  B.P. 

SODIUM  SULPHITE  AND  THJOSULPHATE  (HYPOSULPHITE) 

These  are  rarely  used  in  medicine,  as  mouth  wash  In  aphlhx,  and  as 
10  per  cent,  lotion  in  ringworm  and  other  parasitic  skin  diseases  (pity- 
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riasis  versicolor).     The  thioaulphate  is  the  more  powerful,  sndissoi 
limes  ustd  also  as  acalhariic. 

The  principal  importance  of  the  sulphites  arises  from  their  use  in  pre- 
serving foods.  The  quantities  ordinarily  used  do  not  seem  to  be  directly 
harmful.  Even  much  larger  quantilies  do  not  act  syslemically,  being 
rapidly  oxidized  to  sulphates;  but  they  may  produce  local  gastric  im'ta- 
tion  by  the  liberation  of  sulphurous  acid.  Their  harm  is  mainly  indirect 
in  that  they  improve  the  odor  and  appearance  of  spoiled  meat  so  that  it 
is  sold  as  freiih.     They  are  therefore  properly  prohibited. 

Toxic  Effects.—  The  harmlessncss  oi  ordmarj'  quantiUrJi  cx-cn  when  coatinufd  (or 
vcr>'  Jons  pf^riuds  has  been  shown  {>articularly  by  Ko&t  and  hi8co-workeni(,t904,  iQo) 
ftml  hv  Lehniaiin  and  Trnilletn,  1909  (Long,  1912).  Thr  mrlabolism  i^  not  dt-rangnj. 
With  larger  doses  by  mouih.  ibcrc  arc  signs  of  gasiro-inlcsUnaJ  irriuiion,  due  to  the 
liberation  of  sulphuruus  add  [Jacob]  and  Wulbauni;  iqoOJ.  Kiunka  and  Ebstein.  looj, 
and  IliirrinKton,  1Q04,  dcscTil>cd  bcmarrhajric  and  inJlammalory  Icsioru  in  iho  ktdncyt 
and  other  organs  after  long-continued  use;  but  these  have  not  been  confirmed  by  later 
olMcrver^  and  were  [irobably  arndental.  The  absorbed  sulphite  is  rapidlv  oxHlurd  to 
sulphate (i'fcilTtr,  iSttj;  Kost  and  Sonntag,  1904)  and  U  is  only  when  Ihu  capacity  {■ 
exceeded  by  ver>'  large  doi<.c«  or  intravenous  injection  that  toxic  effects  appear-  These 
lower  the  blood  pressure,  depressing  the  central  ncrvou*8>-»teni,  especially  liie  racdulta, 
the  cardiac  and  arterial  muscle.     Death  ixcurs  by  jMualysk  of  mpiratioo  iKoit, 
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T914}.     In  man,  1  (im.  produced  do  effects;  4  lu  6 

and  circulatory  clisturlHinccs  (Kost;  Kranz,  1912). 


Gm.  caused  violent  coUc,  diartl 


FREPAItATlONS — StTLPHITES 

Sodii  Sulphit,  B.P.;  Sodium  Sulphite,  XatSOt  +  ;TItO.— FVeely  wl.  10  water  (i:a 
Dnsc,  0.3  to  1.3  r.m..  s  to  30  gr.,  B.I*.     <)xi<ILres  in  air  to  sulphate. 

SaH.  .Sulphis  Exsic.,  U.S.P.,  NaiSO).— Freely  wl.  in  water  (1:5.2).    Ihtse,  i  Cm., 
iS«r..  U.S.P. 

Sodii  Thiesiifpbas  (Sod.  Thknulph.),  U.S.F.  (Sodium  Hyposulphite),  KatSfOi 
sHiO.— Very  50!.  in  water  (1:0.5).  Dose,  t  Cm.,  ij  jr.,  U.S.P.;  as  cathartic.  rver>- 1 
hours  if  necessary  (Petteys). 

OXIDIZING  AGENTS 


OZONE 

This  is  a  polymeric  form  of  oxygen  (Oj),  which  decomposes  v 
readily  with  the  liberation  of  active  oxygen.     It  is  therefore  strongly 
oxidizing,  deodorant  and  antiseptic;  but  is  too  easily  destroyed  in  the  pres- 
ence of  organic  or  other  oxidizable  matter.     Efficient  concentrations  are 
alw  highly  irritant  and  produce  toxic  depressant  sj-stemic  cfTi-cts.     It  is 
being  used  for  the  sterilization  of  water.     Traces  of  ozone  arc  cunlJiin 
in  the  air,  especially  after  thunder  storms,  but  the  quantity  is  much  t 
small  to  have  any  effect  whatever;  in  fact,  concentrations  far  bcyo 
human  tolerance  are  of  uncertain  cfiiciency  (J.A.M.A.,  57:   1370,  toil 
At  most,  its  persistent  presence  is  an  indicator  of  the  absence  of  orgx 
matter  in  the  air.    The  odor  of  ozone  is  characteri.stic  and  disguises  ot 
odors. 

Effects  of  luhalatioa. — The  older  methods  of  preparing  oxone  devdoped  irriiaat      ; 
nitrogCD  oxids.    The  modem  machines  arc  free  irom  this  defect.     Hy  their  use,  oxh      1 
centratioDS  of  5  to  10  per  million,  inhaled  for  a  sburt  time,  proiluce  in  man  iDU 
amplitude  of  the  puUe,  drowsiness,  and  persistent  headache — the  latter  pre' 

irritation  of  the  sinuses.    Ten  per  million  inhaled  for  fifteen  miooles  pfodi     

throat.  One  |ier  million  diminishe»  ihe  oxygen  intake  and  the  CO.  output.  Prftemfti 
expoifre  to  concentrations  below  i  per  milUoa  docs  not  produce  noticeable  disturbanct; 
but  with  higher  concentrations  there  is  irritation  of  the  respiratory  trad  aad  Otb« 
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mucous  membianes,  Icadiog  to  fatal  pulmonary  edema;  or  in  acut«  tosic  concentrations, 
U>  initial  rcsllMUicss  followed  by  depression  and  coma  Ijordan  and  Carlson,  191J; 
Hill  and  Flack,  1911;  Sigmund,  itioy,  UuMtinl,  1S91).  Expiifture  for  two  hours  lo  10 
or  1 5  [Krr  million  is  dangerous  to  life,  but  the  irritant  effects,  cough,  headache,  etc.,  pive 
arnjnc  wanking  to  avoid  the  danger.  For  un  antiseptic  action,  al  least  13  per  miUion 
•rould  be  necessat>'  (L-  HiU  and  Flack,  1911}.  The  air  contains  at  most  0.00015  to 
O.IS8  per  milluHi.    Its  seasonal  occarrence  is  discussed  by  Holmes,  191  j. 

rl  HYDROGEN  PEROXID 

The  pcroxids  are  fairly  stable  in  pure  solulions,  but  on  contact  with 
cAlalyzers,  inorganic  or  organic  fcalalascj,  lissues^  etc.,  they  split  off  ac- 
tive oxygen  and  are  therefore  strongly  anliseptic  ami  dcixlorant.  The 
acrtJuu  lasts  only  so  long  as  o,xygen  is  being  evolved,  and  is  therefore  brief 
anci  superficial.  In  deep  and  closed  cavities,  the  rapid  evolution  of  gas 
presents  danger  of  mechanical  injury  and  embolism. 

Uses. — Hydrogen  peroxid  is  employed  for  washing  fetid  wounds  and 

ulcers;  as  injection  for  gonorrhea;  as  mouth  wash,  etc.     It  is  non-toxic  and 

sca.rcely  irritant,  but  is  best  diluted  with  2  to  10  parts  of  water.     A  stronger 

I     (j^    per  cent.)  preparation  is  caustic.     In  contact  with  pus  it  foams,  and 

I     this  aids  mechanically  in  cleansing  the  wound.     Hydrogen  perojrid  is  ajso 

a  cliemic  antidote  for  cyanid  and  phosphorus  poisoning.     It  is  often  used 

for    bieaehing  the  hair  and  fabrics.     The  concentration  of  0.35  per  cent. 

*      (absolute)  in  miik  inhibits  the  development  of  pathogenic  bacteria  (Budde, 

i^>o^)  bu(  it  also  destroys  the  ferments  of  milk  and  is  of  questionable 

utility  (Hcinemann,  1913).     Siebcr,  1901,  claims  that  it  destroys  toxins. 

ii 

I^hagocytoais. — This  is  stimulated  in  vitro  by  hydrogen  pemxid;  whereas  free 
oiygen  i>  generally  dqires&ant  tH.  J.  Hamburger,  iiji^j.  Potassium  chlorate  and 
Icrricy-Knid  proved  inactive. 

PBEP/VKATIONS — PEROXIOS 

[-      *I.ioiurr    Jlydragetti!  Dtoxidi  (Liq.  Hydrog.  Diox.),  U.S.P.;  lAq,  Uydiog.  Perox.. 

'"R-P-;  Solution  of  Hydrogen  Dioxid  (Pcroxidl. — A  slightly  acid  aqueous  solution  ot 

o^O,    (npproximately   3  per  cent.)  corresponding  to  about   10  per  cent,  (volumes)  of 

available  oxygen.     Strfini*t-r  «olu[ioni  are  also  markett-d.     U  occurs  a«  a  colorless  liquid, 

cdorlc^s,  of  slifjhtly  acid  taste,  producing  a  peculiar  sen.sation  and  soapy  froth  in  the 

nouth.     It  ktcfis  best  in  bottles  stoppered  merely  with  a  plug  of  cotCoa,  and  standing 

ui  a  ciK)]  place.     It  is  incompatible  with  easily  oxidtzablc  substances.     It  decomposes 

F*du»lly.     ThisIsnotduiT  to  impurities  (Clover,  lyi^O-     Thcdecomposilinn  is  retarded 

by  &niall  quantities  of  acid  or  acclaiiilid.     The  latter  is  used  in  most  brands  (Kcblcr, 

'Jio),  but  in  lime  ihesu  acquire  a  vellow  tint  and  an  odor  of  nkro-bcnzol,  and  ^houM 

">e^^  rjol  be  used.     Do^e,  4  c.c,  i  dram.  U.S.P.;  a  lo  8  c.c,  4  lo  j  dram*.  U.P. 

"Solid  Pcraxiti"  consists  of  easily  sulublc  compounds  with  urea,  containing  about 
■    il  per  cent,  of  absolute  pcroxid. 


PEROXroS  OF  METALS 

•acse  may  be  conceived  as  compounds  in  which  the  H  of  H1O1  has  been  replaced hy 
■n»l5,  tod  which  art-  readily  (Ictoraposed  with  tbe  formation  wt  HjOa  or  of  active  oiy- 
Wj-  TVy  have  been  suggested  as  substitutes  for  hydrogen  pcroxid.  The  commercial 
P*''«'»cte  ire  usually  mixtures  containing  ij  to  75  per  cent,  of  the  real  peroxid.  TTi« 
"■JpOttnds  of  the  different  metals  vary  considerably  in  their  stability  and  solubility, 
Wi  Id  rhc  case  with  which  ibeir  soliitifins  are  decomposed.  .Acids  convert  them  rapidly 
aio  hrdrogen  peroxid,  f.i.,  MgOj  +  H,SO<  =  MgSO,+  HiOj,  In  this  way  the 
*yf  It  made  promptly  available.  Water  decompoics  them  more  slowly,  inversely 
"  «rir  lolubUily;  f.l.  ZnO,  +  H-O  =  Zn(OH),  +  H,0,.  Their  action  i*  therefore 
"""prolonged.  The  therapeutic  effect  is  also  modifiwl  by  the  nature  of  the  base;  thus 
*'^*ni  penniti  would  yield  a  solution  ^utiiciently  alkalioe  to  be  caustic.  Magnesium 
«  anc  pcrojdd  is  therefore  generally  preferred. 
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Uses.— The  antkcplic  etTects  are  utilized  in  &kin  disewcs  (ZnOi) ;  dentifrices  (MgOO; 
and  oguioil  gu^Lro-tntcstinol  fcrmcDtation  (CaOt).  Tbcsc  compounds  are  detcribeii 
in  N.N.R. 

Sodium  Perborate.— ^This  also  yields  hydrogen  pcroxid  on  contact  vith  water,  betas 
transformed  into  ni<-tal)nratc  which  act&  oa  a  mild  alkali,  NabOi  -)-  HjO  »  HiOi  4' 
KaROi.  It  ia  used  as  a  tiust  in;;  powder  or  3  per  cenL  solution,  as  a  substitute  for  peroiad. 
The  substance  is  dcjicribcd  io  N.X.R. 


ORGANIC  PEROXIDS 

TheM  were  introduced  hy  Novy  and  Freer,  iqoa.     Acetyl-benroyl  peroxid  {Artt<: 
zone)  and  surrinic  dioxiri  (AlphoKonr)  arc  described  in  N.N-R.     They  may  be  con«dern . 
a>.  IItU;  in  which  the  H  has  been  replaced  by  organic  radicab.     In  the  preMrncc  of  wate- 
thcy  arc  slowly  bydrolvicd,  forming  organic  pcr-adds,  with  very  active  oxidizing  aoc 
germicidal  properties  /-'• 

The  acetyl  benzoyl  peroxid  decomposes  into  acetyl  pcracid. '  acetic  acid,  and  th 
Insoluble  dibcneoyl  pcroxid,  according  to  the  equation  2C«H»C0OO COCHj  -f 
H,0  =  C,H,COOO  rOCHj  +  CH,l0,H-H  CHsCOOOH. 

They  arc  somewhat  used  as  local  and  intestinal  antiseptics,  but  arc  of  doubtfu 
efficiency  for  the  latter  purp<»e.    They  should  not  be  mixed  with  otKanic  liquids, 
kept  in  a  warm  t^ace,  aa  they  tend  to  explode.    'Ilicy  are  dcitcribcd  in  N.N.K. 


lODOXYBENZOIC  ACID 

This  has  a  strong  oxidiziDg  action,  even  in  the  body,  and  is  therefore  of  cooaiderab- 
sdcntitic  interest.    Locvenhart  and  Grove,  1911,  have  investigated  the  sodium  sal 
of  ihc  three  compounds:  (i)  lodberzoic  acid,  CiHi  CO»H*I. 

(1)  Tndosobcnzoic  acid,  CfUrCOiHI  ^  O. 

(3)  lodoxybenstoic  acid,  C*H«COjH  1  Z^* 

(2)  and  (3)  have  a  metallic  tiLstc,  rcscmoling  hydrogen  perond,  presumably  due  ' 
the  active  oxygen.    They  oxidize  heraoglobm  to  oxyhemoriobtn.    U)  U  irritati 

ii)  and  (3)  verj-  mildly.  The  systemic  effects  were  studied  oy  intravenous  iniecri 
t)  has  very  little  action.  The  oxygenated  compounds  {2)  and  (5)  produce  the  p 
Qomena  of  apnea,  marked  and  continued  fall  of  blood  pressure  by  depression  of  the  va 
motor  center;  brief  arrest  of  respiration,  also  by  depression  of  the  medullary-  cent 
The  vagus  center  is  not  affected.  These  actions  arc  due  to  the  active  oxygen.  (T 
can  not  replace  ordinary  mcrfccular  oxygen  for  maintaining  the  cardiac  activi 
Locvenhart  and  Kyslcr,  1913.) 

Antiseptic  Action. — The  oxidizing  property  promises  an  antiseptic  effect,  per 
even  in  the  tissue^,  since  it  is  not  mhibllwl  by  serum,     (j)  and  Is)  arc  much  m 
bactericidal  than   (1)  (Arkin,  1911).     lodoxybenzoatc  increased  the  prodQCtion 
antibodies  in  dogs  (Hcktuen,  1911);  also  the  production  of  hcmol>-sin  and  agglu 
in   rabbit!!,   when   injected  intravenously  shortly   .iflcr  immunixation.     It  stinsu 
phagocytosis  (.\rkin.   19)5,^-     Its  injection  also  lessens  inflammation  hy  mustard 
or  ullergy,  whilst  ihU  is  increased  by  cvanid,  indicating  that  edema  is  lessened 
oxidation  and  increased  by  asphyxia  (Ambcrg  and    Knox,     1Q13;    .\mbcfx,    19^=^ 
lodoso benzoic  actd  has  also  been  studied  by  Julin,  1914).    It  reduces  the  toxicity 
the  tuberculin  m  vitro  (.\rkin,  1916). 

POTASSIUM  PERMANGANATE 

In  the  presence  of  organic  matter,  this  splits  very  readily  into  Mn 
(forming  a  brown  precipitate),  and  into  oxygen.     It  is  therefore  an  eS< 
tive  oxidizing  agent  and  disinfectant;  but  its  efficiency  is  limited  by 
excess  of  organic  matter.     Its  action  is  only  superficial,  and  it  is  mark 
irritant.     It  is  iis<x1  as  an  antiseptic  for  mucovis  membranes,  esp 
the  urethra  (i  :  4,000  to  i  :  t,ooo).     A  1  :  5,000  solution  is  said  to  be- 
satisfactory  anesthetic  for  introducing  urethral  sounds  (Barton,  iqi; 
Beck,  1913,  recommends  it  against  bums  (1  : 4,000  to  x  :  3,000  on  ga 
^and  as  lotion). 


BOKIC   ACID   XSt>  BORAX 


523 


PREPARATIONS — PERMANGANATE 


It  is  an  antidote  to  organic  poisons,  especially  morphin,  hydrocyanic 
and  phosphorus  (i  ;  1,000  to  i  :  500).    A  saturated  solution  may 
be  employed  for  disinfecting  the  hands,   the  color  being  removed  by 

Eic  acid.    Large  doses  by  moulh  cause  death  by  gastroenteritis. 
Pouiisii  PerfnangaHOs  {Pot.   Permang.),   U.S.P.,   B.P.;   RiinOi.— Slt-ndcr,  dark 
ic  prisms;  odorle^'i;  agtringcnt  taste.     So!,  in  water  {1:11.5);  ilecompa^iMi  by  ale 
ukI  all  organic  mailer;  explosive.     Dose,  0.06  Gm.,  i  ffr.,  C.S.P.;  0.06  to  0.3  Gm., 

IU»  4  gi.,  B.P.;  dflutod. 
I  Liq.  Pot,  PertMHg.,  B.P. — i  per  cent.    I>oie,  7  to  15  cc,  3  to  4  drams,  B.P. 
[' 


BORIC  ACID  AND  BORAX 


These  combine  a  fair  antiseptic  power  with  a  low  toxicity  to  higher 
tmals.  They  arc  also  less  irritant  than  most  other  antiseptics.  Boric 
tcid  is  employed  in  surgery  as  dusting  powder,  as  saturated  (4  per  cent.) 
i,queous  solution,  as  boroglyccrite,  and  in  collyrla  (i  to  2  per  cent,  of  boric 
^d  or  sodium  borate).  Boric  acid  is  a  mild  acid,  and  increases  the  acid-, 
ty  of  the  urine;  borax  acts  as  a  weak  alkali.  It  dissolves  mucus,  lessens 
urinarj'  acidity,  and  is  used  for  cleansing.  The  acid  and  alkali 
icters  are  ver>'  weak.  The  borate  ion  has  no  other  lkerapentk  uses. 
Use  as  Food  Preservative. — Boric  acid  and  bora.x  have  been  extensively 
ilo\-ed  for  this  purpose.  Single  doses  are  generally  innocuous;  but 
:ir  continued  use  produces  slight  but  cumulative  effects,  so  that  their 
znployment  is  not  advisable. 

Antiseptic  Effidenc;. — Boric  add  (s  not  a  disinfectant.  Even  saturated  solutions 
o  not  kill  bacteria,  but  solutions  of  0.3  yicT  cent,  check  putrefaction  and  decomposition 
tmt  not  the  growth  of  pathogenic  orjjiinism^,  Bernstein,  iqioI.  Borax  is  somewhat 
•■s  evident.  Their  popularity  .is  food  preservatives  Is  attributable  to  the  absence 
f  dUtinciive  odnr  anil  taste,  and  to  their  rcluUvely  low  tonicity.     The  add  b  used  ia 

Fitji  in  the  concentration  of  0.5  per  cent.;  in  milk  of  o.j  per  cent. 
Action. — The  question  of  thdr  toxicity  lias  been  investigated  extensively.     It 
jf  be  premised  that  boric  add  and  borax  behave  exactly  alike.     A  man  linng  largely 
pKicrved  food  may  ingest  as  much  as  0.5  Gm.  of  boric  add  (or  its  equivalent  in 
onu)  per  day;  the  consumption  would  generally  fall  below  this  figure,  but  would  rise 
■^  '       rx\  f^am.«.     All  investigators  agree  that  nuanlilias  to  0.5  Gm.  have  no  immediate 
'!  any  kind  in  healthy  indiviiluulii,     When,  howewr,  the  ronsuinplion  is  con- 
—  -   .  lor  a  long  time,  quite  marked  effects  arc   produced   (Forster,  iflSs;  Ilcfftcr, 
903;  Rubocr,  ii^:;  Rosl,  lyoi.  ic>o3, 1905;  Wiley,  1904).    The  digestion  becomes  some- 
''hat  deranged;  the  twdy  weight  le&seru;  the  feces  become  more  watery  (but  ihere  is 
o  diarrhea  e\en  with  lurgvr  doies).     The  absorption  of  fat  and  of  nitrogen  is  somewhat 
jirninisbed.     The  urinary  nitrogen  Is  alightly  dctreaaed,  whiUt  the  phosphates  rise 
'>stinctly.     The  quantity  of  urine  is  scarcely  altered.     If  a  slight  albuminuria  was 
"•aent,  tWs  is  tncreasecf  (Wiley).      Boric  acid  therefore  seems  to  have  a  fumiiliilht 
*2^»»  on  digesrion  and  absorption,  metabolism,  and  the  kidne\'«.     The  cumulative 
Eftect  My  be  explained  bv  the  observation  that  the  excretion  of  boric  acid  is  slow, 
ERuinag  several  day^.     (however,  it  begins  within  ten  minutes,  and  reaches  its  maxi- 
■un  in  the  second  hour.)     On  the  average,  15  per  cent,  is  retained,  the  other  S5  per 
jB^t.  being  excreted  mainly  by  the  urine,  to  a  slight  extent  by  sweat  and  milk,  and 
^^ctkaDy  none  by  the  feces  (Wiley).    The  excretion  is  not  hastened  by  diuresis 
^'"*,  ^V'S)-     Traces  occur  normally  in  milk  and  PKgs  (Bertrand  and  Agulhon.  101  j). 
Tht  cfiects  of  siKh  doses  as  are  actually  consumed  would  therefore  not  be  very 
*"<"»,  even  if  llic  consumption  of  preserved  food  were  continued  for  a  long  time. 
*''*twa',  the  results  arc  somewh.it  deleterious,  even  in  normal  indi\'iduals;  and  they 
'wiW  probably  be  very  unde'^irable  in  patients  with  digestive  or  renal  disturbance. 

Somewhat  larger  doses,  r  to  3  Gm.  per  day.  produce  the  desc-ril>ed  effects  mora 
'Wly  and  more  seveieiy.    Headaches  appear.    With  5  Gm.,  the  subject  soon  becomes 
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unable  to  do  any  work.  Quanlittcs  above  3  Gm.  per  day  may  he  condemned  is  dis- 
tinctly btnnfuJ,  without  any  he»iuiUon.  (Some  investifjators  bold  the  oppu^tc  optaioo, 
for  in5tancc  l.icbreicb.  1903  and  1904.  Their  results  may  pcrbsps  be  explained  by 
indiviiiuul  (lifTerenccs  uf  sum  eptihility,  whicli  wen  ulso  noticcti  by  U  ilcy.)  HarringtoM, 
1904,  has  observed  lh;it  the  continued  administraiioa  of  borai  to  cats  leads  to  vtry 
severe  kidney  Ic^iuns.  Very  large  doses  calasc  acute  poisoning;  this  may  also  occnr 
from  local  administration  (van  Dort  Krom,  1906);  espedally  from  flushinK  ierou* 
cavities  and  from  the  use  uf  powdered  boric  acid  on  extensive  burns  (Savariaud.  1914'. 
The  symptoms  consist  ordirnirily  in  g.ustn^ntcritis,  cgngestian  of  the  abdominal  sSacen, 
nephritis  {gnnular  degcnenition'),  tuiiirlalirui  fkin  enipliona;  very  commonly  >'udiJ 
diMurbances,  musculur  debility  und  in^'o^rdination.  full  of  temperature,  collapae.  The 
autopsy  shows  fatty  dej^'cneration  (Rinchart,  njoi;  Best,  1904). 

With  plants,  even  low  concentrations  iu  the  tM>il  or  <.'ulturc  solution  causes  spotting 
of  tlwj  leaves  (Haselhoff,  1913). 

Minute  traces  of  boron  occur  in  aU  animals,  most  abundantly  in  the  oceanic 
(Dertrand  and  Agulhon,  1912).  Plants  also  take  It  up  readily  (ram  the  soil  (Cook, 
1916J. 


PHEPARATIONS — B  ORATES 

•.IrirfHW  fiorkmn  (Acid.  Bor.).  U.S.P..  B.P.;  Boric  Acid  (Boracic  Acid),  H»BO..— 
Translucent  foloriess  scaler,  or  light  very  tine  bulky  powder,  un<.tuou«  to  the  touch;       - — 
odorless;  of  slightly  saline  taste.     Slowly  sol.  in  water  (i;i8);  sol.  in  ale.  (1: 18):  freely 
sol.  in  glj-c.  {i:.().     Dose,  0.5  Gm..  8  p.,  U.S.P.;  0.3  to  i  CJm.,  s  to  15  Rf.,  B.P.;  as. 

urinary  antiseptic.    Locally,  In  lotions,  injections),  gargles,  etc..  3  to  4  per  cent.  (iH 

to  3  teusiiiH>n«  ])er  pint).     A  saturated  watery  solution  contains  about  5  per  cent.^ 
or  35  gr.  ]>cr  ounce. 

"Giyfcrilam  ficraglycfrSni  (Glyccr.   Borogl>'C),  IT.S.P,;  dyeer.  Add.  Bor.,  B.P.- 

30  per  cent.     For  external  use.  diluted  ten  times. 

•f'H^wr«(i(w  AtUl  Boriti  (Urn;.  Acid.  Bor.),  U.S.P.,  B.P.— 10  per  cent.;  In  Whiter 
Petrolatum,  U.S.P.;  in  P.^ralTin  (Wntmcnt,  B.P. 

Liquor  Aniistf4icus,  S.V.—\  mild  antiseptic,  containing;  in  t,ooo:     ao.  Boric  aad 
I.  Benzoic  acid;  t.  Thj-niol;  0.35  Eacal>*ptol;  01.5  Oil  Peppermint;  0,25  Oil  Ciaulthcria 
0.1   Oil  Th^Tnc;  250  Alcohol.     \  number  of  projMictary  mixtures,  r.r.  "listcrin,  ~  ^ 
have  a  similar  compoetition.     Their  antiseptic  ethaency  is  very  slight   (Vcrbocfl 
Ellb,  1907). 

'Sodii  Boras  (Sod.  Bor.),  U.S.?.;  Borax  Par..  B.P.;  Sodium  Borate  O»bor&te  o«i 
tttralKirate),   Boras,  M.-tiBiO,  +  loHiO. — Colorle**,  transparent  crystals,  or  whit -^ 
powder,  odorless,  of  sweetish  alkaline  taste.     Sol.  in  water  {1:15),  very  sol.  in  glyov 
(i:  I);  praclicallv  inwil,  in  ale.     ! m ompaiible  with  alkaloids,  acids,  mucuase  of 
(Free  boric  acia  is  not  incompatible  with  most  alkaloids.)     Dose,  0.75  Gm.,  13  p 
U.S.P.;  0.3  to  I  Gm..  5  to  15  gr..  B.P. 

Glycff.  Rorac.  B.P. — 10  per  cent. 

Md.  Borac.,  B.P. — 10  per  cent. 

Sodii  Pcrboras  (Sod.  Perbor.),  U.S.P.;  NaBO.  +  4H«0.— Sol.  in  water.     U»ed  lo 
making  oxygen. 

IODOFORM 

Uses. — This  is  obtained  by  the  action  of  iodin  on  alcohol,  aceton» 
etc.,   in    the   presence    of    alkalies.    It    has   been    known   since  iS 
and   was  introduced  as  antiseptic  about    1879.     It  acts  probably  h^ 
liberating  iodin;  but  this  shows  some  peciiHarities,  due  to  the  manners 
which  it  is  produced.     Iodoform  itself  is  practically  insoluble  and  probabl" 
inactive.     It  is  also  quite  stable  outside  of  the  body;  but  in  contact  wi^" 
tissues  or  their  extracts,  and  particularly  with  diseased  tissues  and  wi^~ 
bacteria,  it  slowly  evolves  iodin  (.\ltenburg,  Schmidt,  1901).     This  occti^ 
so  slowly  that  the  effects  are  mild,  but  quite  sufficient  to  be  markcdt  -^^' 
antiseptic  to  bacteria,  and  stimulant  to  the  cells.     It  also  dries  the  wou*-*~ 
secretions,  and  is  mildly  hemostatic  and  analgesic.     Hamburger  lou*^*^ 
that    it    stimulates    phagocytosis.     Its    injection    into    dogs    leads     t<^   _ 
persistent  leucocytosis  (W.  Weil.  1913). 
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These  actions  make  it  valuable  in  treating  open  wounds,  since  it  pro- 
motes  healing  by  stimulating  granulation  and  lessening  or  preventing  in- 
fection. It  is  the  most  widely  used  dusting  powder;  it  is  also  injected  into 
tubercular  joints,  usually  as  an  emuUion  with  glycerin  (iodoform  10, 
alcohol  and  glycerin  each  45). 

Iodoform  has,  however,  a  number  of  disadvantages:  The  most  ob- 
jectionable feature  is  the  persistent  odor,  which  can  not  be  disguised  by 
jiany  perfume.  Iodoform  is  also  apt  to  develop  iodism  and  irritant  phe- 
nomena in  susceptible  individuals,  producing  particularly  eczemas,  even 
in  minute  amounts.  It  may  also  cause  severe  poisoning  witli  narcotic 
fymptoms,  different  from  those  of  other  iodids, 

Genenl  Intoxication. — <P.  iluUer,  1905).  Tliis  may  occur  when  iodofarm  U 
pplicd  ovM  a  large  area,  or  when  it  is  injected.  The  symptoms  consist  in  diuTcsis, 
L55itude  and  somnolence,  Uallucinulion?.  diminished  rcflcxc!^,  light  conMiluon^,  and 
paralyses.  The  temperature  falls.  Dcalh  ijccurs  through  Kenerd  pandysis  of  the 
central  nervous  s>~stcm.  Sodium  bicarbonate  U  &aid  to  be  antidotal.  Chronic  poison- 
ing is  .ilso  characterized  by  nariilytic  pheiiumenu.  The  heart,  liver  and  kidneys  e^hitut 
fatty  changes.  Iodoform  dermatitis  is  sometimes  seen.  It  resembles  ivy  poisoning 
(Bryan,  iQoi).  The  idi^^yia raster  arc  not  analugou!^  to  anaphylaxis,  for  thev  can 
not  be  transferred  positively  [Siropcni.  191 1).  Fatal  poisoning  from  intrapleural  injec- 
tiun-is  reported  by  v.  BonsdorR,  1916. 

Excrtiion. — Iodoform  is  not  cscreted  a5  such,  cither  by  the  kidneys  or  lunfcs.     It 
rs  in  the  urine  as  I'xlid  and  iodate.  and  as  unknown  organic  compounds  (An- 
ioloni.  190^1  Ilaroack  and  Ortlndler,  tftSj). 

Iodoform  Substitutes.^ — The  disagreeable  qualities  of  iodoform  justify 
he  search  for  efficient  substitutes,     A  number  of  odorless  iodin  derivatives 
were  lrlc<l.  especially  thymol  iodid  (artstol),  but  their  popularity  was  shorl- 
li  ved,  since  they  do  not  seem  to  possess  the  peculiar  activity  of  iodoform. 

PREPARATIONS — lOITOFORM 

'lojojarmitm   (lodofO,  U.S.P.,  B-P.  (Triiodo-mclhjvnc).  CHIj.— Cont^ns  97   per 
ccciL  of  lodin.     Usually  obtained  by  the  action  of  iodin  upon  alcohol  or  acetone,  in  the 
p^r^ttacc  of  an  alkali.     Fine,  lemon-yclIow  powder,  m  crystals;  {peculiar,  very  penetrat- 
J»My  ud  persistent  odor;  unplca^tant,  slightly  ^weeti^h  tasilc  ftugcestive  of  iodin.    Nearly 
io^ol.in  trater;  sol.  in  iilc.  (i;6o),  in  glyc.  '(1:8a),  or  wUve  oil  (1:3*);  freeU-  »oI.  in  eth. 
-  7  s).    Dcsf,  0.35  Om.,  4  gr.,  U.S.I'.;  0.03  to  o.a  Gm.,  M  to  3  RT.,  B.P.j  in  pilU  or 
rKule».    MaxifHum  dose,  o.i  Gm.,  3  gr. 
Sufp.  iodoj..  B.r.— 0.2  Gm.,  \  gr. 
r»j.  todvL  U.S.P.,  B.P.— 10  per  cent.,  in  lard. 
^^^^  Itigform  (and  other  loose  iwlin  derivatives)  are  itu^mtpatthU  with  starch.    They  are 
^t^  *  ^O'lfly  dicomposed  by  heal,  and  can  therefore  not  be  sterilized  in  this  manner.     Since 
'™  ^  Jf  became  anliseplic  when  applied  to  wounds,  slerili/alion  is  usually  superfluous, 

TIk  tcdoform  SuhstUuUs  are  also  injured  by  heat  and  light.     'ITicy  are  all  insol.  in 
*^*-tirand  ore  used  like  iodoform. 

^^^^'Thymolis  lodidum  (Thymol.  lod.),  U.S.P.  (DIthvmol-diiodid;  Aristol);  (C,Ht  • 
^^*^rCiHtOI)».^!ontain»  at  least  43  per  cent,  of  iuain.  ChiKulate -colored  (xiwder 
^^Ki  iUgfat  aromatic  odor.    Insot.  in  water  or  gl>-c.;  slightly  sol.  in  olc,  readily  in  otU, 

GENERAL  CONSIDERATIOTi  OF  ANTISEPTICS 

Tmiicity  and  Resistance. — The  protoplasm  of  bacteria  is  fairly  readily  injured  by 

^^**)  ^^bslanLe*.  and  by  physical  changes.     The  condilionft  under  which  it  exists  are, 

^|^*^vcr.  fomewhat  peculiar;     By  virtue  of  a  highly  impenetrable  cell  wall,  and  by  the 

■"fjnuion  of  very  resistant  spores,  bacteria  are  able  lo  survive  condilioas  which  would 

**'"  Qther  cells.     Under  these  adverse  conditions  the  niicrij<jrK;ini<m'i  are  indeed  unnble 

tPo*  and  multiply;  but  by  passing  into  a  dormant  state,  iiarticuUrly  by  spore  forma- 

w**,  tb«f  are  able  to  preserve  their  vitality  for  a  considerable  lime,  and  lo  recover  their 

V^^tT-Oi  growth  as  soon  as  the  conditions  become  more  favorable.    Substances  which 
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merely  suspend  the" vitality  of  bacteria  are  callctl  anihrplus:  whilst  ihosc  which  UU 
them  outright  arc  termkitics.  A  third  class  of  diUDfectanu  i&  formed  by  the  dcodoranli. 
which  oIkcutc  or  destroy  the  odorous  bacteria!  products,  but  which  have  UtUe  action 
on  the  bacteria  themselves. 

Factors  Betenmmiig  Usefulaess. — The  nature  of  the  antiseptic  subsuncc.  or  the 
strength  in  which  it  is  u*ed.  are  by  no  means  the  only  factors  delcrraining  its  eSicienry 
and  usefulness.     Amonc  the  other  more  important  factors  may  be  rocnlioncd: 

The  niiture,  peculianlies  ami  number  of  rnifri:Mirj;;ini>m)i;  the  lime  of  expofurc;  the 
influence  of  organic  matter;  the  penetration,  toxic  and  corrosive  actioru  of  the  aireat; 
and  in  some  cases,  it*  cost.  Widely  advertised  antiseptics  especially  present  a  verjr 
ftrikinj;  dLt  proportion  between  cost  and  efficiency. 

The  Influence  of  Proteins  and  Other  Organic  Blatter. — Many  substance*  which  are 
stronitly  Kcrniifidal  wlicn  acting  on  the  bacteria  alone  arc  much  weakened  by  entering 
into  chemic  reactions  with  the  medium. 

Thus,  potassium  permanganate  is  dfstroyed  by  all  organic  matter;  merctiric  chlorid 
is  prteipilated  by  protein;:  silver  nitrate  by  chlnrid:>.  etc.  These  insoluble  combiiu- 
Ctoos  are  no  longer  (^cnnicidal.  FurLlicr,  they  Hinder  Uk  pentiration  of  the  antiseptJc, 
a.  condition  of  considerable  surgical  im|X)rtance.  The  antiscplic^  of  the  aronutic 
aeries  arc  relatively  little  affected.  From  the  standpoint  of  antiseptic  effidency  and 
penetration,  the  phenols  stand  highest,  experimentally  (Keilly  and  Packer,  1915;  for 
relative  place  of  other  antiseptics,  the  orifiinal  paper  must  be  consulted).  Ilowevw, 
even  thcs^c  are  marlccdly  impeded  by  serum,  cx-ca  when  there  is  no  predpilation 
(Bechhold  and  EhrHch,  loois).  Indeed,  serum  and  body  fluids  in  general  interfere  very 
much  with  the  atlintv  of  all  antiseptics  (Vcrhocff  and  F.ilis.  1907). 

The  Disinfecting  Power  of  the  Commonly  Used  Antiaepticft. — On  account  ol  the 
different  re^i^ting  rx-wcr  of  dijlcr«nt  bacteria,  and  the  ease  with  which  the  antbeptic 
action  i*  motlil*ii*d  by  circiinist.-tnres,  the  re-.u!ls  uf  ex|>erimcr1s  Hirfcled  to  cornxuiinx 
the  ditfcrent  antiseptics  can  not  be  generalized.  TaUcs  of  anti>epLic  values  are  there- 
fore uasalistaclory.  In  a  j^eneral  way,  it  may  be  said  that  metturic  chlorid  and  wlver 
nitrate  are  the  most  powerful.  Then  come  copper  and  idnc  salts;  then  formaJdeh>-d, 
chlorin,  and  hyilrogen  jwrtwid;  then  the  crcsnls,  then  carliolic  acid.  Salicylic  add, 
boric  add,  sulphurous  acid,  and  the  essential  oils  arc  antiseptics  rather  than  gentnidda. 
Iodoform  manifests  its  action  only  under  special  conditions.  Ferrous  sulpliatc  b 
merely  deoiiordant .  Lepine,  i88(),  claims  ihiit  mixtures  of  antiseptics  ore  often  more 
eihcient  than  would  be  expecte<l  from  their  ingredients.' 

The  Preservatiofi  of  Food.^The  liability  of  organic  food-stuffs,  especially  meat  an^ 
milk,  lo  bacterial  dccoiti|><>siiion,  (ifti-n  renders  their  chemical  preservation  a  matter  of 
economic  necessity.  .Ascpsb,  refrigeration,  or  sterilization  by  heat,  are  not  alwayf 
applicable.  That  the  use  of  chrmic  preservatives  is  theoretically  uodeurabW,  oo 
account  of  their  possible  deleterious  action,  is  universally  granted;  in  practice,  how- 
ever, this  evil  may  be  less  than  lht»e  resulting  from  the  consumptinn  of  partly  aecoSD- 
posed  foods.  The  time-honored  use  of  sugar  or  salt-cured,  corned,  and  smoked  meats. 
of  vinegar,  si»ces,  etc.,  is  a  sufficient  proof  of  the  comparative  inoocuousness.  of  aome  of 
the  presen'ative  measures.  More  recently  there  ha\x  been  introduced  a  number  <A 
preservatives  which  are  more  powerful,  and  which  can  not  be  detected  by  the  taste. 
These  ofTer  a  spn  ial  interest,  and  they  have  accordingly  idveo  rise  to  much   difcuadoa. 

It  is  self-evident  that  markedly  toxic  and  irritant  iui>siances,  such  as  farmaldehytl. 
should  he  entirely  excluded.  The  principal  dillerence  of  opinion  is  in  rtgard  to  sub- 
stances, such  as  bcnzoates.  borates,  sulphites,  saccharin,  etc.,  which  do  not  produce- 
marked  effects  in  the  quantities  ordinarily  uscrl.  Their  opponents  rest  their  objections 
mainly  on  their  action  on  weak  or  diseased  indisiduals,  on  infants  nqjhriUcs,  and 
d>i*peplics;  and  to  the  cumulative  effects  of  their  continued  administration.  There  is, 
however,  no  evidence  as  to  the  degree  of  danger  from  their  intermittent  use.  under  the 
actu,il  conditions.  .\t  all  events,  the  consuoKr  should  be  made  aware  of  the  addition 
of  the  presiTs  alive,  .ind  of  any  {mssible  danger?. 

Urinary  Antiseptics.— The  urine  and  the  bladder  may  be  disinfected  to  a  constdcrahlc 
degree  by  drugs  administered  thruuii^h  tlie  mouth.  The  enioKUcy  of  urinary  antiseptics- 
Is  naturally  limited  by  the  brief  contact.  It  is  therefore  not  neccswnly  reflected 
in  the  phenol -coefficient  (Hlnroun,  1915).  Tlic  antiseptics  of  the  aromatic  srries  af»- 
suffictenlly  concentrated,  in  the  course  of  their  excretion,  to  be  effective,  e.g.,  in  itonor- 
rhcB.  Sodium  salicylate  or  benzoatc  or  salol  arc  used  for  thb  purpose,  as  also  copaiba, 
cubeba.  sandul-woixi,  mcthvlene  blue,  etc.  Santa.1  is  especially  useful  aftalrtsl  staphylo- 
cocci; but  none  of  these  nntiM.>pt>cs  are  very  powerful  (ILmman,  1015).  The  most  uicftJ 
proiluct.  however,  is  hexamethylenamin,  which  yields  formaldehyd.    This  is  used  £•• 

ryclitLs,  inflamed  bladder,  and  for  rendering  the  urine  aseptic  (as  in  typhoid  fevcs). 
Dcreascd  acidity  of  the  urine  also  destroys  bacteria.     Duule  mineral  adds,  or  adii 
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iflium  phosphate,  may  be  used  Oordan,  1911).  Alkalinity  interferes  greatly  with  the 
'■ctivity  i)f  henzoates.  salicylates  and  hcxamcthylcnamin;  not  so  much  with  borates  or 
sandnl  (Jordan,  igij). 

lotestiDAl  Antiseptics. — The  disinfccLion  of  the  ^dtmcntary  cimal  would  be  useful 
in  various  dyspepsias,  intestinal  pulrtf.ictton,  in  typhoiil  (ev<T,  cholera,  etc.  Muny 
cxpenmcnts  have  been  directed  to  thb  end.  As  a.  result,  it  may  be  concluded  tliat 
coM£lcl«  asepsis  is  im^usibU  in  this  situation. 

This  is  easily  comprehended  if  one  stops  to  consider  the  large  number  oi  bacteria 
present,  especiaUy  in  the  colon;  the  large  dkiss  of  mcittrriul  in  the  intestine,  tetiding  to 
weaken  the  antiseptic  and  to  prevent  its  access;  the  ready  absorption  and  conscriucnt 
danger  uf  general  poboning;  the  sensitiveness  u£  the  intestinal  canal  to  irritating; 
agencies;  the  fact  that  ferment  action  is  diminbhitd  by  all  antiseptics,  etc. 

When  the  .inliseptics  are  used  in  such  an  .imnunt  iis  to  injure  the  mucosa,  they  may 
'even  increase  the  number  of  bactcriii.  It  was  also  argued,  at  one  time,  that  antiseptics 
would  l>e  injurious  by  checkinjr  the  saprophytic  bacteria,  which  were  supposed  to  be 
nec€3isar>'  for  digestion.  This  thcorj'  has  been  dijiproved;  nor  do  they  appear  to  hinder 
the  dij^estive  ferments  materially,  although  they  tend  in  this  dircctiun  (Ileineberj; 
and  BachmAnn,  1909). 

Although  a  comjilctc  intestinal  asvpus  is  nn  impossibility,  a  relative  ascpus,  a 
limitation  of  an  .abnormally  increased  bacterial  action,  is  rather  probable;  it  has  not, 
however.  Iicen  satisfactorily  demonstrated  (Harris,  1911). 

The  bacteria  tn  the  lumen  of  the  Intestine  would  be  much  more  readily  acted  upon 
than  those  which  have  already  obtained  a  nidus  In  the  intestinal  walls,  and  antiseptic 
measures  will  be  of  gre.-itest  benefit  against  the  unprotected  bacteria. 

The  antiseptics,  at  be^t,  seem  to  be  inferior  to  suitable  tnoditicatioos  of  diet  and 
«%-acuation  of  the  intestines  (Friedenwald  and  Lcilz,  iqoq).  For  antiseptics,  more 
strictly  speaking,  the  preference  is  given  to  those  which  arc  only  sparingly  soluble,  so 
that  ihry  will  nut  be  a'l^orbed  Ijefurc  reaching  the  colon.  The  most  useful  intestinal 
BOtisepucs  are  naphthalin.  naphthol,  the  crcsoU,  .-ind  guaiacol,  thymol,  camphor,  salol, 
etc-     Comparative  experiments  with  these  and  others  were  made  by  liirata,  1510. 

^H*  Antitoxic  Serums. — These  contain  antitoxic  substances,  produced  by 
^^we  injection  uf  bacterial  to.^tiis  Into  livittg  animals,  in  practice  usually 
^^■■^i^es.  Definite  globulins  of  the  serum  of  such  immunised  animals  cod- 
^^ain  specific  antibodies,  which  combine  with  the  corresponding  to.xins 
into  harmless  compounds.  The  injection  of  these  serums  into  patients 
therefore  confers  a  passive  immuniiy  to  the  disease,  without  other  direct 
effects.  According  to  the  time  and  place  of  injection,  rapidity  of  absorp- 
*>Q,  accessibility  of  the  toxins'and  bacteria,  the  effect  may  be  curative 
Dierely  prophylactic.  The  protection  persists  only  for  a  few  weeks, 
*il  the  antitoxin  is  destroyed  or  excreted.  The  serum  proteins  often 
**usc  the  slight  irritative  phenomena  of  "serum  disease,"  and  sometimes 
*vcfc  anaphylaxis. 

•^Uloxin  therapy  is  limited  to  a  few  diseases,  especially  diphtheria 
**^^  tetanus.     Most  other  bacteria,  especially  those  with   cndocellular 
^15,  do  not  provoke  the  formation  of  soluble  antibodies,  at  least  in 
Efficient  amount  to  be  cflTeclive. 

Vaccines. — ^Thcse  provoke  the  formation  of  .*;pecific  antibodies  by 
Hj*  patient  himself,  by  inducing  a  mild  or  modified  harmless  attack  of 
J  *^  diseasw.  They  therefore  confer  active  immuniiy,  which  is  much  more 
**ting  than  the  pas.sive.  Their  field  is  much  wider  than  that  of  the 
'^t^loric  serums,  since  probably  all  bacteria  and  their  products  can  act 
*^  anligcns.  The  bacterial  vaccines  arc  usually  suspensions,  extracts  or 
^ttates  of  killed  cultures  of  the  specific  bacteria.  Those  prepared  from 
">«  organisms  obtained  from  the  patient  himself  (autogenous)  are  usually 
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much  more  effective  than  "stock"  vaccines.  As  vaccines  do  not  con- 
tain sernm,  they  do  not  produce  "serum  disease";  bui  their  toxins  usually 
cause-  more  or  less  febrile  and  local  reaction.  Their  value  is  most  striking 
in  prophylaxis;  in  this  way  they  may  be  effective  even  after  exposure, 
but  before  the  disease  has  developed.  They  may  also  be  curati^ 
cially  in  stationary  localized  infections. 


Hechanlsm  of  Actioa. — The  vaccineji  act  largely  by  provoking  the  prodi 
spccitit:  an(ilM)ilic»;  l>ut  jiurlly  also  by  stimulation  of  the  leucocytes  ukI  other  artiwilia 
(Hektoen,  1916^.  Incre^iac  of  protea&e  and  lipaitc  may  be  important  factors  t  Jobling 
and  PcltTStfQ.  1916).  These  mechanisms  are  invoked  c^iKi'ially  tocxplaio  ihc  activity 
of  Qon-spccitic  factors  such  as  the  injection  of  non-specific  bacteria  and  toxins,  protein, 
deavage  products,  kaolin,  etc. 

Senatixed  Virus  Vaccine*. — Linng  bacteria   treated  with  specific   antiierB  »n- 
clumed  by  B»re<lk.i  to  be  povrerful  and  liarmlesa  vacctnea.     More  erteouv-e  experi* 
eoce  is  needed  (Swift  and  Kjn«clla,  IQ16). 

LimitatioDs  of  the  Text — Thu  theories  o(  the  nature  and  formatioa  of  loxitu  anJ 
antibodies  arc  usually  assti^ed  to  bactcnolof^  and  pathology,  and  need  not  be  coo- 
^dcrcd  here;  nor  n-ill  It  be  pro(itab3c  to  di^us^  the  numerous  agents  whose  \'aluc  is  aol 
>xt  established.     Those  which  are  more  or  lc«s  proraisini;  arc  described  in  X.N.R. 

DIPHTHERIA  AKTITOXHf 

This  was  discovered  by  Behring  in  t&QO,  and  applied  iherapcudcany 
to  man  by  Roux  in  iSgi.  The  results  are  strikingly  successful.  It 
arrests  the  local  process  and  the  systemic  symptoms,  and  reduces  the 
mortality  of  the  disease  to  about  one-fourth.  It  should  be  administered 
in  adequate  doses,  as  early  as  possible;  for  the  mortality  increases  from 
4  or  5  per  cent,  if  it  h  given  on  the  first  day,  to  over  so  per  cent,  if  delayed 
bcynnti  four  days  (Park,  1906). 

Production. — The  antitoxin  is  produced  by  injecting  htftlihy  horses  h^'podcnnlcally, 
■t  four-dav  intcrAiils  with  diphtheria  toxin,  i.e.,  nnlh  filtered  :«terile  brotlt  culturts.  be- 
ginning with  very  small  doses,  whiiih  are  increased  at  var>'ing  intervals,  accarding  to 
the  amount  of  reaction.  This  treatment  u  continued  lor  from  f<iur  to  ax  mootlH. 
until  u  htKh  antilnsic  [xtwer  has  been  reached  (as  dclermiDed  on  small  samples  of  blood, 
withdrawn  from  time  to  time).  The  horse  is  then  bled  from  the  external  jugular  vda, 
with  strict  a:>epsis.  TbU  can  be  easily  done  without  anesthesia.  Seven  to  12  lilen 
are  collected  in  sterile  t>otlles.  When  the  serum  or  plasma  has  upamted.  it  is  titercd 
through  Rerkefcld  tilters,  and  some  antiseptic  (ptienol  or  crcMl),  u  added.  The  anti- 
toxic !.trtngth  is  determined,  and  the  appropriate  doses  nrc  marketed  in  aseptic  gluK 
syringes,  to  obviate  contamination  during  administration.  Weaker  scruns  may  be 
reducetl  in  bulk,  by  partial  evaitoration  in  a  vacuo. 

StandardizatioiL—'rhc  strength  of  the  antitoxic  sera  has  to  be  dclemiasd  byi 
testing  its  protective  power  on  guinea  pi>cs.  The  original  tmrnuHi'ty  unit  was  t«a  tUnw' 
that  quantity  of  anutoxin  wluch  would  completely  protect  a  ijo-gram  piinem  pigl 
against  ten  limes  the  fatal  dose  of  toxin;  in  other  words,  each  immunity  unit  oraualicea 
a  hundred  fat.il  doses  of  toxin. 

It  was  found,  liuwever,  that  a  given  »erum  seemed  to  havt  a  different  antitoxic 
value  when  tested  with  diiterent  sa.mple)^  of  toxin.  This  was  explained  by  Khriich  by, 
the  assumption  that  the  tiltcred  broth  culture  contains  several  constituents  capable  o(| 
neutralizing  antitoxin;  and  that  only  one  of  these  is  toxic.  The  piiip«irtii)n  of  toiic  loi 
non>toxic  neutralizing  clement^  varied  in  the  several  cultures,  so  that  the  neutJ!feUtlB|[l 
and  toxic  qualities  would  not  go  parallel.  To  obviate  this  uncertainty  a  standard  scrvn 
was  prepared  from  a  certain  standard  toxin. 

This  standard  antitoxin  is  issued  by  the  U.  S.  Public  Health  Ser\-icc  to  manufacturen. 
and  is  in  turn  used  for  determining  the  "tat  dose"  of  the  toxin  to  be  emplnycd  in  tb* 
actual  standardixation.  T'hts  is  lb<  largrsi  quatilUy  0/  hxin  vkitk  («n  be  compUUly  ma^\ 
trtUited  by  tkf  unit  of  staHdurd  antiloxtH,  so  that  a  25o-grara  guinea  pig  will  surfiv*  tati 
(our  days.     This  toxin  is  then  U5ed  in  standardixing  the  scrum  lu  be  tested;  tk*  n    ~    ~ 


QU'iHtity  of  serum  -u.'huh  nftttralizes  a  lest-dosc  of  (he  toxin  amtains  imw  mmt  of  amiitnmm,  | 
Thi.4  new  unit,  which  i«  now  emplo>'td  univcisally,  is  approximately  equlvui 
old  unit,  but  is  more  uniform. 
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"  Purified  Antitoxin." — If  the  proteins  of  antitoxic  serum  are  sepa- 
rated by  fractional  precipitation  with  sails,  the  antitoxin  is  found  prac- 
tically completely  in  ihe  pseudoglobuUn  portion  (Gibson  and  Collins, 
1907;  Banzhaf  and  Gibson,  1907).  Tht;  non-antitoxin  proteins  may  thus 
be  largely  eliminated.  These  "refined"  serums  permit  reducing  the  hulk 
of  the  injection  and  lessen  the  liability  to  rashes  but  not  to  anaphylactic 
shock  (Park,  1913). 

The  GUuoH  process  of  puri6ciiUon  consists  in  precipitating  all  the  globulins  by  an 
K(|UaI  volume  of  saturated  amfnunium  sutphnte  solution  {othtrr  ■iulphates  muy  be  used); 
the  precipitate  is  tre^ued  vinth  »utur;iicd  solution  of  sodium  chlorid,  which  dint^ulvc^  the 
pACudotrlobulio.  This  is  aKoia  precipitated  by  acetic  acid,  and  Ihii  precipitalB  is  dialyzed 
to  rcdme  ihc  salt  to  0.8  per  cent.  Tlic  p&cudoplobulin  fraction  of  normal  svrum  is 
sbout  40  per  ccnL  of  the  intal  proteins;  in  imtnuriized  serum  it  is  about  7S  per  cent.; 
aw  that  this  process  eliminates  only  about  one-iifth  of  the  total  proteins.  The  propor- 
"tion  can  be  raised  by  heutin};  the  serum  for  several  hours  to  57°C.,  before  procetding  to 
Cibeon's  process  (Banzhai,  191 1).  This  BaMzhcf  process  eliminates  about  50  per  cent, 
of  the  protcEns,  without  raatcHBl  loss  of  antitoxin  (Park,  1910). 

I>eterioratioii. — The  antitoxic  power  of  serum,  plain  or  purified,  de- 
clines gradually,  the  loss  averaging  between  ro  and  30  per  cent,  per  year. 
If  kept  on  ice,  the  yearly  loss  is  only  about  6  per  cent.  f.\nderson,  1909). 
If  aged  scrums  are  used,  allowance  must  be  made  for  the  deterioration; 
<>therwisc  their  use  is  quite  safe.  Dried  scrum  does  not  deteriorate,  but 
s  inconvenient  to  dissolve. 

Clinical  Efficiency. — The  antitoxin  is  not  directly  bactericidal;  but  by 
i  nactivating  the  toxin,  it  arrests  promptly  both  the  systemic  and  local 
phenomena  of  the  disease,  the  more  strikingly  and  promptly  the  earlier 
i  t  is  used.  The  exudation  ceases  to  spread  and  clears  more  rapidly; 
i  t  rarely  extends  to  the  larynx:  the  swelling  of  the  cervical  glands  subsides; 
the  fever  falls  promptly,  and  the  general  condition  improves  quickly. 
,*The  occurrence  of  paralysis  is  not  affected. 

'  The  very  much  superior  results  of  early  adminislraiimi  make  it  incum- 

1':keni  to  employ  the  antitoxin  just  as  soon  as  a  well-founded  suspicion  of 
<iiphtheria  e.xists;  i.e.,  without  waiting  for  a  positive  diagnosis.  The  pos- 
s^ible  dangers  of  the  treatment  are  so  slight  as  to  be  negligible  in  view  of  its 
eat  benefits.  It  is  even  advisable  to  employ  immunizing  doses  in  case 
f  exposure,  before  the  disease  develops. 


W' 


FaOure  to  Prevent  Paralysis. — H.  Meyer,  1905,  attribute*  this  to  the  absorption  of 
'■^K'vrt  of  the  toxin  through  the  nerve  ahcaths,  when:  it  would  be  protected  against  the 
-^xiltlntin. 

Circ\tlatoi7  Collapse. — This  is  prevented  if  the  antitoxin  is  administered  before  the 
V»lnixJ  pre>>urc  lias  started  lo  fall;  after  this,  antitoxin  is  useless  (H.  Meyer,  1909),  tht 
^vorin  Doing  presumably  &ied  in  the  cells. 

Administration. — All  immunizing  sera  are  practically  inactive  when 
t-aken  by  the  alimentary  canal  (McClintock  and  King,  1909,  p.  394)* 
"XTiey  are  therefore  injected  into  the  loose  subcutaneous  tissue  of  the  ab- 
domen, back  or  flank.  The  skin  and  needle  should  be  cleansed  with 
alcohol.     The  injeclion  is  made  slowly.     Intravenous  injection  has  been 

^.flviscd  in  urgent  cases.     It  does  not  seem  to  be  dangerous  if  proper  pre- 

•cautions  are  obsei^ed  (Levin,  1909;  Park,  1912). 

Ablorptloa. — This  is  quite  slow,  the  ma.ximum  concentration  of  antitoxin  tn 
*be  blood  being  reached  only  after  a  day  with  intramuscular,  and  in  three  days  with 
^iVpodennic  injection  (Levin.  Park).     The  distribuiion  has  been  studied  by  Hektoen  and 

The  coocentralion  of  antibodies  generally,  both  in  active  and  passive  immunity. 
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decreases  in  Ifac  order  of  serum  (highestj,  thorauc  lymph,  Dcclc  lymph,  pcricatdbl 
fluid,  aqueous  humor,  cctchro- spinal  fluid  (least).  This  iudicatcb  that  ihc)'  pasftfron 
the  blowl  into  the  lymph  (Ilecbt  and  LuckJiardt,  1916). 


DoBage. — This  varies  with  the  stage  and  severity  of  the  disease; 
age  of  the  patient  need  not  be  considered.  The  immunizing  dose  is  from 
500  10  1,500  units.  The  curaliie  dose  is  usually  5,000  units  in  mild  coses; 
to,ooo  in  severe,  and  20,000  in  malignant  cases.  1-arger  doses  do  no 
further  good  (Park,  1914).  Half  the  initial  dose  may  be  repeated  two 
or  three  limes  at  intt!r\als  of  about  twelve  hours,  according  to  the  progress 
of  the  disease;  but  it  is  better  to  make  the  initial  dose  sufficiently  large, 
since  experiments  have  shown  that  this  insures  a  higher  concenlration 
the  blood  (Park,  1913). 

Side  Actions  and  Accidents. — In  perhaps  a  third  of  the  cases,  the 
ministration  of  serum  is  followed  by  the  insignificant  phenomena  of  "  serum 
disease."  Verj'  rarely  severe  or  fatal  collapse,  presumably  analogous  to 
anaphylaxis,  occurs  within  fifteen  minutes.  The  two  phenomena  are 
quite  distinct,  hut  both  arc  due  to  the  serum  proteins  and  not  spcct5* 
cally  to  the  aiiiiloxin.  They  arc  produced  by  all  scrums.  The  serious 
cases  arc  so  exceptional  that  they  should  not  restrict  the  use  of  antiloxtn; 
but  they  should  enjoin  caution  in  sensitive  patients. 

Serum  Disease. — .Mier  an  incubation  of.  eight  to  twelve  days,  or  a 
somewhat  shorter  time  if  the  injections  are  repealed  (GoodaU,  1911)  a 
rash  develops  on  the  skin,  with  swelling  of  Uinph  glands,  a  slight  fever, 
and  sometimes  (^  or  4  per  cent,  of  all  injections)  pain  in  the  joints.  The 
rash  varies  but  is  commonly  urticarial  or  erythematous.  It  is  sometimes 
preceded  by  prodromal  sensitiveness  and  slight  redness  of  the  skin  at  the 
site  of  injection.  The  serum  phenomena  are  less  common  with  purified 
antitoxins;  with  serums  of  other  animals  they  arc  more  severe  than  with 
horse  serum. 

Statisticii  of  !M:rum  luckness  are  presented  by  Sturlcvsnt,  1916. 

Nctter,  1906.  claims  that  the  rashes  are  IcsK  frequent  if  cudum  chlorid  la 
Utered:  l  Gra.  daily  by  ninuth,  on  ihe  day  of  injection  and  on  the  two  folk 

Relation  of  Serum  Disease  to  Antibodies. — In  man,  anaphylactic  antA 
arcnul  prtr^eiu  durLiiK  tlici-urly  ptTJoiJ  uf:>i.-rum  sickness,  but  they  reach  <hrir  mMirfniBa 
toward  the  close.    This  indicates  that  the  antibodies  are  coacemed  In  the  recovery, 
rather  than  in  the  cau:iatioa  of  scrum  disease  (Loogcope  and  Rackcmann,  1916). 

Anaphylactic  Phenomena. — These  occur,  butverj'  rarely,  in  patients 
disposc<l  to  asthma  and  hay  fever,  or  those  having  idiosjTicrasies  against 
horses;  they  generally  have  a  status  lymphaticus.  Serious  sjTnptoms  occur 
in  something  lite  i  :  10,000,  death  in  t  :  roo,ooo  injections  (Park,  10x3). 
The  eflects  set  in  very  suddenly  with  swelling  of  the  respiratory 
mucosa,  Intense  dyspnea,  failure  01  respiration,  collapse,  and  asph}*xial 
death  within  ten  or  twenty  minutes.  These  phenomena  resemble  very 
closely  those  seen  in  experimental  anaphylaxis,  but  they  occur  generally 
with  the  first  injection  of  scrum.  The  most  promising  treatment  of  such 
cases  is  atropin  and  epincphrin,  to  paralyze  the  bronchial  muscles.  If 
there  is  cause  for  apprehension  before  giving  the  serum,  the  susccptfc 
bilily  of  the  patient  may  be  tested  by  injecting  a  small  dose  (0.5  cc)  of 
serum  an  hour  before  giving  the  full  quantity.  Atropin  may  also  be  m 
as  prophylactic. 

Active  Immunization.-  V.  Bchring,  1913,  attempted  this  with  overneutralixfd 
turcs  of  diphtheria  Utx\n  and  an  excess  of  anlituxin  iKumemann,  191  jj,  with  nt  withe 
vaccines  from  killed  diphtheria  bacilli.    Park,  et  aL,  1914  and  1915,  have 
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Xke  r«»u1t9  with  the  Scbick  test.     N'utural  iinmuDity  is  greatly  increased  by  the  treat- 

^jDcnt,  bat  this  would   be  superfluous.     In  susceptible  indi\'iduaU,  the  immumty  is 

laced  Very  slotvly;  but  Ultlc  has  developed  in  four  to  fdx  weeks,  but  it  continues  to 

facrea-V  (or  a  year  or  lonRrr.    The  method  is  therefore  of  litUe  value  tor  iimne^UAte 

immuDJzatioo.  but  promisins  for  permanent  protection. 

PREPARATIONS — ANTIUIl'KTHERIA  SKHUM 

*S«nm  Aniidiphlkericam  (Ser.  Antidiph.),  U.S.P.  (Diphtheria  Antitoiio).— The 
scnpn  of  hones  {iropcrly  immunized  against  diphthcriA  toxin.  It  mu&t  be  kept  In 
aealed  gliu  contaiDen»  in  a  durk  phce  ut  a  ti^iuijcraturt:  between  4.5^  .ind  1$"^..  A. 
ycUowUi  Lrsnsparcnt  or  slightly  turbid  liquid,  of  at  mo^l  slight  odor.  A  IuIk  of  aiiti- 
totfn  ODce  opened  should  mit  be  U5cd  a^aln.  llic  nerum  muf^t  he.  prep.ared  in  t^tablbh- 
ncnts  lIceDSed  and  9Ui>cr.-bed  by  the  U.  S.  Public  Health  Service;  it  must  come  from 
healthy  aninuds;  it  mu.it  be  •iterile,  free  from  tnxin  und  hacteri-nl  pniducls  and  must 
not  contain  more  than  0.5  per  cent,  of  phenol  or  0.4  per  cent,  of  crcsol;  the  total  solids 
must  not  exceed  ao  per  cent.;  and  the  potency  must  be  at  least  ?5o  units  prr  cubic 
CEattmetcr.  The  standard  of  strength,  expressed  in  unit^  of  antitoxic  power,  shall  be 
tlut  established  by  the  Cnitcd  States  Puulic  Hcallh  Service,  .\ntidiphthcric  Scrum 
paduaUy  loses  in  potcnc>-.  The  Label  must  state  the  date  beyond  which  the  contents 
csn  not  be  expected  to  yield  its  specific  results.  ATerage  dose.  Curative  10,000  units; 
Protecti\-c,  1,000  units,  U.S.P. 

^So'um  Atiiidiphihcricum  PuriJUai»m  (Scr.  .\ntidii)h.  Purif.),  U.S.P.;  (AntitUph- 
thenc  Globulias;  Ketined  and  concenlriited  Diphtherii  Antitoxin). — .\  solution  in 
OlS  per  cent.  NaCl  solution  of  antitoxic  globulin<<,  prepared  by  Gibson's  method,  and 
complying  tvilh  the  regulations  for  tlie  plain  serum. 

StT.  Anlidipk.Skc.j  U.ii.P.;  Dried  .\ntidipbUieric  serum. — Obtained  by  evaporation 
of  either  of  the  preceding  at  a  low  temperature.     It  mu&t  be  readily  soluble  in  9  parts 

Ol  WfttCT. 

NORMAL  HOKSE  SERUM 

The  injection  of  normal  scrum  of  man,  horses,  or  other  animals  is 

somclimes  used  to  arrest  persistent  hemorrhage  in  hemophilia,  severe 

axicmias,  purpura,  etc.  (BienwalH,  1897;  Weil,  1907).     Its  value  is  not 

constant,  but  sometimes  it  appears  to  be  effective.    Trember,   itjio, 

at.t.nbutes  the  results  to  leucocytosls.     It  has  the  same  side  actions  and 

d^LUgers  as  antitoxic  scrum;  and  tlicsc  dangers  must  be  taken  more  scri- 

ot-i^y,  since  lU  bendils  are  only  problematical.     It  is  administered  hy- 

pcxdcrmically,  10  to  .^o  c.c;  the  results  are  said  to  appear  in  twelve  to 

t^?-^ty-four  hours  and  last  one  to  three  months  (Richardson,  igo3). 

HEMOSTATIC-TISSUE  EXTRACTS;  KEPHALIK 

^^racte  o(  varioua  tissue  cclU  hasten  the  coaguliitiou  of  the  blood,  due  to  their 
*^^'>~k  'K.eat  of  the  lipoid  kcpholin^  which  \%  supposed  to  constitute  the  factor  of  blood- 
5?^^^ililion  that  has  been  vanouily  termed  zyraoplastic  or  ihromboplastic  iubstance, 
^**'*»nib(J(ina»e  and  thromboplastin.  Kephalia  la  the  principal  lipoid  of  the  brain. 
Y^^l^rtjy  purided  "Brain  hpoid"  (N.N.R.)  b  thercfort.-  used  as  hemostatic  (Hew,  1915: 
'^^^'^^hiclder,  1916;  J,  Mcl^can,  1916).  It  is  used  locally  on  bleeding  surfaces,  and 
T*^**^ iiuneously  or  inlravenously  aRainst  hemorrhagic  conditions.  The  detdls  of  the 
^|^**«»tion  and  appliralion  arc  dcwiribcd  in  X.X.K.  An  extract  of  btood-platclets  tg 
"■-■"kcted  ai  a  hemostatic  under  the  name  of  "CoaKulen"  (K.N.R.). 


TBTAKUS  AimrOXlN 

*Xhi5  is  prepared  in  the  same  manner  as  Diphtheria  Antitoxin,  except 
"**-*:  tetanus  toxin  is  used  for  the  immunization.  It  has  a  high  pro- 
^^^ivc  value  if  used  early;  and  it  would  he  desirable  to  administer  it  io 
^^'^^^f-y  suspiciotis  case,  but  wjthout  neglecting  thorough  disinfection.     Its 


532 


MANUAL  Of   PHAKUACOLOGY 


curative  value,  after  the  symptoms  have  set  in,  is  doubtful  and  at 
limited.     It  Hoes  not  affect  the  toxin  which  is  fixed  in  the  nerve  cells,  ai 
could  only  reach  that  which  is  still  free  or  being  formed.    The  latter 
generally  he  prevented  more  effectively  by  surgical  procedures. 

Immunizing  Dose. — ^This   consists  of    1,500  units,   h_\*podermicaily. 
repeated  in  a  week  if  the  wound  continues  to  suppurate.     The  wound 
also  be  dressed  with  dry  scrum.    The  protection  lasts  two  or  three  weel 

Curative  Dosage. — In  view  of  the  slow  absorption,  and  the  importance 
of  gaining  time,  hypodermic  administration  alone  is  insufficient.  Large 
doses  must  be  introduced  by  several  channels.  Park,  1910,  I9i2and  1914, 
advocates  the  subdural  injection  of  3,000  to  5,000  units,  followed  by 
to,ooo  to  15,000  units  intravenously;  the  spinal  injection  is  repeated  in 
twenty-four  hours,  and  a  hypodermic  injection  of  10,000  units  is  gi\m 
three  days  later  (Park  and  Nicoll,  1914;  Nicoll,  1015).  Dreyfus,  1914, 
urges  daUy  injections,  combining  vein,  lumbar,  endoneural  and  local. 

Intranetiral  Injectioa  was  advised  by  Me>-er  and  Ransom,  1903,  since  cbcy  found 
that  the  toxin  tnivrU  larf^ly  by  nen-e  sbeatbs.  It  has  not  maiatauted  Itself  in  prac- 
tice, but  t^  again  iidvucnlcd  by  v*.  nchrini;,  1914. 

Subdural  InjectioQ,  jtcurding  to  Parle  and  Nicoll,  15  more  effective  than  intnivrooas, 
and  \*astly  l>cttcr  ihaa  hjiXKicmiic.  The  anlitoxin  disappeais  in  twenty-four  boHirs, 
so  thut  the  ailmini^trnlioTi  must  be  daily  if  this  channel  b  used  alone  (Dreyfus). 

Official  Unit  (l.'.S.l\H.S.). — Thi*;  h.  ten  time*  the  least  quantity  of  serum  neceaaary 
to  saw  the  life  of  a  350-tiRi.  guinea  ]»g  for  niacty-six  hours  against  tbc  oQJcia]  tot-doic 
of  standard  toxin  furnkhed  by  the  t'-S.P,H.S.  (ko«enau  and  Andenon).  


PREPARATIONS— AXTITETANIC  SERUM 

*Sfrum  Antitetankum  (Ser.  .Vntiletan.),  V.S.P.  (Tetanus  Anttloxinl.-Thc 
(if  horMS  highly  actively  immunized  against  letanu^i  toxin.     It  rcsemWc*  Iliphtlb 
Antitoxin  and  tnubl  meet  analoRous  rcquircmcnttf.     Averaie  dose,  Curatlxx,    i< 
units;  Protcrtivt,  1,500  units,  U.S.P. 

'Ser.  AnliUJan.  Ftirif.,  U.S.P.  (Antitctanic  Globulins;  RcEncd  and 
Tetanus  Antitoxin). — Analojtous  lo  Ser.  Antidiph.  Purif. 

*S^.  AntiMan.  Skc,  U.S.P. — Analogous  to  Ser.  .-VcUdipb.  Koc 


ARTIMENIITGOCOCCITS  SESUH 

This  is  markedly  successful  against  epidemic  cerebro-^inal  meningil 
due  to  Diplococcus  intracellularis,  especially  if  used  early.  It  reduces;  all 
the  symptoms,  clears  the  cerebro-spinal  fluid,  lessens  the  duration  and 
sequels,  and  diminishes  the  mortality  (Dunn,  T008;  I^dd,  1909;  FlcxDcr, 
1913).     The  mechanism  of  its  action  has  not  been  decided, 

Prepantion. — The  scrum  is  obtained  by  the  method  of  Flcxncr  and  JobUnfc. 
from  hursen  datively  itnmuniiCcd  by  injecUon»  of  killed  incnin^ociicci,  autid^'iiiHl 
turt!is,  uH't  tinaily  living  bacteria,  succes^vely  and  in  alternation,  the  treatment 
continued  (or  monttu  unlU  the  dcnred  efbcicncv  U  obtained. 

Action. — The  scram  docs  not  kill  the  bactcna  dirctUy,  but  causes  their  diiupiKsr* 
ance,  prrhaiis  by  stimulating  phaKi»cytosi9  and  intralcucocj-tic  digestion. 

AdministratiaiL — The  action  l>cing  mainly  local,  the  wrutn  mu^t  beinjerUidtntotbe 
subdural  canal,  early,  and  in  etiicient  dosage.  As  U  is  absorbed,  several  injections  arc 
geoeraUy  needed.  The  usual  doic  is  15  to  30  cc:  for  young  infants  lo  c.c.  Ccrrbfo- 
splnal  fluid  h  fintt  withdniwn,  if  i»<i»sible  the  same  bulk  as  the  serum  to  be  injcdcit. 
The  blood  pressure  should  be  watched  durini;  injection  to  guard  against  cxccadve  {nt»> 
sure.  The  ad minisi ration  should  t<r  rqKraled  every  twelve  to  twenty-ftnir  hourv  for 
al  least  (our  injections;  and  longer  i(  the  lluid  and  s>-mjitomfi  ha\-c  not  cleared.  Tbe 
occurrence  of  accidents  is  disois^ctl  by  Klexncr,  igi^.  Thev  conMst  in  ).uddro  colUfse 
with  stoppage  of  respiration  and  fall  of  blood  pressyre.     'lae  eSccts  have  been  attifb- 
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ulcd   tn  the  preacrvattve  (VooK^t^i  '9^4)?  ^^^  ^^^  ^  probably  not  ibe  usual  cause 
(Auer,  1914)- 

ANTIPNEUMOCOCCIC  SERUMS 

These  hav«  been  developed  against  certain  »irun»  of  pocucnococci  (Cole,  191$). 
Bull,  1915,  refers  their  aclioa  to  agglutiniUion. 

HAY  FEVER  SERUM 


This  is  obtained  from  horses  Injected  with  the  potkn-toxia  of  various  plnnLs  which 
are  supposed  to  cause  hay  Itvcr  (BlucLIcy,  1S75;  l}unhar,  1911).  It  is  laetl  Locally  in 
ihe  eye*  and  nose.     iLs  value  is  limited:  it  is  mil  curativr,  Ijut  uftcn  gives  some  relief. 

H  "Fall  PoUantin*'  or  "Dunbar's  Serum"  is  prepared  from  ragweed  pollen.     It  is  marketed 

H  as  scrum  and  dried.     Other  »eruni»  are  obtained  from  i;oldenrod,  etc. 

V         Hay  fever  veccines  are  also  being  tried.     Oppenheimcr  and  GutlUeb,  iqiSi   warn 

K  against  their  use. 

r 


VACCINE  VIRUS 


This  consists  of  the  scrapings  Irom  the  pustules  or  vesicles  of  vaccinia 
or  cowpox,  of  vaccinated,  bul  otherwise  healthy  calves.  It  must  be 
removed  aseptically,  Is  further  sterilized  by  standing  with  glycerin,  tested 
for  the  absence  of  bacteria,  and  marketed  in  tubes  or  "points."  It  is 
used  by  inoculation  (vaccination)  to  produce  active  immunity  against 
smallpox,  the  protection  lasting  four  to  ten  years. 

Preparatioa. — The  "pulp"  is  curetted  from  the  tj-pical  vaccinia  vesicles.  The 
*'lymph"  which  flowB  afterward  was  formerly  used  for  raalcing  "dr>*  jjoints;"  but  as 
it  L*.  les*  potent  nnd  generally  sc|)tic,  it  ^hnuld  nut  be  uscil.  The  pulp  iv  ground  with 
SO  to  Co  per  cent,  of  glycerin,  and  allowed  to"ri|>en.**  This  preserves  the  virus,  but  kills 
taoii  of  the  bacteria.  The  c<itablishmciit5  must  be  conducted  under  federal  supcrxiston 
and  license. 

Vaccine  Vinifl  graduallv  Io«ea  potency,  mo^t  rapidly  al  high  temperatures.  It 
miBt  therefore  be  presenxrl  at  a  tempentture  between  4.5"  ftnd  is*C. 


PREPARATIONS — VACCINE  VIRUS 

*Virus  Vaecimtym  ((Virus  Vaccin.),  U.S.P.;  Vaccine  Virus  (Glycerin.ll«I  Vaccine 
Viros;  Jcnncrian  Vaccine).— The  pustules  of  vacdnia  or  cowpox  removed,  undirr  aseptic 
coodition^,  from  vacdoatcfl  animals  of  the  bovine  s](ccifs.  PrfseTvcfl  at  a  temper;ilurc 
bttwren  4.5°  and  xs°C..  protected  from  lijjht.  The  vaccine  pulp  is  thoroughly  rubbed 
up  in  a  mnrtar  or  pass^-d  ihniugli  a  special  grinder,  strainet]  to  remove  coarse  parlirles, 
■ltd  made  into  a  smooth  emuUion  with  a  glycerin  utolution.  Vaccine  Vlru»  gradually 
loKs  in  potency,  the  loss  bcint;  more  rapid  at  high  tcroperaturea  than  at  low  temperatures. 

ANTIRABIC  VACCINE 

This  consists  of  emulsions  of  the  spinal  cords  of  rabbits,  which  have 
ilied  as  the  result  of  subdural  injections  of  "tbced"  rabies  virus.  If  the 
ilisease  is  not  loo  far  advanced,  so  that  at  least  fifteen  days  of  treatment 
are  possible,  the  mortality  is  less  than  1  per  cent.,  as  against  15  or  20  per 
cent,  in  untreated  cases  (Stimson,  1910}. 

Preparation. — Fixed  virus  is  obtained  by  the  po-'^sage  of  rabies  virus  through  a 
lon^  »eries  of  rabbits,  till  it  acfjuircs  a  hxcd  incubation  period.  This  fixed  virus  is  Icsa 
Capable  of  producing  rabic*  on  sulHrulaneous  injection.  'I'hc  spinal  cords  of  the  infected 
riobits  are  further  attenuated  bv  gr.tduated  drying.  Tn  the  treatment,  emulsions  of 
mcreawng  virulence  arc  daily  injected  hyiiodcrmically.  the  scheme  of  dosage  varying 
according  to  circumstance*;  but  generally  Iwyinning  wiih  curd  dried  for  eight  to  twelve 
day*  and  grwiually  increasing  tul  "  twoniay"  cord  i*  used. 
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TUBERCULIN  PREPARATIONS 

These  represent  the  toxic  products  ot  the  tubercle  bacilli ;  consisting  cither 
of  solutions,  i.e.,  filtered  germ-free  cultures  (e.g.,  old  tuberculin);  or  of  sus- 
pensions of  killed  and  ground  tubercle  bacilH  (tubercle  vaccine,  new  tuber- 
culin, emulsion).  They  are  used  for  the  diagnosis  and  treatment  of  tuber- 
culosis. The  two  classes  of  preparations  are  practically  identical  in 
action,  differing  only  quantitatively  and  in  absorbability.  The  filtered 
cultures  are  more  evenly  absorbed  and  therefore  permit  a  belter  conlFol 
of  dosage,  and  are  thus  safer  for  diagnostic  tests  and  early  treatment, 

DUgnostic  Use. — Relatively  liirge  Ho!i*s  of  tuberculin  have  no  effect  on  nor 
ladiviiluiib;  Ijiit  in  tuberculous  patients,  there  Is  a  de&nitc  in&amm&tory  rcnction  about 
each  lixati^cd  IuImtcuIous  lesion,  with  sliglit  febrile  symptoms.  The  test  is  applied  ia 
various  vnyi.  It  requires  special  knowk-d^'c  and  experience  for  its  proper  perfonnucc 
and  interpretation;  utberwise  it  may  do  much  hami  (Baldwin,  i^io). 

Therapeutic  Use. — It  ia  questionable  vrhclher  tuberculin  ever  produces  actual  im- 
munication;  but  a  course  of  carcfidly  ({r^uuted  doses  diminishes  the  seosltivenew  to 
the  toxin,  and  therefore  the  constitutional  phenomena  of  the  disease.  The  local  reac- 
tion about  the  tuberculous  foci  also  tends  to  their  cicatrization  and  absorption.  The 
artificial  resistance  is  gradually  1o»t  after  the  treatment  is  discontinued. 

For  Ihcmpeutic  purposes,  the  tuberculins  must  be  administered  h>'(>odcrmicsUy. 
The  proper  do«.iKe  requires  experience  and  judgment.  Rcady-m-'uk-  "senal  dilutions" 
detenorate  rapidly  and  arc  not  recommended.  Various  preparations  of  tubcrcuUa  are 
listed  in  X.N.R.;  thp  following  are  important; 

•Old  Tubercuhn,  "O.T.",  Koch's  Tubfrcuiin  (X.N. R.).— Prepared  by  conccntral- 
ing  a  5LX  111  tti^Ut  w(H-lts'  glycerin-bouillon  culture  of  tubenle  bacilli  by  evaporattn^  to 
onc-tcnth  its  volume,  .\nd  fiftcrinp;  contains  50  per  cent,  of  ({Ivcerin. 

Tubercuhn  "Denys",  "B.F.",  Bouillcn  FiltraU^.—A  dimply  filtered  culture,  not 
boiled. 

New  Tuberculin,  "T.R.",  TubercNiin  Restdttf,  Kock. — TWi  represents  a  complex 
extract  of  virulent  human  tubercle  bacilli;  the  dried  bacteria  arc  subjected  to  pro- 
l[>nec<I  Rrindlng  and  thereby  killed.  They  are  then  suspended  in  normal  salinr,  ccntrif- 
UgaUzcd,  and  liic  I'lrst  supernatant  fluid  Is  rejected.  Tnc  sc-diment  1$  again  irround  with 
saline  and  ceDlnfuRalizcn.  This  Quid  is  saved.  The  process  is  repeated  until  almotl 
no  sediment  nmains.  The  supernatant  fluids  arc  united,  mixed  with  20  per  c*ni.  of 
glycerin  and  a  lit  tie  formaldehyd  and  adjusted  so  that  each  cubic  centimeter  represents 
10  mg.  of  dr>'  bacilli. 

Bacilli  Ejnuteion,  "B.E.",  Kofk. — .V  suspension  of  ground  bacteria  in  50  per  cen 
glycerin,  5  mg.  in  i  cc.     Any  aur^iving  bacteria  arc  kilted  by  heating  for  an  hour 
6o"C. 

TYPHOID  VACCINE 

This  has  given  completely  successful  results  for  immunization  (Russel 
iQrj  and  1914),  lasting  at  least  two  years  (Harris  and  Ogan,  igi4).  It 
consists  of  a  suspension  of  avirulent  typhoid  bacilli,  killed  by  heating  for 
an  hour  at  ss^C.,  and  presen-ed  by  0.25  per  cent,  cresol.  It  should  be 
injected  subcutaneously  (not  intramuscularly)  in  the  arm,  giving  500 
million  bacteria  at  the  first  injection;  and  two  further  injections,  each 
of  one  billion  bacteria,  at  ten-day  intet^als.  It  generally  causes  some 
local  reaction,  and  sometimes  more  or  less  severe  but  harmless  febrile 
symptoms  (Russell,  1912).  It  is  safer  to  avoid  its  administration  to  any 
but  healUiy  individuaJs;  not  to  inject  it  into  a  vein  or  intramuKularly; 
to  avoid  exposure  of  the  patients  to  sun,  alcohol  or  exertion;  and  not  to 
give  it  during  menstruation  or  pregnancy  (Harris  and  Oxan,  X914). 

The  intravenous  injection  of  tj-plt^jid  vaccines  is  being  used  in  the  dc\-clopc<]  fe^et 
(E.Fraenkel.  1876;  Gayand  Chiclcerinfc,  lui^;  Hektoen.  iQth),  It  oftm  induces  acrisli 
and  prompt  recovery.  The  action  i>^  probably  not  due  to  ^ped&c  antibodies,  for  dnrf- 
lar  effects  are  produced  by  other  vaccines,  albumoscs,  etc.  (J.  U  MUlcr  and  Lusk,  1916). 
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This  Is  being  used  with  fair  re:4ulu  in  subacute  and  chronic  ROnococcus  infections 
involWns  tbc  juinls.  It  is  lcs->  useful  in  other  situations.  It  ia  also  marketed  u 
"Veisser  Baclerin." 
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THEORIES  OF  NARCOSIS 

General  Statement. — The  aliphatic  compounds  or  hydrocarbons,  like 
the  benzol  compounds,  resemble  each  other  closely  in  their  main  actions. 
Their  most  conspicuous  effect  on  the  higher  animals  consists  instupe- 
iacdon,  passing  with  larger  doses  into  insensibility  and  motor  paralysis; 
i.e.,  into  profound  narcosis  or  anesthesia  of  ceniral  origin.  Analogous 
narcotic  effects  are  produced  on  ail  forms  of  protoplasm.  Hemolysis  is 
■also  a  conspicuous  effect. 

Narcosis  is  one  of  the  most  common  and  striking  pharmacologic  phe- 
nomena. Many  attempts  have  been  made  to  gain  a  clearer  conception  of 
its  intimate  nature,  espcciaily  through  the  study  of  the  aliphatic  narcotics. 
The  relations  between  the  chcmic  structure  and  the  pharmacologic 
efficiency  were  cxtenBivcly  investigated.  More  recently,  a  deeper  insight 
lias  been  gained  by  the  discovery  that  the  narcotic  and  hemoh'tic  effects 
«f  this  series  are  intimately  related  to  the  solvent  action  on  lipoids;  or 
rather,  to  their  "partition  coeffjcicnt,"  i.e.,  their  solubility  in  nils,  divided 
'by  their  solubility  in  water.  The  discovery  of  this  law  by  Meyer  and 
Overton  was  an  Important  step  in  the  solution  of  the  problem,  and  opened 
the  way  for  the  intelligent  investigation  uf  further  theories.  Several  of 
'these  are  in  the  field  at  present,  as  will  be  explained  later. 

I>efiuition  of  KTarcosis, — This  ia  defined  b^  K..  S.  UUic.  iqi6,  as  s^-Donymous  with 
sthcua:  "A  uhvuolc^cal  condition  in.  which  ihc 


._         „ _  .     ..  _ normal  responsiveness  or  auto* 

itic  acti\-ity  ol  tlic  liviiiK  system — urgamsm,  tissue  nr  Cell — is  tcmjiorarily  dL-crcit>ed 
'^3r  abolished."  The  dcnniUonis  perhaps  too  comprehensive,  but  it  emphasizes  the 
Jliro essential  features,  the  depression  and  the  rc\'ersi!Mlity  or  possibility  of  recovery, 
"Ubti  my  be  lost  if  the  action  is  made  too  energetic. 

The  debnilion  also  brings  out  the  rs^ntial  l^lnlila^ity  of  sleep,  futisue,  cold,  electric 

^JB-ohibilion    (anetectrotoaus),  to  the  narcotic  effects  of  the  aliphatic  scries,  and  of 
•^czertain  iorii, 

Jufluence  of  Chemic  Structure. — .Vn  historical  review  ol  the  older  theories  of  narcosis 

-3B^ given  in  Overton's  book.     The  earlier  studies  indicated  that  the  actiotu  of  this  series 

^^1)pear  to  be  iiifluericed  rjuanlitativcly  by  iht  rhcnuc  structure;  and  much  labor  has 

'i^beca  expended  on  determining  the  share  of  various  side-chains  (llinz,  iS8i ;  Baumann 

-^^■m]  Ka»l>  Jt&9o).     The  results  (summarized  in  Schmiedcberg,  Grundriss  d.  Pharma- 

'^K::»)logie,  1909,  p.  iq)  seemed  to  show  certain  relations,  but  the  geaeralixations  have  not 

■^■Hflod  the  test  of  widtr  experience  (Uichlj  1S94;  Jleyer,  1899;  Kionka,jgoo).     In  fact, 

^^^th&s  been  pretty  de&nitciy  showra  that  the  chemic  structure  affects  the  narcotic  action 

^uiily  indirectly,  namely  by  modifying  the  partition  coefficient,  wliich  varies  in  a  definite 

'Vuancr  with  changes  in  Lomposition.     Howevcrr,  special  side-chains  muy  be  responsible 

"•«  side  actions.     Thus,  chlorin  compounds  arc  pcculiarfy  toxic  to  the  htart. 

■oniric  Relations. — These  arc  practically  interesting  and  itnportant,  although  thev 
Ittve  tost    all  theoretical  signilicancc.     The  following  conclusions  api>ear  justified; 

I^Mtcr  things  being  equal,  the  slnrngLh  of  action  increases  with  the  length  of  the  chain. 
^hmit  is  soon  reached,  however,  for  the  drugs  become  le^  volatile,  less  soluble  and  less 
«biorbable  the  htf;her  they  stand  in  the  scries;  so  thut  the  higher  paraSins  arc  entird^y 
iaiulublc  and  inactive.  The  ethyl  radical,  CjKi,  seems  to  be  best  adapted  to  therapeutic 
JHUposes.  The  action  may  be  modified  by  replacing  the  II  of  the  group  by  other  cle- 
aieata  or  groups.  The  compounds  so  formed  all  possess  the  typical  atlion  of  the  hydro- 
carbon group;  but  this  may  be  so  overshadowed  by  other  actions  as  to  be  scarcely 
appndablc     A  good  example  of  this  is  the  introduction  of  the  group  NOj.     '^^'"  — — 


This  acts 
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ver>'  much  more  stronRly  than  the  hydrocarbon  pari  of  the  molecule,  and  consequently 
the  nilrilc  action  U  obtained  long  before  there  can  he  any  hydrocaitwn  action.  Th« 
same  is  true  il  we  substitute  an  aromatic  radical.  The  introduction  o£  certain  other 
radicals  weakens  the  hydrocarbon  action  to  a  very  great  extent.  We  may  mrnlion 
wpccially  the  acid-forming  radical  (JOjH.  The  inlroduction  of  hydrocarbon  radkala 
into  an  amin  molecule  destroys  their  action  entirely.  The  introduction  of  more  than 
one  OK  group  also  weakens  or  (le£tro>*8  the  action.  Aldehyde  and  ketones  ar«  more 
active  than  tne  corresponding  nlcohob.  The  intro<)uction  of  the  halogens,  and  espe< 
dally  of  CI,  often  ennances  the  action,  but  this  is  not  nronortinnal  to  the  numoer 
Ct  raoEecules  introduced.  The  introduction  of  U  (ethers;  also  increases  the  action. 
The  introduction  of  adds  (esters)  weakens  it. 

FEarcoais  and  Sleep. — The  analogies  of  narcosis,  in  the  higher  animals,  with  the 
phenomena  of  natural  sleep  suRgesled  a  common  origin  to  the  earlier  investixstonL 
Since  sleep  was  then  explained  by  Crrtbral  Avcmia  (IJurham.  1860)  the  same  explana- 
tion was  adopted  for  narcosis  fBedford-Brown,  iflfto).  However,  it  was  subsequently 
found  that  uianses  in  the  cerebral  circulation  art  small  and  variable  (CL  Bemard, 
1S7S). 

All  the  theories  of  deficient  nutrUum  of  the  brain — whether  through 
anemia  or  otherwise — are  definitely  disproved  by  the  fact  that  narcosis 
can  be  induced  in  frogs  in  which  all  the  blood  has  been  displaced  by  saUne 
solution,  or  in  which  the  cerebral  circulation  has  been  arrested;  in  excised 
ner^'e-muscle  preparations;  in  animals  which  do  not  poese^  blood;  in 
plants;  and  even  in  unicellular  organisms. 

Coagulation  Theories. — The  aliphatic  narcotics  coagulate  proteins,  and  this  _ 
gested  to  CI.  Bernard,  1853  and  1^75,  thnt  narcosis  might  he  due  to  a  semicoactiUtica 
of  the  protoplasm,  analogous  to  the  muscle-ngor  produced  by  chloroform.  This  theonr 
had  no  direct  experimental  foundation;  but  il  was  elaborated  by  Binx  Cl^clum,  iSqi)^ 
who  showed  histologically  that  the  cells  of  fresh  brain  sections  are  coagulated  by  >ol^_ 
tions  of  chloroform  or  morphin;  but  he  had  lo  employ  relatively  enormous  coocmt 
tions,  nor  could  it  be  supposed  that  the  coagulated  cells  could  ever  resume  their  actii  ~ 
The  thcor>'  was  therefore  untenable  at  least  in  this  form. 

Removal  of  Lipoids. —  Ribra  and  Harlcss,  ifl47,  immediately  after  the  ducovwyj 
the  anesthetics,  drew  attention  to  the  fact  that  practically  all  fat-solvents  are  narcoil 
and  suggested  that  tht-y  dissolve  the  fats  out  of  the  nerve  cells.  The  diiltcully 
explaining  the  rapid  recover>'  proves  that  this  theor>'  ran  not  be  correct.  It  wa&  accoi 
insly  abandoned;  but  later  workers  continued  to  point  out  more  or  less  uuantitativt 
roations.  Hermann,  1H66,  /.i.,  showcil  that  all  the  aliphatic  narcotics  iW>o1ve  itil 
blood  corpuscles,  connected  this  with  their  Upoid  solubility,  and  first  suuested  l"^^ 
modern  theory.  Conversely,  Richet,  180s.  arguwl  that  the  narcotic  ^Scieocy 
inversely  proportional  to  the  soIubiUty  in  water. 

Meyer-Overtoa  Law. — The  relations  obsen*ed  by  Hermaim  and 

Richet  were  striking  but  not  conclusive.    It  was  only  by  their  corobina 

that  an  exact  quantitative  relation  could  be  demonstrated.     This 

done,  independently  and  practically  simultaneously  by  H.  Meyer  and 

0%"erton,  1899  and  1901.    They  showed  a  verj'  close  parallelism  betwe« 

narcotic  efficiency  and  the  ''partition  coefficient;" 

Solubility  in  fat  (Sr)        rw,.     ...       ...         «  •     .    .1.    _  j  1 

A-,  .... — -. 7^r-r*    The  higher  this  coemaent,  the  more  powerful 

SoIubiUiy  m  water  (Sr) 

the  narcotic  action.    The  quantitative  relation  is  so  constant  and  the 

facts  in  its  support  so  numerous,  that  it  can  scarcely  be  doubted  that  the 

narcotic  effects  of  the  aliphatic  series  depend  in  some  way  on  their  lipoid- 

solvent  action,  as  expressed  by  this  coefficient. 

Partition  Coefficient. — The  experimental  determination  of  this  factor  b  descrilKd 
in  Ilocber  (p.  196}.     Ilerthelot  and  Jungfldsch,  1&73,  showed  that  it  is  constaoL,  inde- 

ndent  of  the  absolute  quantity,  provided  there  is  no  dissodaliun.  For  convenience, 
as  so  far  been  determined  mainly  with  olive  oil.  Objection  has  been  made  to  this 
(Moore  and  Roaf,  igo6),  since  this  oil  differs  from  the  ccU-lipoids.  The  fact  UuU  ihe^ 
law  holds  also  for  hemolysis,  practically  disposes  of  this  objection. 
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Lipoids. — This  term  is  applied  to  a  chemically  hetvroigcneous  group  of  substances, 
iocludin^  pbosphaiids  (\V.  Koch,  iqii);  especially  lecithin  and  kephalin,  cercbrin, 
ocrebrosids,  cholcstcrin,  and  others.  They  are  waxy  substances,  which  diiisolvc  readily 
in  Hpolytic  solvents,  and  take-  up  more  water  slowlv,  hut  ncit  i^olution»  of  sugars  or 
ults.  They  occur  in  aJl  celU,  particularly  in  the  ptasma  membrane,  probibly  in  an 
eiauUified  condition.  Nervous  tissue  is  rich  in  the:»e  lipoids  {Stcwurt  s  Phy&iology). 
The  functtons  of  the  iwlividual  lipoids  have  certain  features  in  common,  but  in  some 
jTspects  ihey  behave  ver\'dif(crcnlly./.i.,  cholcstcrin  und  lecithin  have  opposite  clTvcts 
on  bemoly'js  and  phaj;ocyti>^&  (Stuber,  i^ij). 

The  term  lipini  has  been  introduced  to  cover  ali  substances  that  dissolve  in  (at- 
solvenU;  i.e.,  it  covers  fats  and  fatty  acids  as  well  as  the  lipoids. 

Eridencb  for  the  Meyer-Overton  Law.— The  narcotic  concentrations  have  been 
detcrmtDc<l  mainly  on  tadpoles;  but  ihe  taw  has  also  been  demonsirated  on  other 
Knisnab,  plants  and  tis^ue^.  AccordJnR  to  the  thror>'  every  absorbable  substance  which 
la  a.  fat-solvent  should  have  an  anesthetic  action;  this  should  be  seen  in  all  cells  (stncfl 
«rv-cT>*  c«ll  contains  lipoiti^);  it  should  occur  in  the  same  concentration  of  solution;  the 
anesiihetic  action  of  a  niixture  should  equal  the  simple  sum  of  the  actions  of  its  constit- 
uents; the  effect  should  be  proportional  to  the  conccntratiun.  and  not  to  the  absc^ute 
dose.  etc.  The^  (lostulates  acri-e  very  well  with  the  actual  farts.  The  rrlalinn  of  can- 
€t-wt4talion  to  action  is  especially  intcrcsiinK-  I'reciscly  the  same  concentration  of  chloro- 
fortn  nr  cthei  produces  Ibc  same  de};rec  uf  acicsthrsiu  in  all  cells  (excepting  plants  and  a 
fcvr  invertebrates).  For  instance,  ordinarj-  ancsthcsja  requires  in  all  animals  a  con- 
centration of  anesthetic  to  serum,  of  ether,  1:400;  of  chloroform,  1:4,500  to  6,000; 
but  cold-blooded  animals  reach  the  same  concentration  in  the  blood  with  a  lesser 
concentration  in  the  air^  on  accoimC  of  their  lower  temperature.  .-Vjiain,  in  those 
casc»  in  which  the  coefncient  changes  with  temperature,  etc.,  the  narcotic  power 
changes  in  the  required  direction:  Mcjxr,  igoi,  showed  that  rise  of  temperature 
■QCreaaes  the  coefficient  and  the  narcotic  action  for  hydrated  chloral;  and  depresses 
both  for  salicylamid.  Kuchner,  1900,  investigated  the  influence  of  mixed  narcotics, 
■*ld  f'jiund  that  ihr  coefTicicnt  :ind  narcosis  were  alwa>'s  modififd  in  ihc  same  dlrcctioo. 
^  The  Meyer-Ovcrton  Law  Applies  Only  to  the  Aliphatic  RarcotJcs. — Cushny  has 
pointed  out  that  many  bcn/ol  derivatives  which  are  not  narcotic  have  a  high  partition 
Coefficient.  In  this  case,  however,  the  coedicient  modiiic-s  the  antiseptic  action.  The 
P*;ripheral  nervous  system,  although  rich  in  lipoids,  is  not  easily  attacked  hy  the 
f*^r>faatic  narcotics.  Morphin  and  other  basic  and  saline  narcotics  do  not  obey  the 
'**'w,  and  must  act  by  entirely  different  merhanisras.  This  does  iwt  of  course  impair 
the    ^iilidity  of  the  law  as  applied  to  the  aliphatic  narcotics. 


Influence  of  Extraneous  Fats  on  Narcosis.^It  might  be  expected  that 
rcojiis  would  be  affected  by  fatty  tissue,  dellecling  a  certain  amouiu  of 
th.c   anesthetic;  but  this  does  not  seem  to  be  tlic  case  to  a  notable  degree. 

r.        ^laiisfeld,  1905,  suftf^ested  the  low  resistance  of  starved  animals  to  he  due  to  this. 

^I"«    iact  is  not  connncmg,  for  in  star%'alion  the  resistance  is  lowered  in  many  other 

^^''^^'^r  lions.     Indi-«^d,  Mansfeld's  experimtnl.s  ci)ntradi<  t  his  i-^iiianiiUon;  for  f^tarvation 

*i<i     not  increase  the  susceplibility  to  the  typical  lipolytic  narcotics  alcohol  and  ure- 

****tle;  whilst  the  ^uKCptioility  was  increased  fur  murjihin,  which  probalily  doe*  not 

■^t    txs  a  lipoid  solvent.     Cloetta,  1907,  tried  the  converse  experiment,  the  influence  of 

^*^'"'e«sing  the  fatty  tissue;  but  his  results  satrcely  justified  general  conclusions. 

I      .IVerkmg,  190S,  claimed  that  anesthesia  can  be  cut  short  by  intravenous  injection  of 

**^  t-hin.    This  has  been  contradicted  by  Kramer,  1913,  who  took  the  ncce5sar>"  pre- 

S***tton  to  keep  the  concentration  of  the  antslhetic  constant  by  inlravennus  injection. 

Tt^tes,  igii,  statei]  that  fatty  foml,  or  the  injection  of  fal-emuUions  into  the  circula- 

"^"^j    increases  the  narcotic  action  of  chloroform,  perhaps  by  lessening  the  pulmonary 

T^^'ction.     HanMrhmidi,  1913,  supports  Xorkiii^,  and  alVirms  that  lerithin  has  a  prolec- 

7*^c  a,ctioa  against  narcotics,  but  also  against  a  number  of  alkaloids  (curare,  strychnin, 

^^•T>hin),    The  results  have  therefore  been  contradict orj'  and  have  little  bearing  on 

r*^  lipolytic  theory.     Salcmann,  T012,  reports  that  cream  and  other  fais  delay  slightly 

*J*  «b«ir[ition  and  therefore  the  action  of  alcohol  and  other  lipolytic  narcotics.     Alurlin 

^^  Ricbe,  191 3,  find  that  the  percentage  of  fat  in  the  blood  is  lowered  proportional  to 

?*  *^|!rce  of  narcosis;  but  since  this  occurs  also  witb  morphin,  it  has  no  bearing  on  the 

"Vo»«i  tbt«r>. 

Changes  Effected  by  Lipoid  Solvents. — The  partition  coefficient  docs 
^^  t?«plain  the  nature  of  narcosis,  and  it  is  necesaarv  lo  resort  to  further 
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theories.  The  rapid  recovery  after  removal  of  the  anesthetics  prox-cs  that 
ihey  can  not  actually  dissolve  the  lipoids  out  of  the  celh.  Meyer  there- 
fore assumed  that  they  merely  liquefy  these  constituents  in  the  cells  and 
thereby  alter  their  functions.  Overton  had  shown  that  the  selective  per- 
meability of  cells  depends  largely  on  the  lipoids  of  the  plasma  membrane 
Any  change  in  these  would  necessarily  alter  the  permeability;  and  it  has 
been  demonstrated  that  narcosis  is  actually  characterized  by  such 
alterations. 

Polarization  Theory  of  Stimulation.— Narcosis  consists  in  suppression 
of  irritability;  apd  it  will  be  imiMissible  to  understand  it  fully  until  the 
nature  of  stimulation  is  understood.  There  is  now  considerable  evidence 
that  stimulation  depends  upon  a  change  in  the  electric  polarization  of  the 
celts,  due  to  a  change  in  the  concentration  of  the  ions  at  the  cell  membrane 
(Nernst,  i8()9),and  brought  about  by  a  sudden  increase  of  the  permeability 
of  the  plasma  membrane.  According  to  this  view,  the  actions  of  the 
lipolytic  narcotics  would  be  explained  quite  simply  by  their  mtKlifica- 
tion  of  the  lipoids  of  the  plasma  membrane,  rendering  impossible  the 
changes  in  permeability  which  are  necessary  for  stimulation.  Changes 
in  the  plasma  membrane  could  al.so  be  effected  by  other  means,  and  the 
narcotic  effects  of  salts  can  be  explained  iu  this  manner.  A  plausible 
explanation  of  tlie  actions  of  morphin  and  most  of  the  local  anesthetics 
is  still  lacking. 

Penneabilit;  of  tbo  Plasma  Membranes. — Overton  found  that  cells  art  ReDenQy 
impermeable  to  ncatral  salts,  sugars^  etc.;  but  c&uly  permeable  to  Upolytjc  substances. 
This  rule  is  not  absolute — there  arc  important  cxcepuons,  /.i.,  for  nioiabolic  substances 
and  for  v>me  of  the  dyes,  hut  it !«  sufTicienlly  general  to  indiraic  that  cells  behave  ai  if 
they  were  surrounded  by  a  Lipoid  film.  The  departures  from  the  rule  arc  probably 
explained  by  the  intermixture  of  other  colloid  constituents  (A.  1'.  Matiicwa,  1910). 
This  jirotcciive  film,  the  "plasma  membrane,"  is  probably  formed  by  the  surface 
condensation — according  to  the  <;ibb»-Tbomson  prindpic — t>I  sutistancca,  which 
lower  stirfacr  ten^nn,  as  do  the  lipoids. 

Relation  of  the  Membrane  to  Stimulation. — This  subject  U  well  mmmarixcd  hf 
R.  S.  Lilly,  1913.  The  wjmipcrmcability  serves  to  maintain  the  differences  of  electrical 
potential  (as  shown  by  the  dvmarkation  current)  which  is  essential  to  life.  This  pnteo- 
tial  disappears  with  death,  and  is  impaired  by  all  poisons  viluch  injure  the  scmiprr- 
meability;  and  amonRst  these  by  the  anesthetics  (Waller  and  .\lcock,  iqo6).  .\ads 
alkalies  and  certain  ions  also  disturb  the  potential;  but  these  act  presumably  on  the 
other  colloids  of  the  membrane.  Analii^ous  {ihcnomcna  are  obse^^'ab]e  h)  a.rtifioal 
systems  of  phosphatid  and  salt  solutions  (J.  Ivocb  and  Ileutnrr,  1913). 

Bxdtabuitjr  and  Conductivity  of  Nerve. — Narcosis  of  «  nerve,  however  product, 
always  lowers  both  thei<e  functions  in  strict  parallel  (Verwom,  Kmgung  und  L^eh- 
,  mung,  p.  i3i).     While  a  normal  ncr\-e  conducts  without  loss  of  stimulus,  a  narcotised 
nerve  snows  therefore  a  decrement  during  conduction  {ihid.,  p.  iij). 

Relation  of  Penneability  and  Stimulation.— This  is  illustrated  particularly  b)'  the 
experiments  of  R.  S.  LilUe,  iqi  ;,  on  Arenicola  larvar.  He  found  that  pure  solution*  of 
NaCl  produce  stroi^  stimulations  and  at  the  same  time  increase  the  pcrmeabilitv,  as 
shown  by  the  diffusion  of  pigment  und  the  dissolution  of  cilia.  Mg,  Ca  and  aliphatic 
anesthetics  produce  ilcprrssiun  and  le^si-n  the  pcrmcaliilily,  so  that  they  prevent  Ihe 
effects  of  NaCL  The  ftig  ions  and  the  aliphatic  anesthetics  probably  act  on  di0rreni 
constituents  of  the  envelop.  It  is  therefore  all  (he  more  strikm^  that  in  both  crises  the 
narcosis  is  characterized  by  lessened  permeability.  Similar  phenomena  are  ofa«rrvad 
in  the  effects  of  anesthetics  on  the  sensitive  plant.  In  ner^-e  fibers  aod  in  mtadc. 
Iloebcr,  igis,  found  that  low  concentration:;  of  anesthetics  decrease  permrability.  for 
they  prevent  the  swelling  which  normally  occurs  in  solutions  of  potassitun  salts.  Hi^ 
concentrations  increase  the  permeability;  this  would  correspond  to  a  toxic  cfTect- 
Both  phenomena  have  been  confirmed  on  fish-eggs  hy  McClendon,  rgi^.  Orttt- 
hout.  igi2  and  iQij. showed  that  anesthetics  lessen  the  electric  conductivity,  aad 
therefore  the  permeability,  of  plants.  (Fatal  cunceatratloos  again  increase  the  per- 
meability.) 

The  meckatiiim  ty  vAick  the  lipolytic  agents  inter/erg  wUk  ike  prrmntbHily  of  the  lipoid 


THEORIES   OF    NARCOSIS 


539 


mcmbtane  is  unexplaineci.  It  consist'*  probably  in  a  pliysioil  change  of  the  colltuds. 
Suggestive,  but  not  altofr^cher  consistent,  parallels  havi-  bwn  drawn  with  colIcHdal  sus- 
pensions of  lipoids.  /.I.,  Hoclicr  uad  Gordon,  1914.  found  an  interference  at  imcsthctics 
with  the  precipitation  of  linnid  suspensions  by  calcium;  other?,  ohservctl  increased 
nsconty  of  Icdthin  suspeiuion  (Handowslc>'  and  Wagner,  1911;  A.  Thomas,  1915). 
□owes  describes  a  change  in  emulsions,  so  as  to  promote  the  continuity  of  the  fatty 
pfaaM.  The  variouii  lipolytic  anesthetics  differ  in  their  efTect<i  on  the  state  of  aggrega- 
lion  of  the  pho^phatids  (W.  Koch,  1910) ;  so  that  this  can  not  be  the  esseatiallactor 
ia  narcosis.  S.  Locwe,  1913.  found  that  lipoid  membranes  arc  rendered  less  permeable 
lo  tons  by  lipolytic  agents,  and  sut:gcsl3  that  the  adsor[)tion  of  the  narcotics  converts 
(he  colloids  of  the  plasma  mt-mhranc  from  a  hydrnphilic  to  a  hydrophobic  modification. 
This  would  Icfsen  the  permeability,  and  therefore  the  functions,  potcntLil,  etc. 

The  iliminishe'l  pcrmeitbilily  obtains  only  for  the  anrslhflic  conci-nt rations.  ToxiC 
concentrations  increase  the  permeability,  as  seen  for  instance  in  heniol>-!iLS  (Hoebert 
1015;  Joel,  1915).  Autolysis  is  similarly  increased  by  high  concentrations  (Chiari).  H. 
Me>'er.  1000,  attempted  to  explain  narcosis  by  increased  permeability  through  liquefac- 
li«D  of  the  lipoids;  but  there  is  no  satisfactory  evidence  for  this  \'icw.  The  lipnlytic  oncs- 
[bctics  do  not  change  the  piicit/ify  of  lecithin  emulsions  (Handovsky  and  Wagner.  1911). 
Sorface-aetiOD  Theory. — J.  Traube,  1904,  1910,  1015  and  ;t)i5,  ctyTitrndi;  that  the 
^ctioa  of  the  aliphatic  narcotics  is  cot  due  to  solution  of  the  cell-tipoids,  but  to  cod- 
dentation  or  aiUorpliim  of  the  narcntic  agent  at  the  surface  of  tbf  gross  or  colloid 
p>a-rticl«  of  the  protoplasm,  both  lipoid  and  protein.  The  catalytic  activity  of  th«c 
naH^t^es  would  thercijy  be  diminished,  resulting  in  the  slowing  or  dcstniclion  of  the 
rhduc  processes,  oxidations,  etc.,  and  thus  of  the  functions  of  the  cells.  Surface  conden- 
sation is  proportional  to  lowering  of  surface  tension  tor  invxrscly,  to  "solution  affinity" 
or  "llittdrucl:,"  the  tendency  of  a  substance  to  remain  in  solution).  This  proiKjrtion- 
ality  b  the  basi&  and  test  of  Traubc's  theory.  Since  the  surface  tension  and  the  porti- 
tioD  coefhrirnt  are  generally  par-tllel,  it  i*  diOlcult  to  decide  between  the  two  views; 
but  there  appear  to  be  more  exceptions  to  Traubc'*  rule  than  to  Overton's  {Lillie,  1916). 
Fuehncr.  191 3,  hns  investigated  the  quest  inn  with  homologous  alcohol  arcl  I'mds  thnt  for 
Mti^ui/ysis,  and  for  animals  devoid  of  a  nervous  syUcm,  the  cfhdency  Ls  parallel  to  the 
surfiure  tension;  but  in  proportion  as  the  nervous  system  develops  the  activity  of  the 
hiKher  alcohols  becomes  relatively  greater,  and  agrees  l>etter  with  the  partition  coeffi- 
^e'nt.  Ishixaka.  1914,  also  finds  a  correspondence  between  hemolysis  and  surface  ten- 
?*^n  in  a  series  of  terpen  alcohols  and  ketones;  but  the  chemit  characters  also  had  an 

SttmaUtion  of  Phagocytosis. — Hamburger  and  dc  Ilaan.  and  Bubancvic,  iqii, 
*»*>wcd  that  this  is  stimulated  by  mintitc  doses  of  lipolytic  !igent»t,  parallel  to  their 
^'^ilion  coefficient.  This  is  probably  explained  by  a  lowering  of  surface  tension. 
^■^coiic  concentrations  [Miralyze  the  movements  of  leucocytes. 

Mobilizatloo  of  Potas&ium'. — Menten,  1913,  stales  that  the  quantity  of  potassium 
]S?f  'f  racdullatcd  nerve  Ubers  is  increased  by  local  lipolytic  anesthetics  and  by  iujurj*. 
jy^  is  probably  an  expression  of  the  disturbed  permeability;  but  since  potassium  de- 
P'^lULs  the  conductiWty  of  the  nerves,  it  is  conceivable  that  this  plaj's  a  part  in 
narcosis. 

^I>fthydration. —  Dubois,  1894,  obser\'cd  exudation  of  water  in  narcotized  plant  cells, 
*w  *^Kg*^"^*'  ^^^  narcosis  consists  in  dehydration.  Overton,  however,  showed  that 
the  phcnomeaon  is  a  manifestation  of  irreparable  injur>-,  and  not  of  narcosis. 

Verwom's  Theory  of  Oxygen  Deprivation. — Verworn,  1909  (Harvey 

l-*tturw,  iqii;  '•  Narkosc,"  Jciia,  1012),  and  his  pupils  have  pointed  out 

that  narcosis  is  gtrncrally  accompaiiicei  by  diminishetl  oxidation;  and  that 

o*6ciency  of  oxygen  produces  aricsthcLJc  phenomena.     They  therefore 

w;Uevc  that  narcosis  is  due  to  interference  with  oxygenation;  an  incapa- 

^^y  of  the  cell  substance  to  undergo  oxidation,  even  in  the  presence  of 

"^gen,  whilst  non-oxidative  destruction  proceeds  unchecked. 

Venrom  suggests  that  the  transmission  of  oxygen  may  be  a  function  of  the  lipoid 
•™ttnces,  thus  accounting  for  the  Mcjxr-Ovcrton  law,  and  harmonizing  the  two 
woriet,  Martsfield,  1909,  also  a.ssumes  that  narcotics  lessen  the  ralvent  povrcr  of 
'lfwi$  for  oxygen  and  so  prevent  its  penetration.  This  is  contradicted  by  Winler- 
*''''.  191J.  A,  P.  Matthews,  1014,  believer  that  iheane^ithetics  fix  the  ox>'gen  receptors 
™  )b(  protoplasm  into  a  non-irritable  anesthetic- protoplasm  combination.  Traube 
Wifvothat  the  oxygen  catalyzers  ucc  hindered  by  surface  condensation,  Warburg 
Mi  Wad  find  a  precipitant  action  of  narcotics  on  yeast  press-juice,  parallel  to  anti- 
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ferment  aciivity;  BatelU  and  Siern  describe  nrrcipilBtion  of  miclco-proieins  in  tcD 
tracts,  pamllcl  with  chc-cking  of  osiilaKs.     On  the  other  baod,  Bucrckcr,  igto, 
BaKlioni  liclievc  that  the  narf:otirs  rombtnc  with  the  ojrygen. 

Verwom  concedes  that  higli  concentrations  cause  other  changes,  such  as  coAgidjtl 
hut  Mates  that  these  are  non-rcvcr&iblc,  ami  therefore  not  concerned  in  tnie  niuc< 

Vcrworn's  facts  do  not  prove  his  theory;  for  since  narcosis  suppre* 
irritability,  it  would  naturally  depress  oxidation;  this  wotild  be  the  efi 
instead  of  the  cause  of  the  narcosis.  Conversely,  the  suppressed  i 
lability  by  oxygen  deprivation  does  not  prove  that  every  narcosis  n 
be  due  to  oxygen  deprivation.  This  could  be  accepted  only  if  ini 
fcrence  wth  oxidation  and  narcosis  were  always  strictly  paraileL  1 
is  not  the  case,  and  ihc  theory  is  therefore  not  tenable. 

AneeAetk  Effects  of  Oxygen  DepriTttJon.~The  anesthetic  effects  of  asph; 
have  bng  been  [amiliar.  As  !iamplc<t  of  the  e\idcnce  for  Vrrwom's  theor>'  ma) 
cited  the  fact  that  frngs  pcrfu^d  with  saline  solution  become  inexcitablc;  but  that 
excitability  is  preserved  or  reappears  if  the  solution  is  oxycenaled  (Verwom,  19 
Similariy.  excised  ncr\'e  lose*  its  excitability  in  an  atmosphere  free  from  ox>*Kcn  ( Froel 
1904).  Mansfcld,  igoy,  ^howed  that  the  results  arc  auditive;  the  paraldchyd  nvc 
in  tadpoles  being  increased  by  degrees  of  ox>-gen  deBciency  which  are  in'thenise 
harmlcs-s.  He  also  [loinlrd  out,  iqio,  that  oxygen  deficiency,  like  narcosi?,  decre: 
Ihc  current  of  rest  in  frogs'  skin.  Froclich  and  Healon,  and  I^kawa  tkhowed  I 
oxyitcn  deprivation  delays  recovers-  from  ancslhcsio.  Anaerobic  organisms  are  ; 
subject  to  narcmis,  shomnK  at  least  that  this  has  nothing  to  do  with  free  oxy^a 
its  penetration  into  the  cel1». 

On  the  other  hand,  there  are  inManew  (nerve  Ininks,  vorticella,  cilia)  la  wl 
oxj^gc-n  deprivation  acts  very  slowly,  while  anesthetics  act  very  promptly.  IK 
which  Is  a  strong  a^ohyxiant,  is  a  weak  nncsthetic.  Anaerobic  organisms  are  1 
subject  to  narca^*!,  snowing  at  least  that  this  has  nothing  to  do  ^rith  free  oxTgen 
its  pcnc-tnition  into  the  ccIU. 

Diminished  Oxidation  in  Tfarco^. — Ilertcr  found  that  the  oxidtjung  capacity 
itssut.-^  for  nicthyk-ne  blue  i^  greatly  diminished  in  anesthesia.  Vernon,  i(>og,  dal 
a  quantitative  relation  bctwi-cn  the  hemolytic  effect  of  alcohols  and  Ihcir  intlucnce 
the  respiration  of  excised  kidneys.  Tashiro,  1913,  found  that  ftne%ihrtl(5  grei 
diminish  the  COi  output  of  nerves.  .Viexandcr  and  Cscma,  1913,  daim  that  u 
thelic$  and  morphin  diminish  the  ox>'gen  consumption  and  CO|  fannation  of 
brain. 

Verwom,  1919,  and  othent  have  shown  that  ^'arious  anesthetics  Inhibit  oxidi 
parallel  tr>  their  anesthetic  actinty.  However,  the  required  concentrations  are  of  I 
loxic  rather  than  of  the  anestht-lic  magnitude, 

Interference  of  narcosis  with  oxidation  h  the  general  nile;  but  there  are  tmporti 
exceptions.  Winlerslein,  1913,  pnints  out  that  anesthcwii,  even  when  continued 
days,  need  not  increase  the  acidity  of  the  central  nrrvous  system;  wliile  asph; 
(oxyi;cn  deprivation)  always  increases  the  acidity,  .\ncsthcsia  therefore  does 
always  dimmish  oxidation.  Warburg,  1910,  and  Loch  ami  Wa&leDcys,  1913,  tind» 
oxygen  consumption  normal  in  narcotized  sea-urchin  eggs. 

Chemic  Theory  of  Moore  and  Koaf. — The  rvidcnce  lor  the  extension  of  the  Epo' 
theories  to  the  permeability  of  the  plasma  membrane  i*<  not  as  complete  as  thai  foa 
parallelitm  of  Itie  narcotic  action  and  the  partilion  cuedicient.  It  hns  been  »ugEM 
(Kochmann,  1Q06)  that  the  litraid  solubility  is  merely  the  necessarj'  condition  fan 
entrance  of  the  narcotics;  and  that  the  real  action  occtirring  withm  the  cell  mi 
altogether  different,/.!.,  chemic  (HeN-mans  and  De  Buck,  1905).  It  i*  most 
however,  that  the  qu.\ntitative  paraflelism  between  narcotic  effect  and  parlit 
dent  would  obtain  if  the  intracellular  Rction  were  bused  on  different  prvpcrl 
is  it  nlausiblr  that  the  chemic  effects  of  the  chemically  dissimilar  lipolync  rat 
should  all  result  in  the  identical  narcotic  phccomciia. 

Interest  in  the  chemic  theories  was  revived  by  the  ob»*r\'ation4  of  Moore  . 
1905,  which  indicate  the  possible  cxi-itcnce  of  loose  rcverMbIc  chemic  cocnt 
between  certain  anc-sthetica  and  proteini;.     F.i.,  with  high  concent  rations  of  cU< 
its  snliihilily  in  <urrum  and  li^ue  extrarl.^  docs  not  obey  the  ordinary  laws  of  mJo^ 
but  this  is  probably  an  ad^rption  pbeoomenon,  wliich  need  not  have  anythini;  i- 
with  narcosis.     Cushny,  igio,  finds  that  the  exhalatkni  of  the  volatile  mt-ti  ' 
alkyl  series  is  exactly  analogous  to  their  e%-aporauun  from  watery  solution^ 
that  anesthetic  concentrations  exist  in  the  t>ody  in  purdy  ph>-sical  soluti^ 
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pmipitation  of  proteins  by  lipolytic  agents  requires  mucli  higher  concentrations  than 
cjiist  in  ane^lhe^ia. 

Morphologic  Changes. — It  may  well  be  supposed  that  the  chan^  in  the  ph>-sical 
composition  o(  the  i.rll  will  produce  cyrrespundiiig  changes  in  their  histologic  »lructurc. 
Most  of  thci^  would  probably  dL-mppcur  in  the  process  of  ftsation,  but  certain  of  them 
appear  to  persist.  A  uiminution  and  fusion  of  the  Am/ fPdHr(/«  have  been  described  by 
good  observers  after  deep  anesthesia  (Fig,  25I;  other  obser\-ers  hiivc  not  been  able  to 
confirm  this,  and  the  changes  may  be  only  artifacts.  Kocher,  1916,  emphasizes 
the  numerous  sources  of  error  and  the  inconstant  results  of  such  obsen-ations. 

It  h  i\ia  stated  that  the  dendrites  of  matiy  pyramJilal  rdls  sbuw  muni)iform  cn- 
lirRemenls;  the  alterations  disappearing  completely  within  forty-eight  hours,  even 
Twiien  caused  by  chloroform  anesthesia  of  riine  hours'  duration.  L£pinc  and  Duval 
Attributed  anesthesia  to  retraction  o(  the  dendritic  nroccsscs. 


>-    »$.— Alcohol  on  Purldnw  cbIU.  cat— Ntut  «UUi  (after  C.  C.  Steimrt):  1.  Normal:  >.  aloofaal 
lor  (Uty  minutu;  j.  for  ft(ty-fuur  huuT«. 


ALCOHOL 

ilthyl  alcohol  is  a  local  irritant,  .\fler  absorption,  it  depresses  the 
*^ctitral  nervous  systeni,  especially  the  "higher  functions."  IL  simulates 
^^itnulalion,  chiefly  by  lowering  the  normal  restraining  functions;  but  there 
'^ay  be  some  direct  facilitation  of  motor  processes  and  respiration, 

I.ocal  Action  of  Alcohol. — Concentrated  alcohol  ''hardens"  tissues  by 
a-bstracting  their  water  and  precipitating  the  proteins.  It  is  therefore 
^'rttant  and  astringent.    The  effect  is  proportional  to  the  concentration. 

Applied  to  the  skin,  it  causes  some  redness  and  burning,  followed  by 
^^^t  anesthesia.  It  is  therefore  employed  as  a  mii4  rubefacient  and 
^tintcrirritant  in  sprains  and  other  minor  pains.  It  may  be  applied  in 
*o  to  50  per  cent,  concentration,  by  friction  or  embrocation.  It  is  often 
^tnbincd  with  other  raild  irritants,  astn  iheLinimentum  Saponis,  Spiritus 
Camphorsc,  Aqua  Hamaraelidis  ("Witchhazcl")  and  Tinctura  Arnica. 
^^it  presence  of  considerable  proportions  of  alcohol  in  other  spirits,  tinc- 
tures, fluidextracts,  wines  and  elixirs  should  be  borne  in  mind,  both  in 
"Wir  external  and  internal  use. 

If  the  alcohol  is  sponged  on  the  skin  and  permitted  to  evaporate  it 
produces  a  cooling  effct.  This  Is  utilized  in  Jnxr,  and  in  excessive  per- 
fintion  ("night-sweats"  of  phthisis).     The  cleansing  and  hardening  of 
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the  skin  h  also  useful  in  this  connection,  and  to  prevent  the  de^'elopmeot 
of  bed  sores.  The  astringent  and  stimulant  action  promotes  the  healinf; 
of  «/ferjr  (25  to  50  pt-r  cfnt.).  Brcitmann,  1913.  recommends  its  liberal 
use  as  an  astringent  lotion  (70  per  cent.)  in  first-  and  second-degree  bums. 

On  mucous  membranes,  the  local  action  produces  hj'peremia  or 
inflammation  according  to  the  concentration  (see  the  "Effects  on 
Digestion").  Even  the  minor  grades  of  this  irritation  produce  chronic 
inflammation  on  continued  use,  and  this  tends  to  extend  bcv'ond  the  local 
surface,  producing  fatty  and  fibrous  changes  in  the  internal  ur^ajts  (see 
"Habitual  Use").  Thudiurcticactionof  alcohol  indicates  that  it  irritates 
the  renal  cells. 

Subcutaneous  Injections  of  alcohol  in  concentrations  above  50  per 
cent,  are  very  painful;  especial  care  should  be  used  not  to  inject  it  near  a 
ner\'e. 

Intnmeuxal  Injectiom  of  alcohol  were  introduced  by  SchocMer  for  the  relief  of  ofo- 
ralgUL  and  Miasms  (O^twald,  199&;  Harri.i,  1914).  They  are  gcnenUy  rffcctive;  bul  an 
froqueotly  loUowed  by  toxic  degrneration  of  the  nerve-  They  tibnuld  tliercfon;  be 
avoided  for  motor  or  mixed  nerves  (sciaiica),  and  tiad  their  best  lidd  in  txigemituJ 
oearalgia,  as  a  substitute  for  tlie  extirpatttm  of  the  Gasserian  ganftlioD  (Ftschkr,  igo;}. 

Cadwatoder,  1915,  has  studied  the  results  of  various  conceDiratiom:  So  per  cenL 
alcohol  produces  immediate  and  complete  jmralysb,  followed  by  ab«otute  histolo^ 
degeacralion.  The  paralyas  may  persist  for  a  year,  or  until  regeoeration  is  complete; 
in  case  of  scar  formation,  there  may  be  no  regeneration.  50  P«r  cenL  causes  lcs&  vevtrt 
paralysis  and  dei^enerationi  aad  2$  per  cent,  h-u  but  little  cncct  in  either  respecL 

Bactericidal  Action  of  Alcohol. — 70  per  cent,  alcohol  is  a  fairly  effec- 
tive germicide.  Concentrations  above  So  per  cent,  and  below  60  per 
cent.,  however,  are  almost  inactive  (A.  UeycT,  1911:  Sottilc,  19x2),  be- 
cause tliey  do  not  penetrate  proteins  as  readily  (Tijmstra,  191J). 

"Stimulant"  Effects  of  Alcohol.^These  arc  observed  in  most  indi- 
viduals, after  taking  "moderate"  doses  of  alcohol— a  quantity  not  easily 
expressed  in  cubic  centimeters.  The  phenomena  are  only  too  well  known. 
They  are,  at  first  view,  t>*pical  of  stimulation.  There  is  an  increase  in 
the  rate  of  the  resfnratiofi  and  of  the  heart;  the  biood  pressure  rises.  The 
skin  is  reddened,  with  a  grateful  sensation  of  warmth  and  comfort.  There 
is  an  increased  vivacUy  of  motion,  action,  and  speech,  which  laticr  may 
acquire  a  stamp  of  brilliancy,  even  of  inspiration.  The  suhje^ive  c^ndiiiou 
of  the  individual  also  undergoes  a  peculiar  change. 

Shyness,  if  it  ordinarily  emt^,  is  reulacetl  by  self-confidence.  The  pet«>n  under  the 
influence  of  alcobol  fceh  an  unlunitea  confidence  in  his  own  powers  and  accompltsh- 
ments,  both  intellectual  and  phy^cal.  He  will  attempt  very  lUfiJcult,  even  impassible, 
tasks,  and  feel  that  he  accompUsbes  them.  And  be  similarly  overestiinatea  the 
prod uc lion*  of  others.' 

These  manifestations  are  so  conspicuous  and  apparent,  that  alcohol  in  proper  doMl 
has  been  considered  a  t)-pic3l  stimulant;  lhi»  opinion  is  still  held  by  »ome  esoiaort 
pharmacologists.  However,  the  critical  study  uf  its  actions  teniU  10  the  cimdv- 
sioQ  that  moit  of  ihest  aettons  do  not  df^nd  upon  true  Jireti  ilintil^itioH  of  lb* 
nerve-ccnten;  but  that  Ihcy  are  the  indirect  result  of  incoordination,  of  aocesaDry 
(actors  of  environment,  and  of  reflex  stimulations. 

If  the  phcnomeiu  be  somewhat  more  closely  inquired  into,  this  will  become  uiparcnl 
at  once.  Of  the  physical  phenomena,  ihc pushing  0/ lite ruiannms  vetuU^lo  wmcb  ibe 
sensation  of  warmth  mu.st  be  attributed — occurs  as  the  result  of  a  vasomotor  panhrai,' 
restricted,  it  is  true,  to  this  area.  The  qitkhnud  pulic  results  partly  from  traena 
caused  by  swallowing  and  by  irritation  of  the  mucous  membranes,  partly  frua  tfac 

■  No  lictvir  dncnption  of  tbcM  ellecu  crno  be  given  than  that  ot  Kocnemi  "What  mtmtttrt  A/wt 
Ml  wirwl  It  di«ctoae«  arcTvU;  nliftra  and  coaftrnut  uur  bopni:  tfannto  tlM  oowani  tirtlt  to  tallkt 
•MM  the  anaioot  mind  of  iu  bvnhen;  jonructa  in  ana.  WnDtn  baa  not  a  ctocrlul  ffiam 
tioqucntl    Wtaoin  not  qoiu  Tre*  and  eair  from  pJodiiBK  povBrtrr* 
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increitsed  exritemeni  and  motion;  not  st  alS  from  a.  direct  action  oq  the  cardiac  ncn'ous 
or  muscular  mcchani&m — for  it  is  entirely  absent  in  animaU,  and  very  brief  in  man  if 
the  factor  of  rxcitcmcnt  be  eliminated.  The  guichrniHg  of  Uu  respiratioH  is  also  l&rgdy 
due  to  umiiar  causes. 

Tbc  psychic  phenomena  find  their  explanation  in  a  dulIinR  of  certain  mental  faculties 
whilst  oilipfs  iiri'  alill  practically  unaffected^ in  a  disturbance  of  what  has  been  called 
the  "normal  balance  of  the  brain."  The  first  functions  to  belo^tarc  I  he  finer  grades  of 
judgment,  reflection,  observation,  and  attcction^thc  faculties  which  have  largely  been 
acquire«l  through  education,  and  which  constitute  the  elements  of  tbere&tnunt  and  pru- 
dence which  man  usually  imposes  on  his  actions. 

Thu!*,  to  quoitf  a  well-known  example:  Tiie  orator  no  longer  considers  that  he  may 
be  caUed  to  account  for  his  utterances;  he  allows  himself  to  be  carried  by  the  impulse  of 
the  moment,  without  reSectinfi!  on  ultimate  consequences,  and,  as  his  expressions  become 
freer,  they  acquire  an  apitcanincc  of  warmth,  of  feeling,  of  in:>piration.  And  not  a  little 
of  this  inspiration  is  contributed  by  the  audience,  who  are  usually  in  a  similar  condition 
o(  increased  appreciation. 

The  viev  tJuit  alcohol  increases  the  intellectual  and  physical  powers  of  the  individual 
is  shown  by  actual  experiment  to  be  erroneous,  and  based  almost  entirely  upon  the 
nibjeclive  conditions  ot  the  individual,  his  weakcni^l  faculty  of  judRmeiil. 

Experience  soon  teaches  this  lesson:  that  alcohol  docs  not  really  stimulate.  Persona 
who  have  to  undergo  severe  exertion,  cither  ph>-5ical  or  intellectual,  very  rarely  lake 
alcohol  before  or  during  their  labor,  but  only  wften  this  h.  finished.  Ancf  then  not  for 
any  rtimulating.  but  really  for  its  depressing,  effect;  for  the  feeling  of  comfort  and  general 
relaxation  which  it  induces.  The  continued  use  ot  large  doac*  of  alcohol  greatly 
4timintsbes  tbc  activity  of  the  individual,  and  even  moderate  dosea  tend  to  have  the 
«ame  effect. 

.\nother  very  characteristic  feature,  e^-idcntly  resulting  from  this  paral>"s[s  of  the 
tiigher  functions  is  the  lets  of  iitr.  powtr  to  imUrul  tnootis.  There  may  be  causeless  merri- 
xxttat  or  sadness,  friendliness  or  the  opposite.  It  is  interesting  to  note  how  often  alcohol 
bdn^  out  the  true  character  of  an  individual  by  Uiis  abolition  of  restraint:  "There  is 
cnith  in  wine."  On  the  other  hand,  the  habits  of  self-control,  where  they  have  been 
fUhivmted,  persist  to  some  extent  even  in  intoxication. 

E]q»eiiniental  AnalysiB  of  Psychic  Phenomena. — The  extensive  studies 
of  Kmcpelin,  1892,  led  him  to  the  conclusion  that  the  effects  of  alcohol 
3J"e  purdy  depressant  on  sensorj*  and  intellectual  processes,  while  the  gen- 
eration of  motor  impulses  is  at  first  stimulated,  out  later  also  depressed. 
-Increase  of  dosage  prolongs  the  psychic  depression,  and  shortens  the  motor 
stimulation.  The  ''stimulant "stage  of  alcohol  therefore  favors  mechan- 
ical jwrformanccs — the  "simpler  reactions"  of  memorizing,  mechanical 
reading,  rejieiition,  at  the  expense  of  the  more  intellectual  processes — 
s^sociaiiou,  ariliimetical,  etc.  It  favors  motor  impulsiveness,  but  pro- 
duces intellectual  dulness  and  silliness,  lessens  thought  and  judgment,  and 
'^sistance  to  temptation,  and  thus  leads  to  its  abuse.  The  euphoria  prob- 
ably depends  on  the  deceptive  feeling  of  facilitation  and  capability. 

t*»ychif  Dtpresshn. — With  doses  of  30  to  45  Gm.  of  alcohol,  tliU  lasts  thirty  to  forty- 
^vc  txufluics;  nith  60  Gm.,  one  to  two  hours.  The  phenomena  arc  .somewhat  analogous 
**  fa.t%ac.  In  both,  mechatucal  associations  predominate.  However,  the  lighter 
Slides  of  alcohol  "fatigue"  disappear  with  exercise,  while  genuine  fatigue  is  rcticvod 
«^y  »>yrcst. 

^ oUrr  Proctijfs. — The  facilitation  begins  at  once  and  lasts  at  most  twenty  lo  thirty 
JjiWitcs,  less  with  larger  doses.  It  is  followed  by  depression  even  with  the  small  dose 
2  7-5  Cm.  With  45  to  60  Gm,,  the  initial  facilitatiun  is  seen  only  cx<.T.-pliunuI1y. 
y^'cvcf,  the  results  depend  somewhat  on  circumstances;  tti  excitement,  even  large 
!™*  produce  facilitation;  and  in  fatigue,  small  doses  may  denrcss.  The  more  mechaa- 
•oi  t  he  function,  the  more  conspicuous  is  the  facilitation.  The  force  measured  by  the 
Jvtt^'Oiometer  is  not  increased,  so  that  the  rate  rather  than  the  force  of  motor  impulses 
|*J*'*'o»cti.  There  is  alw  evidence  that  the  muscular  contraction  proper  is  nnt  quiclc- 
^^  IjBt  thai  the  motor  impulses  arc  started  more  easily. 

P^^c*piioH  cf  SffHjwy  Impressions. — This  is  impairetl  for  hours,  even  by  J'^  oz.  of 
•Itajol  ;Krae[K-lin,  1916). 

^u*  rScxcs  from  the  frog's  skin  are  depressed,  even  with  the  smallest  effective  dofics 
(Jlyde  uk]  pupils,  1913),  before  there  are  any  grossly  viable  symptoms. 
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F.  G.  BenedicL,  1916,  finds  ihaL  30  lo  45  cc.  of  alcohol  docs 
facilitate  movementii,  but  that  all  sorts  of  reflexes  arc  deprea 
pccially  inhibitions.  The  sensory  threshold  is  raised.  Memc 
association  are  unafTected.  The  effects  are  maximal  in  one  and  1 
hours. 

Use  as  Stimulant. — Even  the  "stimulant"  doses  do  not  incp 
telleciual  cllicienc)  ;  but  they  could  be  employed  for  facilitating 
functions  of  short  duration;  not  so  much  lo  increase  their  force, 
overcoming  inhibition  or  hesitancy;  to  promote  decision  or  rea 
/.(.,  in  speaking,  in  psychic  dreads,  etc.  It  would  be  uofavoi 
attention,  watchfulness  or  ready  judgment.  The  stimulant  dos* 
generally  not  be  more  than  15  to  30  Gm.  of  alcohol;  or  if  a  longi 
is  needed,  5  to  8  Gm.  in  twenty-minute  intervials. 

Akohol  on  MoscuUr  Work. — tn  man,  the  crgOKraphic  expcrimcnU  o(  I 
1801,  showed  ihnt  the  muscular  force  in  vulutitiiry  conlraclinns  is  nol  incrrascc 
appreciation  nf  fatif^c  is  lessened  (Jotcyko,  1904,  Focr^tcr,  1911),  ^o  that 
work  may  be  increased.  When  a  finger  is  tetaniawi,  by  clcclric  stimuUtion, 
work  is  ra:her  decreased  (Lombard);  the  favorable  effect  mufl  therefore  b4 
partly  central  (facilitation  of  cerebral  motor  processes).  Howc\tr.  the  1 
re»|x>nse  h  miwlifiud  by  the  previous  state  of  the  muscle*  af,  wel!  as  b>-  the  1 
alcohol:  lieilitcn,  1904.  found  that  moderate  do^es  (10  Gm.)  at  fir^t  increase  t 
of  voWntiiry  muscul:Lr  work  Clo9]>e-r  cent.),  but  inone-half  hour  diminish  it  to  6 
below  normal.  M>trs,  1912,  reports  no  cffccla  from  s  to  ;o  c.c;  30  to  40  1 
irregular  results,  most  commonly  a.  primarj-  Jiit reuse  and  wcuiidarj'  decrease  of  1 
The  increase  is  seen  only  when  the  muMrIc  is  not  too  much  exhausted,  but  it  U 
by  moderate  fatigue.  The  favorable  effect  ihercforc  appears  lo  lie  due  part] 
direct  food-value  of  the  alcohol,  soracvrhat  as  with  suRar;  the  food  efTect  ol  1 
more  prompt,  but  not  as  cflideDl  b  the  long  run.  The  depression  of  the  large 
purely  centiiUt 

On  /rfg'i  muscie,  minute  quantities  have  no  effect;  moderate  dose*  wera 
exert  a  fa\*orable  action  on  all  the  features  of  muscular  activity:  larger  quajg 
very  unfavorable  (l,ec  and  Salani,  igo?!.     Crider  and   Robinson,  igio,  altii 
reported  favorable  ctfcct  to  eitperimental  error. 

The  effects  on  iavenetnates  and  lower  vertebrates  have  been  studied  by 

The  Effects  on  the  Respiration. — ''Stimulant"  doses  of  ala 
crease  the  rate  and  depth  of  the  respirations,  by  reilex  and  ceaCra 
lation.  This  may  aid  in  the  therapeutic  use  of  alcohol  as  a  sU 
With  narcotic  doses,  the  respiratory  center  is  depressed. 

The  increase  is  quite  large;  the  amount  of  respired  air  may  be  doubled.  T 
IS  especially  Uir^^e  in  fatigue,  and  Is  greater  with  vines  and  li(|uurs  rich  in  "b 
than  with  dilutions  of  pure  alcohol  (Binz,  1903).  Wcndclstiidt,  1899,  obtaiiu 
results  in  man. 

The  increased  respiration  is  partly  due  to  the  eencral  excitement  and  pu 
Sexes  from  the  local  irritation  (Jacquct,  1S95)  and  from  the  odor,  etc  Howe 
increase  occurs  even  in  sleep,  so  that  thefactor^of  environment  arc  not  essenti 
can  it  be  alfirmed  that  it  is  due  solely  to  reflex  irritation,  for  other  irritants  dc 
duce  an  equivalent  effect  (Binz,  1903).  Moreover,  an  immediate  incrrase  o 
tJon  occurs  if  alcohol  is  injected  into  tlie  brain  throuf^h  the  carotid  artcr)*  t  \V 
1897}.  It  is  therefore  certain  that  the  respiratory  center  is  stimulated  dira 
Fonteyne,  1906,  finds  that  largr  doses  lessen  at  first  the  rate,  and  later  also  tb« 
In  rats,  I'ilcbcr^  iQtz,  found  the  rate  usually  increased  by  all  except  fatal  d< 
decerrbrated  cals,  doses  \A  0.5  lo  5  c.c.  [ler  luluEram,  dilute  of  concentrated,  d 
change  in  the  respiration  (X.ieb,  1915}. 

The  Effects  on  the  Circulation. — These  arc  rather  inconstant, 
nol  only  with  ihc  dose  and  concentration  and  mode  of  adminis 
but  also  wtlii  the  condition  of  the  ind)%'idual. 
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SmuU  Therapeutic  Doses  (in  man,  to  perhaps  5  to  25  c.c.  of  absolute 
cohol,  diluted  al  least  lo  25  per  cent.)  produce  generally  (but  not  always) 
n  insignificant  quickening  of  tbe  pulse  rate,  due  mainly  to  excitement. 

The  cutaneous  vessels  are  dilated,  and   the  splanchnic  vessels  are 

mewhat  constricted  leading  to  a  rise  of  the  systolic  blood  pressure  and 

a  fail  of  the  diastolic  pressure.     The  mean  aortic  pressure  rises  slightly 

most  cases,  but  not  always.    The  normal  heart  muscle  is  probably 

t  affected  by  these  doses;  but  the  exhausted  heart  may  be  stimulated 

the  nutrient  action  of  the  alcohol. 

The  actions,  taken  together,  alter  the  distribution  of  the  blood,  so 

at  more  will  be  contained  in  the  surface  vessels  and  in  the  arteries,  and 

less  in  the  splanchnic  veins.     The  amplitude  and  force  of  the  pulse;  the 

^* mass-movement"  of  the  blood;  the  output  of  the  heart;  and  the  effi- 

(tiency  of  the  circulation  in  general,  will  be  improved.     The  effects  are 

not  very  great  and  not  altogether  constant  in  normal  indi\'iduals;  but 

they  suffice  to  produce  decided  therapeutic  effects,  especially  in  conditions 

cxhau.stion. 

The  actions  reach  their  maximum  in  about  half  an  hour,  and  disappear 
in  an  hour  or  two. 

I  Somewhat  Larger  Dcsrs  (45  to  90  c.c.  of  alcohol  for  man,  diluted)  pro- 
Bucc  at  first  the  same  effects,  followed  in  an  hour  or  less  by  decreased 
amplitude  and  force  of  the  pulse,  mth  progressive  fall  of  the  systolic 
pressure,  and  unaltered  or  rising  diastolic  pressure.  If  the  alcohol  is 
taken  in  more  concentrated  form  on  an  empty  stomach,  this  stage  may 
occur  at  once,  without  the  preliminary  improvement  of  the  pulse.  The 
fall  of  the  pressure  is  attributable  to  splanchnic  dilation,  replacing  the  con- 
striction of  the  first  stage.  The  action  is  therefore  comparable  to  that 
of  the  nitrites.     The  effects  reach  their  maximum  in  one  to  one  and  one- 

r:  hours,  and  last  one-half  to  one  hour. 
Toxic  Doses  depress  the  vasomotor  center  and  perhaps  also  the  cardiac 
muscle,  so  that  the  blood  pressure  falls  severely.     The  heart  rate  may  be 
slowed  through  central  vagus  stimulation,  or  through  the  depressant  ac- 
jlion  of  the  coma;  or  it  may  be  quickened  by  the  fall  of  blood  pressure. 

IlMrt  Rate.^Thi'  effect  is  greatly  modified  by  the  condilioa  of  the  mdrnduaJ.  It 
U  generally  increased,  mainly  by  the  psj-chic  and  reflex  acliorLi  (Dison,  1007);  the  in- 
crra^se  i*  ofleti  iibsciU,  especially  if  the  patient  keeps  quiet  (Zimmermaan,  1896;  jncquet, 
i8qi,  Dixoti'i;  but  with  largiT  <li«cs  it  may  occur  t-ven  then  (John,  igoS),  nresumabfy  to 
of[«ct  the  foiling  blcxxl  pressure.  Aaimols  give  similar  inconstant  results  (Pitcher,  191 3). 
The  intravenous  Injection,  into  con-iuie&thetued  animals  generally  causes  some  slowing 
(Brooks,  1910). 

Genrral  Blood  Prrsiure. — fn  wan,  Kochmarn,  1905,  and  Bnchom,    [90;,  found  a 
e  of  systolic  pressure  with  small  doses.     Dixon,  1907   (dose  not  slated)  found  the 
slolic  pressure  urtrhanged  oT  slightly  raised,  the  dia.stolic   pressure  lowereil.     This 
IS  conhrmed  by  John,  1908.     Licb,  15115,  observed  praclicallv  no  effect  from  diluted 
li^lcey  (usually  5  to  10  c.c).     When  given  conccntriited.  ihis  uo&ane  uauaEly  produced 
a^liicbl  reflex  rise  (about  5  mm.)  of  the  s>'slulic  and  rliiisUilic  pressure,  retuniinB  lo  nor- 
_nul  in  less  than  one-half  hour.     The  return  of  the  diastolic  pressure  U  somcivhat  slower, 
<  that  the  pulse  pressure  is  dfcrcascd.     The  Tigerstcdt  formula  indicates  a  vcr>-  slight 
crease  of  cardiac  cffidencj-.     These  effects  arc  entirely  reflex,  and  arc  most  pronounced 
the  reflexes  arc  hyijcractive;  least  in  apathetic  patients  and  toxemias.     Moderate 
are  more  suscepQblc  to  them  than  drinkers.     With  larjfcr  dnse-s  John  found  a 
live  fall  of  systolic  pressure,  with  unchanged  or  rising  diastolic  pressure. 
Itbetized  animals  .nre  nbviuusly  not  suited  for  deierinining  the  effecis  of  i«maU 
alcohol.     In  utMnfsth':tizcti  <i»imijls,  Brooks,  1910,  found  that  the  oral  admini»> 
ktion  pTMlured  a  slight  rise,  lasting  five  In  Itn  minuter;  adminUtraCion  tliroui^h  a 
trie  tetula  had  no  effect;  intravenously,  there  was  the  sharp  drop,  common  to  many 
followed  by  rapid  recovery. 
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In  decerebrated  cats,  Lieb,  1915,  round  no  marked  change  in  the  blood  pressure  < 
heart  rate,  after  0.5  to  5  c.c  per  kilogram,  diluie  or  cunccnlraled. 

The  V'rtB  presufte  is  not  chiingcd  by  small  doses,  but  increased  by  lai^ge  doses  whici 
injure  the  heart  (Capps  and  Ma:the«-i.  1915). 

Blood  Flaui — Alcoholic  beverage*  of  the  strength  of  wine,  ndminiMered  to  Dormi] 
men  in  moderate  dotes,  produce  a  brief  preliminary  decreaM,  followed  by  a  more  lasting 
increa^ie  of  the  blood  flow  in  the  hand.  Both  efTccts  nre  vasculAr.  Alcohol  also  favon 
vasodilator  reflexes,/.!.,  tho  contralateral  hc&t  reflex  (G.  X.  Stevart,  1915).  naniUk 
and  Collins,  1913,  found  the  cinrulatiua  time  in  inleslbat  vessels  distinctly  ilowed 
by  relatively  small  doics  of  alcohol,  intravenously,  even  when  the  carotid  pressure  m» 
unchanged. 

Voiomotor  Changes. — ^The  cutaneous  vasodtUilioH  in  obvious  on  mere  Inspection,  and 
may  be  confirmed  by  pEethyFniograms  of  the  hralM,  and  by  the  blood  flow.  Snce  the 
blood  pressure  does  not  fall  in  the  early  stages,  it  is  e\'ident  that  this  dilation  of  the  sur- 
face vessels  is  compensjited,  either  by  the  constriction  of  other  vascular  arras,  or  by  in- 
creased Dutiiut  of  the  heart.  Both  factors  appear  to  contribute  to  tht  result,  accordtt 
to  circumstances. 

SplatKhmc  vaitKonstridum  in  the  early  stage  has  been  demonstrated  by  Dii 
1907.  who  found  that  the  volume  of  the  intestine  decreases  while  the  blood  pressure  rises. 

General  uisodilatian,  presumably  in  the  more  advanced  stages  of  the  action,  is  shnw^^ 
by  the  fact  that  the  blood  pressure  is  practically  not  increased,  nolwiihstandinf;  coi^H 
siderable  increase  of  the  output  of  the  heart,  as  measured  by  tlie  slromuhr  (Hcmmet^^H 
1889;  Wood  and  Iloyt,  1905),  or  by  the  cardiometer  (Dixon).  If  the  vasomotor  center 
ts  excluded  by  section,  the  injection  of  the  alcuhol  cau*e*  a  more  marked  rise  of  prcuure 
(Kochmann;  Wood  and  Iloyt),  showing  that  the  vasodilator  action  of  alcohol  must 
central.     (Bachcm,  however,  found  U-ss  rise  after  scttion  of  the  vasomotor  center.) 

VasotHottr  Rffiryf; ; — Porter  and  Turner,  1915,  f>r>d  that  alcohol  may  suspcrxd 
motor  reflexes  even  when  the  general  lc%-e[  of  the  blood  pressure  is  not  altered.     TT>| 
conclude  from  thi.^  that  5epiir.it«  centers  eidst  for  vasomotor  tone  and  refleseit. 

Direct  Aedon  en  Veiseii. — These  appear  to  be  insignificant.  On  perfusion,  Dixon 
found  in  mammals  slight  dilation  with  o.i  to  0,3  per  cent.;  higher  comentralions  gave 
constriction.  Pcriuiion  of  the  fros  showed  moderate  constriction.  In  gur^'iving  arterial 
lisA  Cow,  igit,  found  very  sUKht  respoosci  Iran^enl  constriction  foUowod  by  dila- 
tion.    Plumier,  1905,  believes  that  alcohol  has  a  peripheral  constrictor  eHect. 

Improved  Xutrilicn  of  the  Heart. — The  increased  output  of  Ihi  heart  in  situ  is  attested 
by  the  stromuhr,  cardiometer,  rise  of  p^e^su^e  after  destruction  of  vasomotor  center,  et^^H 
Smce  thia  improvement  is  not  usuollv  noted  in  excised  hearts,  it  can  not  be  due  to^^| 
direct  action  uf  alcohol  on  the  cardiac  muxle.     Kochmann,  1905,   ftltributes  it  ^^" 
improvement  of  the  coronar>*  circulation  by  the  general  vascular  changes.     Dixon,  1907, 
brings  good  <ri'idencv  that  the  food-value  of  ahohol  plaj-s  the  most  important  r6le;  for  he 
fmds  it  most  effective,  in  excised  hearts,  when  the  nutrient  supply  has  been  previously 
exhausted.     Hamill,  1910,  then  showed  directly   that  pcriuscd  hearts  are   able   to 
meta.bolt£e  alcohol. 

Excised  Mammali<in  Heart. — ^"ITie  effects  have  been  studied  by  pcrfurfon  with  Langm- 
dorS's  method,  especially  by  Kochmann,  1904;  O.  Locb,  190$;  Bockmanci,  1906;  K,ano, 
1913;  Barry,  1915. 

Concentrations  up  to  o ,  5  pec  cent,  are  absolutely-  without  action,  acconSinx  to  Btot 
obMTverft.  Locb,  however,  describes  occasional  slight  stimulation;  and  Dixon  fiiuis 
increased  excursions  constantly  if  the  heart  has  bc<rn  exhausted  {^k  preceding  section). 

Concentrations  to  o  5  per  cent,  alw  gi\'e  no  result,  or  at  most  infiigni^cxot  and 
slight  slowing,  or  weakening  or  arhythmia.  \\1lh  concentration  of  ipcrccnt.and  higher 
marked  depression  appears;  the  systoles  arc  weakened,  but  the  diastolic  cxrur»ion>  at« 
not  incrca-scd.  The  coronary  vessels  appear  somcwhot  dilated.  2  ^  cent,  of  alcohol 
duses  severe  damage  to  the  muscle,  especially  of  the  uurides,  which  are  slowed  mad 
wcakcnc^l,  while  the  vcntriclcri  may  I»e  merely  sluwt-d  (Bnrry,  191  >)•  Four  to  J  percraL 
arrcf  ts  the  hcirt  in  diastole;  the  auricles  stopping  before  the  \xnLride.  If  the  urobol  is 
removed,  the  heart  recovers  rapidly,  c\'co  from  severe  depretBiun.  Repeated  paladan 
gives  rapid  liabituation  (Kuno). 

Brondini,  igij,  found  the  depressant  effect  on  perfused  rabbit's  heart  increased  with 
rise  of  temperature. 

The  concentration  of  alcohol  in  the  blood  of  liWng  animals  is  said  to 
be  0.12  per  cent,  in  "slight  confu.«;)on,"  and  0.7  per  cent,  in  deep  narcosis. 
It  is  therefore  evident  that  the  direct  cardiac  effects  of  alcohol  pUy  no 
part  in  either  the  tlierapeutic  or  toxic  phenomena. 
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Pressure  in  Ptilmotuiry  Artery. — Dixon,  IQ07,  and  Wood,  1911.  finds  this  slightly 
inctcascd.  even  when  the  carotid  presure  \&  unchanged,  Cloelta  and  Andere*;,  1914, 
found  the  effect  on  Uh'  )nilmonary  vcsscb  inconstant;  generally  dilalion.  rarely  cod- 
strictlon. 

Cerebral  Circuialion. — Contradictory  results  were  obtained  by  Aliprandi  ajid  For- 
maroli,  i()05;  and  hy  K.  Wcl>er.  JJ09.  Hirsclifclder,  igij,  describes  dilation  of  the 
vessels  of  the  pia  mater  and  retina.     Berczin.  igi6.  also  observed  dilation, 

Tke  Jrng'i  heart  is  stiniulaled  by  smull,  and  depressed  by  lu^jher  concenlratloiis 
(Wood  and  Hoyt,  1905);  according  to  others,  ei.-cn  the  smaller  doses  arc  depressant 
CDnraer,  1887). 

ffemolytic  Aetifltt. — Akoho!  added  in  suilicicnt  concenlration  directly  to  blood  causes 
hemolysis  (C,  II.  Schulz,  1^41).  This  concentration  is  not  reached  in  Ii\'ing  anirDals; 
but  the  rcsbtancc  to  lakin^  agents  is  noticeably  lowered  (LtcbcrmanD;  Fillingcr,  1912). 
Continueil  admimstnilion  increases  the  re^slance  of  the  corini^cles  (Orban,  1913),  U 
the  relative  hemolytic  etTcct  of  ditferent  alcohols  Is  comnarcd,  it  is  found  to  be  propor- 
tional to  theii  effect  on  surface  tension,  rather  than  to  tneir  lipoid  solvent  action  (Fuh- 
Dcr,  1913).  J.  K.  Schultz,  1913,  has  investigated  the  influence  of  various  substances 
(bcluding  sera  in  different  diseases)  on  the  alcohol  hemoK'sts. 

Blood  VisrcsUy. — ThJ*  is  somewhat  increased  by  the  adnuDistradon  or  inhalition  of 
alcohol  or  methyl  alcohol  (Burton-Opitx,  1904,  1914), 

Use  of  Alcohol  in  Collapse. — The  effects  of  alcohol  on  the  general  cir- 
culation are  utilized  in  the  treatment  of  collapse  and  in  exhausting  fevers. 
Its  usefulness) as  a  quickly  acting  ("diffusible")  stimulant  can  scarcely 
be  doubled  in  the  various  forms  of  sudden  circulatory  collapse — syncope, 
exhaustion,    hemorrhage,    traumatic    shock,    snake    venom,    strj'chnin, 
&comtc,  vcratnun  poisoning,  etc.     The  main  clement  in  its  action  is  the 
icflex  stimulation,  increasing  the  pulse  rate,  the  blood  pressure,  and  the 
*'espiration.     The  narcotic  action  is  also  useful;  Lhc  psychic  centers  are 
less  easily  frightened,  and  the  narcotized  medullary  centers  arc  less  sub- 
ject to  dangerous  shock.    The  ."subsequent  vasodilation  is  theoretically 
inadvisable,  but  it  is  not  sufficiently  pronounced  to  have  any  practical 
significance. 

The  reflex  action  being  brief,  alcohol  acts  mainly  as  a  temporary 

^mrrgcncj'  remedy,  to  tide  the  patient  over  the  immediate  dangers.     To 

^^cure  these  reflex  effects,  25  c.c.  of  whiskey  or  brandy  should  be  given 

Kjcdtluted;  and  preferably  hot,  repealed  every  ten  to  fifteen  minutes, 

^.crcordiog  to  effect. 

Other  Diffusible  Stimulants, — A  similar  reflex  srimuhtion  may  be 
*^<^ured  by  ether,  aromatic  oils,  camphor,  or  ammonia.  These  may  be 
»*Jniinistcred  by  mouth  (Spiritus  Aetheris;  Spiritus  Camphors;  Spiritus 
•^-o^monia;  Aromaticus);  or  hy  smelling  (aromatic  ammonia,  smelling 
*aJts^;  or  hypodcrmically  (brandy,  ether,  camphorated  oil). 

0«rdiac  Disease. — The  actions  of  alcohol  arc  scarcely  available  except  for  temporary 
coricXi  tions.  sudi  n-i  acute  mywardiiii  imuj^imfy.  In  fhromc  Ifsians,  small  do&cs  may 
r*  ■^■"aJiiable  10  leisen  the  worries  of  the  patient,  especially  if  he  has  been  accustomed  to 
1^  "-aAci.  The  vasodilator  effect  may  be  useful  in  Ansin*i  Pcdtris,  hut  it  is  inferior  to 
"*^  'iJ  Iritcs.     Alcohol  docs  not  influence  Pulmonary  Hetrwrrhagc  {E.  Frey,  1909). 

TTse  in  Exhausting  Fevers. — (Typhoid,  Pneumonia,  etc).    The  intcllt- 
B^'^*    and  discriminating  employment  of  alcohol  should  be  useful  in  these 
^*J*<litions;  its  iiidibcriminate  use  would  doubtless  do  more  harm  than  good. 
J  "*=     'beneficial  effects  are  probably  mainly  nutrient,  due  to   the  direct 
i<*oii^-caIue  of  Ihe  alcohol,  and  to  the  stimulation  of  the  digestion  and  ab- 
***n>\inn  of  other  foods  (see  below).     This  not  only  conserves  the  general 
t^tr  1  tion  of  the  patient,  but  also  hi<reases  the  otttpttt  of  the  exitauMed  heart. 
'^t  pulse  becomes  stronger  and  more  regular.     The  allercd  distribution 
O*  the  blood  of  the  mildest  degrees  of  alcohol  action  would  also  he  beneficial. 
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The  dilation  of  tJic  cutaneous  vessels  removes  ihe  bluod  from  the  atonic 
and  ihercforc  congested  internal  organs,  and  lessens  the  venous  distention 
of  the  heart.  It  wt>uld  also  lend  lo  lower  the  temperature,  although  the 
antipyretic  effect  Is  but  small.  The  narcotic  action  of  alcohol  is  useful 
by  quieting  the  febrile  excitement,  thus  reducing  the  demands  on  the 
strengtli  of  the  patient. 

On  the  other  hand,  if  the  action  of  the  alcohol  proceeds  to  the  point 
of  inducing  splanchnic  dilation  and  lowering  blood  pressure,  it  will  exag* 
gerate  the  serious  circulatory  abnormalities  of  fever.  Again,  in  the  acute^ 
stimulant  stages  of  the  ''sthenic"  fevers,  alcohol  is  apt  to  increase  the  cir- 
culatory excitement,  and  should  lie  avoided. 

The  efTccls  of  alcohol  must  therefore  be  carefully  watched,  to  secure 
its  stimulant  effects,  wlicn  needed,  while  avoiding  both  the  depressant  and 
excitant  stages.  The  individual  observations  on  each  patient  can  alone- 
guide  its  employment:  The  dpse  may  be  increased  or  maintained  so  lonjc 
as  it  improves  the  prominent  symptoms,  quiets  the  patient,  regulates  and 
strengthens  the  pulse,  and  lowers  the  temperature.  When  it  ceases  to 
have  these  effects — particularly  when  the  pulse  becomes  "excited."  or 
when  the  odor  of  alcohol  remains  on  the  breath — it  should  be  diminished 
or  stopped. 

The  amount  must  be  governed  by  the  pre\'ious  habits  of  the  patient; 
but  astonishingly  large  quantities  can  often  be  given  to  fever  patients 
without  producing  "intoxication"  even  if  ihev  are  unaccustomed  to  its 
use;  the  febrile  organism  probably  oxidizing  the  alcohol  more  rapidly. 

Ordinarilv,  one  may  begin  with  }  2  to  2  tablespoons  of  brandy  in  half 
a  glass  of  milk,  ever)-  three  hours,  increasing  the  frequency  a.s  needed. 

Diuresis. — Dilute  alcohol  beverages  (wine,  and  especially  beer)  in- 
crease the  flow  of  urine;  but  the  effect  is  mainly  that  of  the  excessive  in- 
gestion of  fluid. 

In  man,  Ruphad,  1894,  found  that  a  liter  of  nine  or  beer  Iiad  no  more  effect  than  the 
same  quantity  of  water,  and  less  than  that  of  milk.  John,  iqo8,  found  that  the  a^'rra^ 
quantity  of  urine  in  four  to  six  hour^  after  taking  i'-^  liters  of  water  to  be  i.50oc^.; 
with  I ' ;;  liters  ut  3  per  rent,  aicohul,  he  averaKul  1,800  c.c;  with  ihc  same  quantity  of 
6  per  cent,  alcohol  he  averaged  1,000  c.c.  of  unne.  The  eiTecl  was  relatively  greater  In 
n  case  of  renal  insufliciency  frumhypcrtunus;  in  this  t^jUtcrs  of  water  gave  OBfy63$  e.c 
of  urine,  while  the  -lanie  quantity  of  ,j  per  cent,  alcohol  yielded  i  ,600  c.c. 

Thb  suggests  that  the  Rrcatcr  diuretic  action  may  be  due  to  a  dilator  effect  on  the 
renal  vrasels.  Morc^iver,  alccihol  irritates  the  urinary  passages  (and  i»  therefore  ««»• 
IraindicaUd  incyitUis  uwrf  ii/'f/ftri/ir);  this  may  increase  the  desire  to  micturate,  and  make 
the  diurelir  effect  appear  greater  than  it  realty  i^.  "Gin,"  which  contains  juniper,  has  a 
more  direct  diuretic  effect,  from  the  renal  irritation  produced  by  the  oU.  Dof^s  fall 
to  shuw  more  ihim  the  water- Hi  uresis,  on  the  nriil  aduiini-^tracion  of  any  dosage  ol  alco- 
hol (Januskten'ic/,  191 1).  (Intravenous  injection  would  arrest  the  urine  flow,  &s  do 
other  hypotonic  solutiona.) 

Temperature. — The  ingestion  of  alcohol  causes  a  sensation  of  warmth, 
due  to  the  increased  hlood  flow  lo  the  tcmperature-ncr\'es  of  the  stomach 
and  skin.  This  sensation,  however,  is  deceptive;  for  this  increased 
blood  flow  to  the  surface  and  the  diaphoresis  increase  the  heal  loss,  90 
that  the  internal  temperature  tends  to  fall. 

With  .^mall  dni.e)i,  this  tendency  may  he  overcome  by  the  incresMd  movements  of  the 
palicnl;  but  with  larger  do^^s  the  beat  loss  Ikcoiucs  pronounced  (Pitcher,  iQta],  and  i* 
eKaggenileil  by  the  di-pressant  action  on  the  Ii-niprrature-rcsulaling  centers.  The  fall 
of  lemperalUTc  is  u^pecially  Rrcat  iE  the  external  temperature  u  cold,  mod  also  if  the  bcftl 
di»si|iation  was  pre\-iously  low,  as  in  fevers. 
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Use  of  Alcohol  in  Chills  and  Exposure. — It  is  evident  that  this  would  be 
detrimental  during  exposure  to  cold;  the  temporary  relief  and  feeling  of 
warmth  is  obtained  at  the  expense  of  an  increased  loss  of  heat,  and  con- 
sequently diminished  power  of  resistance.  But  if  taken  after  the  exposure, 
the  dilatation  of  the  cutaneous  vessels  favors  the  absorption  of  external 
heat,  and  also  prevents  the  tendency  to  congestion  of  Internal  organs^ 

■  and  thereby  the  tendency  to  "catch  cold." 
Influence  of  Alcohol  on  Digestion. — This  varies  with  the  quantity  and 
concentration;  with  the  state  of  the  digestive  functions;  with  the  habits 
of  the  individual,  and  probably  also  with  the  flavor  and  extractives  of  ihe 
beverage.  In  general,  moderate  doses  act  as  "condiment"  or  stimulant 
to  digestion.  In  this  the  flavor  and  the  hj^peremia  cooperate  to  increase 
the  appetite,  the  flow  of  digesiivc  juices,  the  movemenis  of  the  stomach, 
and  absorption.    The  action  of  ferments  is  also  accelerated. 

Small  quantities  of  alcohol,  taken  with  meals,  therefore,  tend  to  have  a 
favorable  action  on  digestion.  If  digestion  is  perfectly  normal,  these 
effects  are  quite  superfluous;  the  utiliaation  of  food,  and  the  total  time  of 
digestion,  is  scarcely  influenced  by  these  doses  of  alcohol.  In  pathological 
conditions,  however,  and  perhaps  in  overeating,  the  effects  may  be  bene- 
ficial. The  best  results  would  usually  be  secured  with  wine.  The  alcohol 
should  not  be  taken  in  strength  greater  than  perhaps  20  per  cent:  even 
this  would  be  too  strong  did  it  remain  for  any  length  of  time;  but  it  is 
absorbed  so  rapidly  that  this  strength  would  very  soon  reach  the  favorable 
limit. 

•  Large  quantities  of  alcohol,  however — and  especially  when  in  concen- 
trated form  or  on  the  empty  stomach — produce  an  irritation  which  sur- 
J^asscs  the  physiologic  limit  and  interferes  with  the  functions.  This  is 
seen  most  markedly  in  the  habitual  use,  when  the  inflammatory  changes 
t»ccome  chronic,  and  extend  to  the  portal  system. 

IJunger  ContradioHs, — These  are  inhibited  by  alcohol,  as  by  miny  other  cliemic  and 
mechanic  stimuli  (Carlwn,  1Q13). 

Excised  InUstine  of  Rabbit. — The  movements  tat  mainly  depressed  by  monovalent 
ajcohols;  very  dilute  solutions  produce  a  primacj-  stimulution  (Kuiio,  1914). 

Action  OQ  Fermeats. — Since  alcohol  U  vcty  readily  abfiorbc<l,  and  no  f^eat  amount  of 
>t  reaches  the  intestine,  it  can  only  inducncc  the  ferments  of  the  stomach,  and  its  action 
<»n  pepsin  is  aloni-  of  prartii  nl  interest.  It  is  found  that  in  vitro — ami  there  i^  no  reason 
*o  suppoM:  that  it  acu  any  differendy  intra  tilam — i  to  2  per  cent  of  alcohol  increases 
Ite  rapidity  of  peptic  digestion.  Up  to  i;  per  cent.,  it  causes  no  perceptible  relarda- 
t  ion.  With  IS  to  18  per  cent.,  the  digestion  is  reduced  by  one-fourth  to  one-third. 
"VVilh  20  per  cent-,  the  uigciliou  is  strongly  inhibited  (Chittenden,  Mendel,  and  Jackson, 

Beers  and  winw  have  a  slightly  more  unfavt>rablc  effect  on  account  of  the  extractive 
x«iAttcr  contained  in  them. 

Serretuin  (i/i'o/iTM.--Thc  presence  of  akohoE,  strong  or  dilute,  in  the  moulli  increases 
^'^exly  the  amount  and  the  sttlids  of  the  saliva,  ju^it  a^  do  many  other  sul)*.tances  (acetic 
^Kid,  ether,  etc.).  ThU  increased  secretion  doc-s  not  take  place  if  the  alcohol  is  intro- 
*luced  directly  into  the  stomach  thrnujjh  a  rt>tulaurif  it  is  given  subciiLtneously. 

Secretioa  of  Gastric  Juice. — The  quantity,  the  acidity,  the  absolute  quantity  of  fer- 

licnts,  and  the  total  soliils  (but  not  the  mucus)  are  markedly  increased  (Chittenden, 

^lendcl  and  Jackson,  i8g8;  Chiari,  1915).     The  increase  occurs  also  if  the  local  action 

«>l  the  alcohol  on  the  stomach  is  excluded,  as  in  the  "Pawlow  .itomach"  (Zitowitsch, 

*905);  or  if  the  alcohol  b  placed  into  the  intestine  (Chittenden)  or  rectum  {Kast,  iyo6). 

With  oral  adminLMr-ition,  in  man  as  well  as  in  animals,  the  favorable  effect  obtains 

^»itb  concentrations  up  to  10  per  cent.;  with  10  to  3o  per  cent,,  thu  mucus  ii  increased, 

•js  well  as  the  juice.     Above  ao  per  cent.,  the  mucus  is  further  increased,  hut  the  Mcre- 

tioo  is  det  reased. 

Pancreatic  Juice. — Gizcit,  igo6,  clnimH  that  the  pancreatic  secretion  ts  stimulated 
when  alcohol  is  adminiitterod  by  mouth,  intestine,  01  subcutaneously;  but  only  If  the 
Taoi  are  iolait. 
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The  diiaiion  of  Ikt  cutaneous  vessels  removes  the  blood  from  the  aU 
and  therefore  congested  internal  organs,  and  lessens  the  venous disteni 
of  the  heart.  It  would  also  lend  to  lower  the  temperature,  although 
antipyretic  effect  is  but  small.  The  narcotic  action  of  alcohol  is  ua 
by  quieting  the  febrile  excitement,  thus  reducing  the  demands  on 
strength  of  the  patient.  , 

On  the  other  hand,  if  the  action  of  the  alcohol  proceeds  to  the  p( 
of  inducing  splanchnic  dilation  and  lowering  blood  pressure,  it  will  « 
gerate  the  serious  circulatory  abnormalities  of  fever.  Again,  in  the  ao 
stimulant  stages  of  the  "sthenic"  fevers,  alcohol  is  apt  to  increase  the 
culatory  excitement,  and  should  be  avoided. 

The  effects  of  alcohol  must  therefore  be  carefully  watched,  to  se< 
its  stimulant  effects,  when  needed,  while  avoiding  both  the  depressant  i 
excitant  stages.  The  individual  observations  on  each  patient  can  al 
guide  i(s  employment :  The  dpse  may  be  increased  or  maintained  so  ] 
as  it  improve-s  the  prominent  symptoms,  quiets  the  patient,  regulates; 
strengthens  the  pulse,  and  lowers  the  temperature.  When  it  cease] 
have  these  effects — particularly  when  the  pulse  becomes  "excited," 
when  Che  odor  of  alcohol  remains  on  the  breath — it  should  be  dlminia 
or  stopped. 

The  amount  must  be  governed  by  the  previous  habits  of  the  palii 
but  astonishingly  large  quantities  can  often  be  given  to  fever  pati( 
without  producing  "intcxication''  even  if  they  are  unaccustomed  to 
use;  the  febrile  organism  probably  oxidizing  the  alcohol  more  rapidli 

Ordinarily,  one  may  begin  with  1 2  *<>  2  tablespoons  of  brandy  inl 
a  glass  of  milk,  ever\'  three  hours,  increasing  the  frequency  as  needed. 

Diuresis. — Dilute  alcohol  beverages  (wine,  and  especially  beerl 
crease  the  flow  of  urine;  but  the  effect  is  mainly  that  of  the  cxcessivi 
gestion  of  fluid. 

In  man,  Raphael,  1^04,  found  that  a  Ihrr  of  wine  or  beer  had  no  more  effect  Xi 
ume  quantity  uf  water,  and  Ee&s  than  that  o(  milk.    John,  190S.  found  that  the  i 
quantity  nf  urine  in  (our  to  six  hours  after  taking  it<j  liters  of  water  tu  \k  i.< 
with  I  ^-i  liters  of  3  per  cent,  alcohol,  he  averaged  i^oa  cc;  with  the  same  qua 
6  per  cent,  iilcwiiol  he  avcruRed  2.0C0  ex.  of  urine.    The  effect  was  relatively 
a  case  of  renal  inHufTiciency  from  hypertonus;  in  ihis  1 1-}  liters  of  water  gave  01 
of  urine,  while  the  same  quantity  of  5  per  cent,  alcohol  yielded  i  ,600  cc. 

This  suggests  that  the  grealer  dmrctJc  action  may  be  due  to  a  dilator  e(Te 
renal  vessels.     Moreover,  alcohol  irritates  thi:  urinar)*  passaics  (and  h  thcrci 
truindudled  in  fysiilii  and  urflhrilis);  ihis  may  increase  the  desire  to  mifturale.j 
the  diurcliccffcct  appear  greater  than  it  really  is.     "Gin,"  which  contains  juiu| 
more  direct  diuretic  effect,  from  the  renal  irritation  produce'l  by  the  oil. 
to  show  more  than  the  water-diuresis,  on  the  oral  ad mLnist ration  of  any  dos 
hoi  (Jaouskicwicz,  igii).     (Intravenous  injection  would  arrest  the  urine 
other  hypotonic  solutions.) 

Temperature .^The  ingestion  of  alcohol  causes  a  sensation  oj 
due  to  the  increased  blood  flow  to  the  temperature-ner\'es  of  th/ 
and   skin.    This  sensation,   however,   is  deceptive;   for   thisj 
blood  flow  to  ihe  surface  and  the  diaphoresis  mcrcase  the  h< 
that  the  internal  temperature  tends  to  fall. 

With  smalt  doses,  this  tendency  may  be  overcome  by  the  increased  mo^ 
patient;  but  with  lan(«r  dose*  the  heat  loss  become-'i  pronounced  (Pilrher 
esagKeratcd  by  the  depressant  anion  on  the  ti-mi.Hrrature-reffuUtir*' 
of  lemperaturr  is  esitecially  great  if  the  cKlrrnal  temperature  U  r 
dissipation  was  previously  low,  as  in  fevers. 
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The  dilatian  of  the  cutaneous  \'esscls  removes  the  blood  from  the  atook 
and  ihercfore  congested  internal  organs,  and  lessens  the  venous  distcniioD 
of  the  heart.  It  would  also  tend  lo  lower  the  tempcralurc,  although  the 
antipyretic  effect  is  but  small.  The  narcotic  action  of  alcohol  is  useful 
by  quieting  the  febrile  cxcitemcnL,  thus  reducing  the  demands  on  the 
strength  of  the  patient. 

On  the  other  hand,  if  the  action  of  the  alcohol  proceeds  to  the  point 
of  inducing  splanchnic  dilation  and  lowering  blood  pressure,  it  will  exag- 
gerate the  serious  circulatory  abnormalities  of  fever.  Again,  in  the  acute, 
stimulant  stages  of  the  "sthenic"  fevers,  alcohol  is  apt  to  increase  the  cir- 
culatory excitement,  and  should  be  avoided. 

The  eflccls  of  alcohol  must  therefore  be  carefully  watched,  10  secure 
its  stimulant  effects,  when  needed,  while  avoiding  both  the  depressant  and 
excitant  stages.  The  individual  observations  on  each  patient  can  alone 
guide  its  employment:  The  d^ise  may  be  increased  or  maintained  so  long 
as  it  improves  the  prominent  symptoms,  quiets  the  patient,  regulates  and 
strengthens  the  pulse,  and  lowers  the  temperature.  When  it  ceases  to 
have  these  effects — particularly  when  the  pulse  becomes  "excited,"  or 
when  the  odor  of  alcohol  remains  on  the  breath — it  should  be  diminished 
or  stopped. 

The  amount  must  be  governed  by  the  previous  habits  of  the  patient; 
but  astonishingly  large  quantities  can  often  be  given  to  fever  patients 
without  producing  "intoxication"  even  if  thev  are  unaccustomed  to  its 
use;  the  febrile  organism  probably  oxidizing  the  alcohol  more  rapidly. 

Ordinarily,  one  mav  begin  witii  ^2  Va  2  tablespoons  of  brandy  in  hal^^ 
a  glass  of  milk,  every  three  hours,  increasing  the  frequency  as  needed.      ^H 

DiaresU.— Dilute  alcohol  beverages  (wine,  and  esneciaUy  beer)  11^^ 
crease  the  flow  of  urine;  but  the  effect  is  mainly  that  of  the  excessive  in- 
gestion of  fluid. 

In  man,  Ruphacl,  1894,  found  that  a  liter  of  nine  or  beer  had  no  morv  vQcct  tfaao  tha 
samcquanlity  ol  water,  ami  less  than  ihal  of  milk.     John,  1^08,  foumi  ihat  the  avffa^ 
quantity  of  urine  in  four  to  six  huur^  alter  taking  1 '1^  litem  of  water  to  l>r  i.< 
with  I  '-J  liters  of  3  per  crnt.  alcohol,  he  avcra^rd  i,Soo  c.c;  witli  the  ume  qui 
6  per  cent,  alcohol  he  averaRed  2,000  c.c.  of  urine.     The  effect  was  relatively 
8  case  of  renat  insijflicicucy  from  hypcrtunutt;  in  this  t  ^i  liters  of  water  gBvc  only  6x5  • 
of  urine,  while  the  same  quantity  of  1  percent,  alcohol  yielded  1,600  c.c 

This  -iUKgesls  that  the  greater  diuretic  action  may  be  due  to  s  dilator  effect  on  . 
renal  vesselE.     Moreover,  alcohol  irritates  the  uriDar>'  passages  (and  is  iherrforc  e» 
traiHdicatfd  in  cyslUis  and  urfikrilit);  this  may  increase  the  desire  to  micturate,  and  mok? 
the  diuretic  effect  app^'iir  (greater  than  it  really  is.     "(7ih,"  which  contains  juniiter.  has  a 
more  direct  diuretic  effect,  from  the  renal  irritation  produced  by  the  oil.     boei.  (ait 
to  thow  more  than  the  water -diure&ii.  on  the  oral  a(lniiiii'>1  ration  of  any  dongC  of  ako- 
bol  fjanuitkiewicz,  iQii).    (Intraveaous  injection  would  arrest  the  urine  Aot,^ 
other  hypotonic  solutions.) 

Temperature.— The  ingestion  of  alcohol  causes  a  sensation  of  warmth, 
due  to  the  intreas<.-d  blood  flow  to  the  temperature-nerves  of  the  stomach 
and  skin.  This  sensation,  however,  is  deceptive;  for  this  increased 
blood  flow  to  the  surface  and  the  diaphoresis  increase  the  heat  loss,  so 
that  the  internal  temperature  tends  to  fall. 

With  small  dows,  this  tendency  may  be  overcome  by  the  increased  moveraenis  o(  the 
patient;  but  with  larger  dows  the  heat  loss  becomes  pronounced  iPilcber.  ipiai,  and  i» 
exaRReia'cd  by  the  rieprefUMltJt  action  on  the  tempwature-rp^Iatin?  crnler*.     The  fall 
of  temperature  is  especially  irreat  if  the  eiternal  temperature  15  cold,  and  also  if  ^htJ 
di»Kipation  wa»  prrvlouftly  low,  as  in  fevers. 
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Use  of  Alcohol  in  Chills  and  Exposure. — It  is  evident  that  this  would  be 
detrimental  during  exposure  to  cold;  the  temporary  relief  and  feeling  of 
warmth  is  obtained  at  the  expense  of  an  increa5erl  h>RS  of  heat,  and  con- 
sequently diminishi'd  power  of  resistance.  But  if  taken  aftfr  the  exposure, 
the  dilatation  of  the  cutaneous  vessels  favors  the  absorption  of  external 
heat,  and  also  prevents  the  tendency  to  congestion  of  internal  organs, 

I  and  thereby  the  tendency  to  "catch  cold." 
Influence  of  Alcohol  on  Digestion. — This  varies  with  the  quantity  and 
concentration;  with  the  stale  of  the  digestive  functions;  with  the  habits 
of  the  individual,  and  probably  also  with  the  flavor  and  extractives  of  the 
beverage.  In  general,  moderate  doses  act  as  "condiment"  or  stimulant 
to  digestion.  In  this  the  flavor  and  the  hj'pcremia  C(H>peralc  to  increase 
the  appetite,  the  flow  of  digestive  juices,  tlie  movements  of  the  stomach, 
1^  and  absorption.  The  action  of  ferments  is  also  accelerated. 
^H  Small  quantities  of  alcohol,  taken  with  meals,  therefore,  tend  to  have  a 

^"  favorable  action  on  digestion.  If  digestion  is  perfectly  normal,  these 
effects  are  quite  superfluous;  the  utilization  of  food,  and  the  total  time  of 
digesUon,  is  scarcely  influenced  by  these  doses  of  alcohol.  In  pathological 
conditions,  however,  and  perhaps  in  overeating,  the  effects  may  be  bene- 
ficial. The  best  results  would  usually  be  stcured  with  wine.  The  alcohol 
should  not  be  taken  in  strength  greater  than  perhaps  20  per  cent:  even 
t^his  would  be  too  strong  did  it  remain  for  any  length  of  time;  but  it  is 
absorbed  so  rapidly  thai  this  strength  would  very  soon  reach  the  favorable 
limit. 

Large  quantities  of  alcohol,  however — and  especially  when  in  concen- 
<iTated  form  or  on  the  empty  stomach — produce  an  irritation  which  sur- 
pMisses  the  physiologic  limit  and  interferes  with  the  functions.  This  is 
^ecn  most  markedly  in  the  habitual  use,  when  the  Inflammatory  changes 
l::>ccome  chronic,  and  extend  to  the  portal  system. 

Hungtr  Coniraciions. — These  are  intiiliiCcd  by  altobul,  as  by  :nHiiy  ulher  iliemii"  ami 
■^Kiecbanic  stimuli  (Carl»an,  1013). 

Exc'ned  InJfsh'nc  0/  R'jhbiU — The  movements  are  mainly  depressed  by  monovalent 
T  3cohoU;  ven-  dilute  solutions  produce  a  primar>'  slimulation  (Kuno,  1914). 

Action  oa  Fenneiits.^Since  alcohol  is  very  readily  abaurbcd,  and  no  great  amount  of 
-*  t  reaches  the  inlcsline,  it  can  only  influence  the  ferments  of  the  stomach,  and  its  action 
»-»  pepsin  L»  alone  of  practical  interest.     It  is  found  that  in  vilro — and  there  is  no  reason 
-^3  supptMc  that  it  acts  any  diflercnily  intra  viltim — 1  to  3  [ler  cent,  of  .alroliol  incrmsea 
-  Jlie  rapidity  of  peptic  digeition.     Up  to  15  per  cent.,  it  causes  no  perceptible  retarda- 
£oa.     Willi  IS  to  18  i»er  cent.,  the  digestion  is  reduL'cd  by  one-lourlh  to  one-third. 
^ith  30  per  cent.,  the  JiKcstion  is  strongly  inhibited  (Chittenden,  Mendel,  and  Jackson, 
A>8). 

Beers  and  wines  have  a  slightly  more  unfavorable  cffecl  on  account  of  the  exttacUve 

liter  contained  in  them. 

Secrflion  of  Saliva. — The  presence  of  alcohol,  strong  or  dilute,  in  the  mouth  increases 

*~^?fle\ly  the  amount  and  the  solids  of  the  saliva,  just  as  do  many  olher  substances  (acetic 

^*-«d,  ether,  etc.).     This  incrtrased  secretion  doc*  not  take  place  it  the  alcohol  is  intro- 

^-4  Ticrd  dir«-cdy  into  the  stomach  through  a  fistula  or  il  it  is  given  suhcutancouslj?. 

Secretion  of  Gastric  Juice. — The  quantity,  the  aridity,  the  absolute  quantity  of  fer- 
^^Oents,  and  the  total  solids  (but  not  the  mucun}  are  markedly  increased  (Chittenden, 
^^dcndcl  and  Jackson,  1898;  Cliiari,  1015).     Tlie  increase  occurs  aliw  if  tlie  local  aclioa 
^^»^  the  alcohol  on  the  stomach  is  cscluded,  as  in  the  "Pawlow  stomach"  (Zilowilsch, 
*  ^05);  or  if  the  alcohol  is  placed  into  the  intestine  (Chittenden)  or  rectum  (Kast,  T006). 
lillth  oral  administration,  in  man  as  well  as  in  animals,  the  fuvorabic  effect  obtains 
"^nth  concentrations  up  to  10  per  cent.;  with  to  to  ;o  per  cent.,  the  mucus  is  increased, 
^»  well  .15  the  juice.     ."Vtwvc  20  per  cent,,  the  mucus  is  further  increased,  but  the  secre- 
tion is  (Jecrca.'ied. 

Pancreatic  Juice. — Gizclt,  1906,  claims  that  the  pancreatic  secretion  is  stimulated 
when  aJcohol  ii  adminifitercd  by  mouth,  intestine,  or  subcutaneously;  but  only  If  the 
va^  ore  iittact. 
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BUe. — Solant,  i<jo6,  found  that  alcohol  by  mouth  (but  nnt  iotravenoiuly)  incrcAiM 
the  flow  of  bile  by  50  to  550  per  ccol. ;  the  solids  arc  also  mcrcascd.  Increased  bOe 
sccrctiun  wa:s  coiiLrnu-d  for  larj^t-  do.'ie  by  Okada,  1015. 

Effects  on  Absorption. — Alcohol  itaelf  ih  rapidly  absorbed  (see  below). 

It  also  increases  the  absorption  of  other  substances  under  certain  conditionA  (Rieni- 
Schneider,  Strychnin,  iqoo),  out  not  under  some  olher  conditions  (Ryan,  Stn^chnin, 
i(}i3).  Brequct,  191 3,  found  only  a  slight  effect  on  the  gastric  absorption  of  str>-duun. 
salirv-late  or  iiKlid.  Ts«-hckounow,  1914,  observed  no  increaae  for  saccharoM;,  iodia 
or  KaCI.  Hanzllk  found  the  absorption  of  phenol  and  iodid  diminished  by  ttrong 
alcohol. 

Alcohol  intended  as  antidote  may  therefore  even  increase  the  toxicity  o(  poisona,  if 
both  are  taktrn  by  ibe  stumiich,  and  litis  m  nut  evacuated. 

Use  of  Alcohol  in  Indigestion. — Alcohol,  in  the  form  of  wine  or  diluted 
spiiits,  taken  with  mc-aU,  is  clinically  of  valucin  some  fortns,  and  harm- 
ful in  olhfrs.  The  prt-cise  conditions  have  not  been  sufficiently  defined. 
It  would  be  useful  as  a  "countcrirritant"  in  functional  "colic"  and  gas- 
tralgia,  and  harmful  in  the  presence  of  an  acute  gastritis.  In  chronic 
conditions,  good  results  might  be  expected  in  "adynamic  states,"  where 
the  circulation  or  tone  are  defective — in  the  course  or  convalescence  from 
fevers  or  exhausting  illness,  phthiws,  etc.  It  would  be  harmful  in  h\-pcr- 
acidity,  and  therefore  in  most  '*ner\*ous  dyspepsias."  Certain  wines  be- 
come injurious  on  account  of  their  acidity.  The  tannin,  which  is  present 
particularly  in  red  wines,  may  be  dctrimenlal  to  digestion,  but  valuable  in 
diarrhea.  Brandy  is  also  used  against  diarrhea.  This  probably  rests 
upon  the  beneficial  effects  of  an  increased  circulation. 

Champagne  is  also  used  as  an  atUemctk.  Its  action  in  this  case  depends 
perhaps  more  on  the  carbon  dioxid  and  cold  and  on  the  psychical  effect, 
than  on  the  direct  action  of  the  alcohol. 

The  Absorption  of  Alcohol. — This  occurs  rapidly,  mainly  from  the  small 
intestine,  and  is  practically  independent  of  the  quantity. 

Chittenden,  Mendel  and  Jackson,  1898,  found  that  50  c.c.  of  a  zoperceDt.akobol 
disappear  from  the  Htomacli  of  a  do;;  in  less  than  half  an  hour;  and  vilh  the  duodeoum 
ligated,  200  c.c.  of  a  37  pi-r  cent,  alcohol  are  completely  ahM)rix-d  from  the  stomach  la 
three  to  three  and  a  half  hour*.     Vollmcring,  igi  J,  found  absorption  practically  coiR- 

Itleted  in  an  hour.  Voellz  and  Dietricli,  1915.  found  thi-  absorption  materially  faster 
n  habituated  animals,  but  in  cither  case  practically  completed  in  two  and  one-baU 
hours.  Nemscr,  1907,  investigated  the  relative  riU  of  the  SHCctsstvt  portions  of  the  itt- 
mcntftrj-  tract  in  the  altsorplinn  of  alrohol,  under  normal  conditions  .Administering  ao 
per  cent,  alcohol  to  doj^s  with  l~u<iulx  at  different  Icvelfv,  he  findx  that  the  amount 
absorbed  at  each  level  depends  mninly  ui>on  the  time  during  which  the  llui/l  naturally 
sojoiim.s  at  this  level:  Ver>'  little  of  the  alcohol  is  therefore  absorbed  from  the  mouth; 
about  a  lUth  from  the  stomach;  ver)-  little  from  the  duodenum;  the  greatest  quanti^ 
from  the  jejunum,  and  the  remaining  fifth  from  the  ileum. 

Han/Jik  and  Collins,  1913,  have  studied  the  ahsprption  from  iiUalirtitl  tcupj  in  llvin|; 
animals.  Il  wa&  rather  better  from  the  colon  than  from  the  stomach  or  small  intes- 
tines; the  length  of  the  loop  bad  little  influence;  10  per  cent.  M>luLioa&  were  absorbed 
slightly  better  than  stronger  or  wvaker  cuDcenlratii>n&.  The  intrstinal  wall  retaiDS  a 
certain  amount  of  alcohol  very  5rmty,  thuft  .apparently  .-irresting  its  absorption,  Vodta, 
Baudresel  and  Dicirich.  191;.  found  rather  similar  phenomena  in  tbc  absorpcioa  of 
alcohol  by  the  urinary  bladdtf,  which  ift  fairly  extenMvc  (Nicloui  and  Nowicka,  1913). 

Excretioa  of  AlcohoL — Only  a  very  small  proportion  of  the  ingested 
alcohol  is  excreted  by  the  kidneys  and  lungs,  generally  less  than  2  ixrr  ccnL, 
and  probably  never  more  than  10  per  cent.  (Strassmann,  1S91 ;  Bencdiceotit 
1896).     The  remainder  is  completely  oxidized  in  the  tissues. 

The  proportion  excreted  depends  upon  the  dose  and  other  conditions. 
It  is  greater  if  the  respiration  is  increased  as  by  muscular  work;  or  if 
the  absorption  is  more  rapid,  as  when  the  alcohol  is  taken  on  an  empty 
stomach  (Voeltz,  Daudrexel  and  Dietrich,  iqii,  1912). 
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Chantul  af  Excreiton. — This  occurs  mainly  by  the  kidneys  and  lungs;  a  small  amount 
15  otcTctiMl  aiid  rcabsorbid  from  the  urinary  bladdtr.  Tlie  imlmunary  t-xcrclion  is  fairly 
coiLstant;  that  by  the  uritie  Viiries  between  one  and  one-half  and  13  per  cent.,  depending 
largely  on  the  sojourn  and  reabsorption  in  the  hlaiidcr  (NicLoux  and  Nowicka,  1Q13). 
The  milk  may  contain  a  small  amount  if  large  quantities  are  inRested,  hut  not  with  ordi- 
nary  doses  (Klingomann;  Koldcvvijn,  igio;  Schottmucllcr  and  Schumih,  1912).  The 
maximum  amount  would  be  too  smnll  to  affect  sucklings  (Voclti!  and  I'aechlner,  1913). 
It  Ual«o  excreted  into  the  rffefiro-j^innZ/if/i:/  (aUo  acetone  and  chloroform,  Ilald.  iqii). 
This  has  been  proposed  as  a  test  tor  alcoholic  psychoses  (Sclij;.  iQtj;  V'orkastner  and  ■ 
"Neue,  IQ13,  caution  ajjainst  hasty  contlusions).  It  is  ntit  excreted  in  the  sweat  or  feces 
(sUght  traces  byintestina.!  loops.  Hanztik  and  Collins,  IQ13). 

The  excretions  rJo  not  rontalii  an  apprerinbl^^  amount  of  acetone  or  other  interme- 
diate decomposition  products  fMasin^,  1854). 

Percentage  of  Alcohol  hi  Blood. — Accordinfi  to  the  old  work  of  Schulinug,  1866.  the 
t_*Ioocl  is  said  to  contain  0.12  jter  cent,  in  Che  stage  of  slight  confusion,  and  0.73  percent, 
in  deep  narcosis. 

According  to  Widmark,  1915,  the  concenlralton,  in  man,  is  about  the  same  in  the 
Lblnod  and  urine.    U  i*  not  .iffcctcd  by  the  concentration  in  which  the  alcohol  is  admin- 
istered, but  it  i?  higher  if  the  alcohol  is  taken  failing  than  after  meals. 

distance  of  Alcohol  in  Normal  Tissues. — .-\  triflinj^  quantity  of  alcohol  appears  to  be 

g reduced  in  the  tissues  in  the  courm;  of  normal  metabolis^m.     Its  presence  was  claimed 
y  W.  H.  Ford,  iS;i,  ami  confirme*!  qualitatively  by  l-and^sberft,  igo4.     Reach,  igo?, 
~  that  fresh  rabbit's  muscle  contains  to  0.0017  per  cent,  of  akuhol;  the  liver  may 

contain  0.02  to  0.14  per  cent.  VoelCz  and  Dietrich,  iQij,  recovered  a  total  of  about 
o.  T  c.c.  from  normal  do(?s.  Dakin  bcUcved  that  this  "  normal "  alcohol  i»  not  formed  in 
t,  lie  tissues,  hut  by  intestinal  fermentation;  but  Taylor,  igiJ,  £nils  it  even  after  th« 
«-«moval  of  the  entire  digestive  tract.  Schweishcimcr,  IQ13,  claims  that  normal  human 
blood  contains  aliout  0,03  per  rent,  of  alcnhnl.  In  druKkards,  the  concentration  may 
vue  to  3, VJ  percent.;  hut  aiier  the  inRcstion  of  alcohol  thecxce.«  disappears  more  rapidly 
^rom  the  blood  of  drunkards  liiiin  from  non-habitualcd  indivirluals. 

Distribution  of  lo^sted  Alcohol  in  Tissues. — Volimeriog,  irjii.  found  th.it  soon 
a«.  Iter  absorption  the  ratio  was  b]o(xi>liver>  muscle > brain.  Later,  the  brain  contained 
C  ^  most.  Fatty  tissue  was  slow  to  take  it  up,  but  retained  it  longer.  Vueltz  and  Dte- 
«.  »Tch,  iqii,  found  3  to  12  per  cent,  stilt  present  in  the  body  (ilteen  hours  after  dofies  of 
:^  c.c.  per  kiloffram;  a  to  4  per  cent,  had  been  excreted  by  the  respiration.  0.4  to  4  per 
«=^nt.  by  the  urine,  and  90  per  cent,  had  been  oxidized.  Messner,  1013,  could  not 
■:S.«monstrate  destruction  of  alcohoL  by  emulsions  of  tissues,  or  by  blood  in  vilrc. 

The  Fate  of  Alcohol  in  the  Tissues;  Effect  ott  Metabolism. — Over  98 
E:^«r  cent,  of  the  ingested  alcohol  disappears  in  the  body,  being  completely 
c^jcidized  to  carbon  dioxid  and  water  {Atwatcr  and  Benedict,  1902); 
P^»  robably  with  acetic  acid  as  an  intermediate  stage.  By  the  chemical 
^  *iergy  thus  liberated  (about  7  calories  for  i  Gm.  of  alcohol,  or  4  calorie* 
f^iDr  I  c.c.  of  whiskey)  alcohol  can  perfectly  replace  carbohydrates  and  fats  in 
t  lie  diet,  and  w  a  tyfyjcal  non-tiilrn^cnous  food.  It  is  even  superior  to  most 
'^~^  thcr  foods  in  one  particular,  viz.,  in  that  it  does  not  require  digestion. 
^^y  its  poisonous  side  actions,  however,  it  may  at  first  cause  an  increased 
*"*.  itrogen  excretion  in  individuals  not  accustomed  to  its  use;  but  this  action 
^^^  isappears  in  a  few  days,  and  it  then  saves  nitrogen  Jike  any  other  food. 

When  added  to  an  ordinary  diet,  the  COi  excretion  and  the  output  of  heat  are  not 
ttchally^  changed.  The  alcohol  thccdorc  saves  the  other  constituents  of  the  diet  from 
-^composition,  and  the  body  shows  a  corresponding  gain  in  weiglit.  tf  it  is  added  to  a 
Liet  dehcieot  in  carbohydrates  or  fats,  the  metabohsm  is  the  .same  as  if  an  isodynamic 
■^^  uantity  of  these  fcnxls  were  added.  It  snares  carbohydrates  in  man  even  when  large 
'^^^KMunts  of  sugar  are  supplied  (Toef^l  anci  couYtrkers,  1913).  It  c.'tn  he  u^erl  up  in  mu^- 
^^»dar  work  (Kricgcr,  1913).  In  dogs  receiving  2  c.c.  of  alcohol  per  kiIoj;ram,  this  5up- 
"*^lie»  about  40  per  cent,  of  the  energy  (Voeltz  and  Dietrich,  [ijis)-  (The  literature  of 
^%u»  subject  i*  summarired  by  Rosemann,  igor,  Piluegcr's  .\ichiv,  86:307). 

By  ol>serving  the  respimtory  quotient,  HiK^ins,  1916,  showed  that  in  man,  with 
^oMs  of  30  c.c.  of  alcohol,  appreciable  quantities  bcpin  to  be  burned  in  five  to  eleven 
*TvnutesaJrter  administration.  Sucrose,  lactose  andlcvulosc  gave  similar  results:  whero- 
^4  i^ucoae  and  maltose  began  to  be  oxidized  only  after  twenty  to  thirty  minutes. 
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The  oxtdauon  ol  alcohol  is  completed  ruthvr  slowly;  with  ?  c.c.  per  kilogram,  ifc. 
rcqiiireft  about  ciRhlcen  hours  (VticUz  and  Dietrich,  1915).  It  i*  not  materially  faslec* 
in  Kabitunted  individuaU.  sa  (!l;Lim«i  by  Prinfr^heim.  1908.  It  is  said  to  be  hastened  by- 
fever.  Increase  of  external  temperature  is  said  to  lessen  its  oxidation  and  to  promote  its. 
excrelioD  (thus  96  per  cent,  oxidized  at  1 6°C.;  93  per  cent  at  36";  Vodu  and  Baudmd, 

1913)- 

Effect  on  Nitrogen  Metabolism. —  Mendel  and  Ilildildi,  1910^  have  investigated 

the  effetts  of  moderate  quantities  on  man  and  dogs.  Cmng^  in  man,  {quantities  cone- 
spK)ndiiig  to  q6  c.c.  of  95  ptrr  cent,  alcohol  (  —  500  calories), divided  into  six  dose»perday, 
with  constant  riit-t,  they  found  no  pronounced  disturbance  in  the  alimentary  utilleatioa 
of  food  These  doses  spared  protein;  the  partition  of  the  urinary  nitrogrn  was  an- 
changed,  rvccpl  that  llie  purin  exrrclion,  noth  endogenous  and  exogenous,  was  !■- 
created.  Larger  dose:«  caused  a  loss  of  nitrogen  and  a  relative  increase  of  urinar>- 
unmonia. 

StL-hle,  iQij,  found  no  increase  in  the  excretion  of  endogenous  uric  acU.  Wntrr- 
stcin,  1914,  claims  that  akohol  increases  the  gas-metabolism  of  the  spinal  cord  of  pigs. 

Subacute  Alcoholic  Intoxication.— Salant  and  Hinkcl.  1910.  found  that  this  caused. 
In  well-fed  dog^,  a  moderalf  tiiminiition  of  ihe  toLil  urinary  nitrogen  and  sulphur;  a 
much  sreater  decrease  of  the  inorganic  sulphates  and  phosphates;  a  tendency  to  rrtrn- 
tion  ofchlorids:  n  diminution  of  indican;  and  increase  of  neutral  and  ethereal  sulphur. 

FOOD-VALUE  OF  ALCOHOL 

Whilst,  there  can  be  no  doubt  that  alcohol  is  ati  excellent  food,  in  the 
sense  of  being  a  source  of  energy,  other  factors  must  be  taken  into  consider- 
ation. The  increased  nutrition  may  itself  Ire  detrimental  to  the  body, 
cither  by  preventing  the  complete  combustion  of  metaboUles  (which  may 
possibly  be  connected  with  the  origin  of  gout),  or  by  leading  to  an  abnor- 
mal deposition  of  fat.  A  still  more  potent  objection  to  considering  alco- 
hol as  a  generally  useful  food  lies  in  its  toxic  action,  especially  its  psychical 
effects.  Alcohol  should  therefore  be  employed  as  a  food  only  when  a  suffi- 
cient supply  of  energy  can  not  be  obtained  from  an  ordinary  diet;  as,  for 
instance,  in  digestive  disturbances,  or  when  the  demands  on  the  organism 
are  unusually  large,  as  in  fever. 

The  proverbial  nbrjuUy  of  persons  addicted  to  the  overuse  of  weak  alcoholic  liquidK 
(in  which  the  nutrient  effect  is  less  obscured  by  the  toxic  actions),  is  a  striking  UJustra- 
tion  that  too  good  a  nutrition  is  not  necessarily  bcueficial.  That  alcohol  lessens  tie 
oxidation  of  metabolite:!  is  shown  by  an  ittireased  excretwn  of  uric  acid  and  ammonia 
nttrttgen  at  the  expense  of  urea  (Paton  and  Eason,  1901;  Mendel  and  Hilditch,  191a). 
This  points  to  a  moililication  nf  the  functions  of  Ihe  liver. 

Excessive  doses  of  ulcuhol  arc  always  detrimental  to  nutrition,  lessening  both  asaim- 
ilaliun  and  disassimilation.     The  etfects  rcscmhlc  tho^e  of  the  anesthetics. 

Alcohol  in  Diabetes  Mellitus. — .Mcohol  may  be  expected  to  act  favorably  as  an 
easily  diRestihlc  food,  supplying  the  ptace  of  the  sugar,  and  diminishing  the  cxceaoive 
draft  on  proteins,  and  thus  lessening  the  risk  of  acidosis.  This  expectation  haa  l>eeii 
verified:  Benedict  and  KfJrOk,  1906,  found  tiiat  the  replacement  01  50  to  ^o  tim.  ti 
food'fat  by  isod)'namic  quantities  of  alcohol  lessened  tiie  excretion  of  sugar,  acetone, 
and  nitrogen.  O.  N'cubaucr,  1906,  also  rqiorts  it  as  useful.  On  the  other  bundt  Hig- 
gins,  Peabo<ly  and  Filz,  igifi,  found  that  alcohol  did  not  pre\xnt  addosLs  in  rvonnal 
persons  on  carbohydrate- free  diet. 

Excessive  quantities,  however,  can  not  be  expected  to  exert  this 
favorable  action,  since  the  toxic  effects  will  predominate.  Salant,  1906, 
fed  rabbits  on  alcohol  alone,  and  found  no  increase  of  hepatic  glycogen; 
nor  did  large  doses  retard  the  disappearance  of  stored  glycogen. 

Use  of  Alcohol  in  Convalescence  and  Debility  as  an  "Analeptic," 
"Restorative"  or"Stimidant" — The  value  of  alcohol  in  these  conditions 
is  supported  by  long  experience.  Its  action  must  be  quite  complicated. 
In  the  absence  of  organic  lesions  a  great  deal  may  be  expected  from  im- 
proving the  symptoms.     This,  like  nurwng  and  hygiene,  increases  the  com- 


ALCOHOL 


553 


iort  and  well-being  of  the  patienl,  and  starts  him  on  the  way  to  improve- 
ment. Alcohol  meets  these  indications  in  an  excellent  manner:  The 
feehng  of  well-being  caused  by  it,  the  sense  of  capability,  the  removal  of 
worn*,  the  enjoyment  in  the  act  of  taking  it,  the  rest  and  sleep  induced 
b^*  its  narcotic  action,  its  food-value  and  its  beneficial  effects  upon  diges- 
tion, all  concur  in  its  action.  To  this  may  be  added  its  s-Iighi  but  certain 
«ffects  upon  the  vascular  system — the  altered  distribution  of  blood,  the 
diminished  re-sistance  to  the  heart — which  may  be  of  benefit  in  some  cases. 
Tor  these  purposes,  the  alcohol  should  be  taken  well-diluted,  as  light 
■wines  or  beers. 

Use  at  Alcohol  in  Depressed  Psychical  States. — CH_\*pochondria,  Mel- 
ancholia, Neuralgia,  and  other  ubsturc  ncr\'aus  diseases.)  This  relieves 
thu  patient,  by  its  mild  narcotic  and  cuphoristic  action — but  the  temporary 
j-clief  is  generally  obtained  at  the  expense  of  a  permanent  alcohol  habit, 
^nd  is  therefore  not  to  be  advised. 

Use  of  Alcohol  as  a  Hypnotic. — Alcohol,  especially  in  the  form  of  beer, 

t^kcn  at  night  and  in  the  absence  of  excitement,  is  a  fairly  efficient  hjp- 

rxatic,  producing  less  derangement  than  most  other  hypnotics;  but  its  useful- 

xacsst  is  limited  by  the  danger  of  chronic  alcoholism.     The  hv'pnotic  dosage 

oorresponda  to  45  to  Ao  Gm.  of  alcohol. 

CONTRAINDICATIONS  TO  ALCOHOL 

These  may  be  briefly  resummarized  as:  Danger  of  habit;  states  of 
«^3cc^itement;  sihenic  stage  of  fevers;  irritation  of  the  alimentary  or  genito- 
»*Jix»ary  tract. 

ACUTE  ALCOHOL  POISONING 

"^Ith  excessive  doses,  the  "stimulant  stage"  passes  progressively  into 

*J*^   narcctic,  anesthetic,  and  paralytic  stages.    The  narcotic  stage  may  be 

*^-*<i  to  exist  when  the  symptoms  of  lessened  psychic  activity  assume  prorai- 

**^x^<e.     Sensaii&n  and  motion  become  impaired.    Speech  is  thick  and  mut- 

~  ng,  the  gait  uncertain,  the  special  senses  are  blunted.     Drowsiness 

in.    The  face,  which  was  Hushed,  may  become  pale.    Vomiting  occurs. 

Consciousness  and  sensation  and  muscular  tone  are  gradually  lost 

ipletely.     This  constitutes  the  anesthetic  stage. 

Jn  the  paralytic  stage  proper,  the  syntptoiHs  are  those  of  beginning 

* ^<:^itllary  paralysis:  The  respiraiian  is  slow  and  stertorous;  the  pulse 

»-cely  discernible.     Skin  cold  and  cyanotic.     Pupils  generally  dilated. 

^l/^T/xtfj  abolished.     The  temperature  falls  severely.     The  odor  of   the 

"*^^»th  is.  diagnostic. 

^  JX  ver>'  U^e  doses  have  been  taken  on  an  empty  stomach,  these  para- 
ijc  symptoms  may  set  in  at  once. 

X:>Mth  is  relatively  rare.     It  may  occur  within  half  an  hour,  or  the  coma  may  grow 

F->cr  a.n(t  terminate  in  parab-^iit  of  the  tcspiration  or  of  the  heart,  or  in  pulmonary 

~  *^ria;  generally  nithiii  Iwrnly-fuuT  hours.     If  the  coma  lasts  beyond  ihirlcrn  hours, 

"x'cry  18  exceptional.     IJcatn  may  al.w  occur  later,  cither  from  prolonscd  coma;  or 

f  a  protractet)  debauch,  &»  the  result  uf  ;;ustnc  irritatiua  and  debilitation. 

_  "Xlie  acute  fatal  dose  is  probably  viirialjlt-.     In  analugy  with  animals,  it  would  re- 

!**■«  about  a  pint  of  whisky;  and  cases  of  death  from  such  quantities  arc  recorded. 

'wwn). 

^tecovery. — The  coma— if  the  intoxication  has  progressed  so  far — 

,^ses  into  natural   sleep,  often    with   sweating.     On   awakening  there 

^*lows  a  series  of  symptoms  pointing  mainly  to  acute  gastric  catarrh,  and 
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perhaps  to  functional  neuritis;  and  grouped  by  ihc  Germans  under  ihi 
name  of  "Katzenjammer":  headache,  coated  tongue,  loss  of  appeliic.  irn 
table  stomach,  diarrhea,  muscular  pains,  etc.    These  show  curious  and 
explained  peculiarities  for  the  various  alcoholic  liquids. 

The  ikia,  after  severe  alcoholic  polsoaing,  may  shaw  effects  resembliag  those 
contusions  or  btirns:  edcrau.  blisters,  extnvsaation  of  blood,  and  gangmie.     Dedsun 
ore  espcdaUy  common.     TbMc  cfiects  may  perhaps  be  due  to  iojury  to  tbe  capiU 
or  ncuritea. 


The  treatment  of  acute  alcoholism  conMsts  in  evacuation  of  the  storm 
ach  preferably  by  apomorphin.  which  acts  also  as  a  hypnotic;  and  ih*M^  S   it 
administralion    of    stimulants,   cafTein   or  str^'chnin.     The    subscquen  <-»  ^  an 
headache   and    nervousness  are  met  by  bromids  and  cafTein.     Sodiunrx&.r. 
bicarbonate  lessens  the  gaslritla. 


THE  ANTAGOmSM  OF  ALCOHOL  AND  CAFFEOT 


i 


Thifl  lias  been  sttidieil  by  PUcber,  191 3,  on  cats.  Tlie  combiaation  of  small  doses 
alcohol  ami  caCEein  result  in  an  antagonistic  effect,  but  the  combioatioa  o(  laiscr  ()iiiill.t  ■■  *tmII 
fatal)  doses  reiuU>  in  greater  ik-prtrviiua  and  greater  fatality  than  if  eiLbrx  drug  wer»  -m  i«»H 
used  alone-  The  nrdinar^'  (\(»ef.  of  cafTein  woulr)  lenrl  Mimi-what  lo  dectease  thr  b^m ^^x.^'M rau 
C09b  and  hasten  the  recovery  from  severe,  but  not  fatal  alcohol  poisoning.  VTiOi  iitimS 
doM^i  of  alcohol  ortlinary  do«es  of  cafTein  vrould  have  no  effect,  and  larger  dow«  iroiiKXc 
be  detrimental. 


THE  HABITUAL  BUT  MODERATE  USE  OP  ALCOHOL 


1 


It  may  be  considered  as  probable — some  auihorilies  to  the  contrary  »oftii'/AA*^«*itt 
standtHfi — that  a  certain  amount  oj  akvbol  {variable  in  indivitiual  foscs)  wa  x>-»*w<r 
be  laken  daily  mtkout  any  demonstrable  permanently  injurious  e£tci.    Bucr  ^3Bu 
it  stands  equally  certain  that  it  is  as  dispensable  to  the  organism  as  nice:*: 
tin  or  caffetn,  and  that  it  must  be  looked  upon  purely  as  a  luxury.    Th«Jt' 
injury  done  by  such  use  of  alcohol  lies  chiefly  iu  the  fact  that  it  is  so  apc^- 
to  lead  to  the  use  of  immoderate  amounts. 


Lessened  Resistance. — Perhaps  the  only  positive  evidertce  of  injmy  fram 
doses  of  iUcuhul  is  in  this  dircctioo:  Hunt,  IQ07,  found  that  the  loof-continued  admiai 
Iralion  of  small  qiuintities  of  alcohol  to  mice  or  guinea  pigs  incrcAMs  their  ftujctrptibiS' 
to  the  fatal  action  of  acetonilnli.    This  is  attributed  to  a  derangement  of  metiboUs 
vrhicti  h.-u>trns  the  dei'oniposition  of  the  noii'toxic  nilrile  into  the  cyanid.     It  is  oc^ 
produced  by  methyl  alcohol,  chloral,  etc    Laitincr,  igo?,  also  claims  that  ver^'  frnt^^ 
doses  (0,1  c.c.  per  lulogram.  daily)  suffice  to  render  the  erythrocytes  less  rcstvtanl  ' -*__^j- 
hemolysis;  and  also  les.sen  the  resistance  lo  infectious  diseases.     lie  asserts  that  ihi^^^^™* 
lessened  vitality  h  transmitted  to  the  oBspriDg.  -^dtw 

Mueller,  1Q04.  Wirgin,  loos,  and  others  have  found  that  iheformMtcu  0/ tMJMit-^^'^ 
ii  Ifssened,  U  rabbits  are  kept  mildly  intoxicated  for  several  da>"s  after  llie  lojection  ~~   "" 
aa  untigcn. 

For  human  sulijecu,  Reich.  1Q15.  also  claims  diminished  renstance  of  cr 
to  hypotonic  solutions,  and  slij^ht  decrtu^M;  of  the  bactericidal  acUon  of  tenini 
tv-phoid  bacilli.    The  eilecUt,  however,  varied  greatly,  so  that  It  Is  difficult  to  esttmal 
their  importance.     Phagocytosis  was  not  affected. 

CHROmC  ALCOHOLISM 

The  excessive  habitual  use  of  alcohol  leads  to  effects  which  may  be 
grouped  together  under  the  name  of  chronic  alcoholism,  and  which  depend 
in  part  upon  the  irritant  action  of  the  alcohol,  in  part  upon  specific  iDJuiy 
to  the  neurons. 

Gastro-intestiiial  IrritBtioii. — The  first  elTccls  are  local,  and  depend 
largely  upon  the  conccntratioa  oC  the  spirits.    Thty  consist  of  a  catarrh 
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of  the  whole  alimcntar}'  canal,  progressing  from  the  pharynx  downward. 
They  arc  characterized  by  the  usual  symptoms  of  catarrhal  gastroenlerilis: 
loss  of  appetite,  gastric  distress,  irregularity  of  stools,  craving  for  spices, 
etc.  The  chronic  catarrh  leads  to  malnutrition  and  emaciation  when 
strong  spirits  are  used.  It  also  appears  to  constitute  a  predisposing  factor 
lo  carcinoma  of  these  organs.  In  tlie  case  of  excessive  beer-drinking  the 
habitual  overdistention  of  the  stomach  leads  to  chronic  dilatation. 

Degenerative  Changes  in  Internal  Organs. — The  continued  presence 
ot  alcuhul  in  the  body  sets  up  a  scries  of  irritant  and  degt-nerative  phe- 
xiomena  in  various  other  organs  with  which  it  comes  inlo  contact.  These 
changes  consist  in  fatty  inftUrations,  cellular  degenerations,  and  h>'per- 
Irophy  of  connective  tissue. 

The  necrotic  chsnf^es  in  the  ti«iu«  cells  muRl  be  attributed  to  the  continued  irrit&tian 
fmm  the  constant  presence  of  the  alcohol;  nnd  to  this  must  be  added  the  laterfcrcncc 
■wlh  firruLiiion  due  to  the  changes  which  alcohol  cxuses  in  ihc  bluod  vessels.  These 
X.  wo — the  direct  irritajit  action  o£  alcohol  on  the  cells,  and  the  impaired  circulation — 
OJ?  inseparably  connected  in.  the  prod Jction  of  the  di-gentTulions.  Of  these,  the  fatty 
»Jt  the  most  common,  since  alcohol^  by  its  combustion,  pre^'cnt.i  the  normal  consump- 
tion of  fat.  Connective-tissue  foimation  results  as  the  ordinarj-  consequence  ot  nccro- 
»i*  of  the  parcnch>'ma. 

These  changes  are  proportional  to  the  concentration  of  the  alcohol.     Since  this  is 

niturallv  greatest  in  the  liver,  kidney*  and  blood  veswU,  these  orjian*  show  the  action 

first  ana  most  prominently.     In  the  liver,  a^ain,  the  periphery  of  the  lobules  is  mainly 

•iTccted.  on  account  of  the  anatomic  rt-Ialiun  to  the  purtui  vein.     Chronic  alcoholism 

is  probably  the  most  common,  cause  oE  hipclic  cirrhosis  (perhaps  half  the  cases;  but  only 

S  or  6  per  cent,  of  the  alcoholiM  Jcvelop  cirrhosis;  Baumgartcn,  190S). 

Ucpatic  cirrhosis,  preceded  by  defeneration  of  the  Uvcr-cclls,  can  be  produced  cx- 
I**'rimen(ully  in  animal?  fA.  L.  Crovcr,  1916,  literature).     It  b  claimed  tluit  the  de- 
ye«»cration  can  be  avoided  by  the  administration  of  cane  sugar  (L.  IlillJ. 
,  ^'ext  in  p<»nl  of  time  corner  the  action  on  the  blood  vessels.     This  is  of  especial 

"•"IXif  t,  since  it  CMntributes  materially  to  the  dcgcncnitions  in  other  organs.  The  princi- 
f*^-'  crhange*  arc  in  the  inlima;  there  arc  fatty  degenerations,  loss  of  elasticity  and  ather- 
^•*^3*^'    These  may  lead  to  ruptures  (apoplexy,  etc.). 

ITie  degenerative  changes  in  the  kicfncys  lea«l  to  nephritis,  with  cirrhosU,  olbumi- 
^J^-"  ""Sa,  diminished  accretion  of  urine,  sccondarj-  weakening  of  the  heart,  etc.  The  heart 
.--^'?*;lf,  however,  in  common  with  skeletal  musdc,  showa  primary  fatt^  degeneration. 
_~_***5s,  together  with  the  atheroma,  etc..  leads  to  hypertrophy  and  dilatation  of  the 
I  *^>^r^u*,  and  later  to  dropsies,  etc.  The  heart  rale  is  generally  ranid.  The  fatty  changes 
^"^  'v-oluniar^'  muscle  lead  to  muscular  debility,  especially  in  beer-drinkers,  in  whom 
''^  is  mote  material  for  fat  formation.  Gout  is  a  common  sequeru.'c  of  moderate 
'*^<»I^i)lifim. 

'X'be  respiruton'  organs  show  a  chronic  catarrhal  inflammation,  of  the  passages,  and 

^disposition  to  fatal  pneumonia.     Changes  in  the  skin — vascular  ccchymoscs,  acne 

i><:eftf  di^Mjsition  to  furuncles  and  carbuncles — may  be  counted  among  the  tarlier 

CMIS. 

-^Lxptrimemlal  ckronic  ctcoholism,  in  rabbitt,  produced  fatty  changes  in  the  heart, 

and  kidneysi,  and  ccHuLir  inftllratioo  of  the  pi)i  ^Lis^aucr,  1913).     H(.'paUc  changes 

X  alio  on  intravenous  injection  (Schafir,  igijj.     In  the  heart.  Otto,  1314,  found 

^^^  ^^  aerations  of  gangboii  celU,  atrophy  of  muscle,  and  scar  tissue.    Lart^c  single  doses 

*    ^^-«.  per  kilogram)  may  also  cause  changes.     Single  small  doses  do  not  Icive  any  lesions 

•    Otto,  1914). 
^       "X'hesc  various  anatomic  lesions  of  Important  organs  result  in  a  pronounced  lowering 
—     *^lie  "powers  of  resi«t,iiice,"  and  a  high  mortality  with  infectious  disi-ase-*,  operaliona, 

C^"^^-       It  appears  that  the  amount  of  antitoxic  complement  is  lessened. 
XTervous  Phenomena. — -These  differ  from  the  preceding  in  that  they 
•"^^    partly  functional. 
_       Ten  to  30  per  cent,  of  the  cases  of  insanity  are  attributed  directly  to 
**^c>hoUsm;  but  Heron,  1912,  found  the  proportion  of  mental  defects  as 
^^^Vl  A>  •  icsolt  ot  an  ext(>n*ive  iturjy  of  aulapty  mal^*!,  Cabot,  1904.  (liMcn«s  with  the  com- 
■*  spiaiaa  Uwt  atcohuliitn  U  ■  catu«  irf  arterioKlcro«ia. 
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high  in  the  recent,  as  in  old  cases  of  alcoholism.  Epilepsy,  which  is  a 
hereditan-  nervous  disease,  is  70  times  as  frequent  in  alcoholics  as  in 
the  general  population.  These  facts  indicate  that  atcohoHsin  is  the 
effect,  rather  than  the  cause,  of  mental  degeneration. 

On  the  part  of  the  motor  system  there  arc  tremors  and  later  convrU- 
»ons  and  paral3^es,  the  latter  partly  the  result  of  peripheral  neurites. 

It  h  difficult  to  exaggerate  the  importance  of  habit  and  repeated  imprcsftions  aa  tba 
psychic  activities.     The  constant  repetition  of  the  features  of  alcohoUc  excess  coald 
not  but  produce  in  tliis  miinner  a  ix-rmancrt  moral  defirnrralinn.     But  ajjusocialetl  with ' 
this  functional  feature  are  marker!  anatomic  changes,  due  to  the  ^me  cauMS  as  unular  I 
changes  in  other  organs;  and,  lastly,  it  must  be  rcmicmbcrcd  that  alcohol  has  a  specifier 
actiuTi  on  the  ncn-e  crlls. 

Among  the  an.itnmic  lesion.%  which  have  been  ob-vrved  arc:  Chronic  meftio^tii 
mth  thickening;  sierous  eflusiona  into  %'cntricles;  softening;  tendency  to  hemorrhaga 
and  npopU-sy.  Histologically,  shrinkage  and  alterations  in  the  staining  propertie»  of 
the  cells  (I'^ig.  aO  ■"■^  changes  in  the  dendritic  proccsaes  have  been  averred. 

Clinically,  the  first  effects  arc  shown  by  dimloii^ed  activity  of  the  tndividusL 
This  occurs  even  iv-ith  vcr>'  moderate  doses.  (Nice,  1913,  found  the  activity  of  white 
mice,  as  recorded  by  a  revolving  ca^c,  to  be  reduced  by  one-fourth  through  chronic 

alcoholism.}     I^tcr  there  ik-  a  dimmished  acumen  of  the  special  ■ven.'ieii  and  of  uie  reaMW-- 

i(ig  powers,  leitdlng,  the  former  to  disturbances  of  vision,  the  latter  to  degeoency  inilg  ^^^ 
dementia,  often  suicidal.  It  is  a  notL-wurlhy  fact  tluit  by  far  the  greater  pmprmtftf^-^^  ^ 
of  inmates  of  insane  asylums  and  prisons  were  addicted  to  the  exces&ive  use  of  alcohol.  ^»->-j 

Children  of  AlcohoUc  Parents. — The  influence  of  alcoholism  of  th^  mriit 
parents  on  their  offspring  is  still  an  unsolved  problem,  the  data  as  wcT  jv-^jj 
as  uplnions  being  so  contradictory  that  no  definite  conclusions  can  b^.^  -^ 
drawn.  ■ 

Miss  Eldc»ton  and  Karl  Pearson,  toio,  in  a  statistical  study  covering  3,600 
childrtn,  could  find  no  real  evidence  of  either  physucal  or  mental  deterioration  (d 
rale,  mean  weight  and  height,  general  health,  mental  and  visual  defects).     They  coi 
dude  that  the  danger  of  alcoholic  parents  tics  in  the  transmission  of  the  bereditaJ)' 
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fects  which  caused  the  pnrtntal  alcoholism.     At  the  other  extreme,  von  Bunge,  "K*        \i 
claims  that  chronic  aUohoHsm  on  Ike  p-.irl  of  Ike  father  renders  the  daughter  incapable  or 

eOicienl  laxlalion,  and  that  this  inoipiicity,  as  well  .is  a  tendency  to  tuberculoeis  and 
caries  of  the  teet]i  is  iTan<.mitted  to  subsequent  generations.     But  if  this  dangct 
really  as  great  as  it  is  pointed,  it  is  dilCcult  to  account  for  the  comparative  vigor 
populations  among  whnm  chronic  alcoholism  has  been  fairly  common  for  many 
turies,  or  for  the  fact  that  some  mothers  still  nurse  their  children. 

Bc^rtholet,  1909,  6nds  that  the  testicles  of  chronic  alcoholics  grncrally  show  atmp 
of  the  parenchjina,   and    increase  of  intentitial  tiitsue,  with  corresponding  decri 
and  ubnormalilin  of  the  sprrnMiosoa.    Thi»  would  lead  to  more  or  less  impote: 
Ivanow,  igij,  reports  that  the  addition  of  a  per  cent   alcohol  in  vitro  has  practlca. 
no  cdect  on  the  motility  of  spcrmatoeoa;  12  per  cent,  has  Utile  effect;  with  15  P«'  t^ 
there  is  marked  impnirnn-nt.     Contact  for  thirty  minutes  with  10  per  ccnU  alcohol  <f 
not  hinder  their  fertilizing  action,  and  the  fcti  arc  normal.     Stockard,  iQii,  finds  t 
chronic  alcnhcilism,  induced  in  guinea  pij^s,  i-Jlhcr  parent,  tlimini'ihcs  fertility  and  cau- 
most  of  the  cmbrj-os  to  die  before  or  Hhortlv  after  birth.     The  off.'ipring  is  often  deT 
tive,  snmetinies  nith  gross  deformities.    This  degeneration  Is  transmitted  for  at  ' 
three  generations;  in  fact,  It  rather  increases  (1914).     Stockard  also  found  (iQOg) 
alcohol  and  other  anesthetics  cause  various  morphologic  defects  in  fish  cmbr^-o*. 
this  of  couHic  I9  a  very  different  matter.     Whilnt-y,  191?,  found  that  cullivaiim 
rotifers  in  yi  to  ^  per  cent,  alcohol  lessens  thdr  resistance  to  copper,  the  injury 
creasing  with  successive  cultivations;  but  if  the  alcohol  was  wilhurawn,  the  nor 
resistance  w.15  recovered  in  the  second  generation.     With  these  animals  therefore 
alcohol  has  no  direct  induencc  on  tht  germ-plasm.     With  female  piEcods,  tbc  daily 
halation  for  one  to  two  hours  of  nearly  paralytic  doses  of  alcohol,  for  two  to  f 
months,  reduced  the  size  of  the  cgg-yolk  quite  materially  (Kiddle  and  Bassctt,  ig> 

While  it  is  not  proven  that  ordinarj'  alcoholism  has  a  direct  influf 
on  the  gt'rm-plasm,  it  is  ccjrlain  that  the  embrj-o  is  exposed  to  the  inlluc*" 
of  the  alcohol,  since  this  passes  readily  through  the  placenta,  and      "^ 
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in  the  same  concentration  in  the  fetal  blood  as  in  that  of  the  moth^ 
(Nicloux,  1905).  This  may  be  supposed  to  cause  a  more  or  less  persis- 
tent lowering  of  the  resistance,  and  account  for  the  high  mortality  among 
the  children  of  alcoholics;  the  usually  poor  hygienic  surroundings  would 
contribute  to  this  result.  Moreover,  the  children  will  inherit  the  degen- 
eracy which  induces  alcoholism  in  the  parents.  The  statistics  of  prisons 
and  asylums  indicate  a  tendency  to  psychic  and  moral  degeneracy  amongst 
the  descendants — epilepsy,  idiocy,  insanity,  disposition  to  crime  and  to 
alcoholism;  but  it  is  not  decided  whether  the  defective  inheritance  con- 
cerns a  degeneration  induced  in  the  parent  by  alcohol,  or  the  degeneration 
nderhnng  the  abuse  of  alcohol     The  latter  is  more  probable. 

Odier  Intoxicants. — Alcohol  is  not  the  only  member  of  llic  hytlroairbon  series 
which  lias  been  ahufcd  as  an  mtoricaat.  Ether,  chloroform,  chloral,  paraldchyd  and 
j  «vcn  turpentine  and  Rasolinc  have  their  devotees.  Their  effects,  in  so  far  as  tliey  have 
H£^>c«n  studied,  correspond  closely  to  tho^c  of  alcohol. 

^"       Treatment  of  Chronic  AlcoboUsm. — This  follows  the  same  principles 
\     AS  with  other  drug  habits.     The  first  essential  is  the  complete  withdrawal 
of  the  drug.    This  may  be  facilitated  by  scopolamin  (see  under  "  Morphin 
Habit").    A  distaste  may  be  created  by  the  addition  of  some  nauseant 
(apomorphin),  but  the  effect  of  ihis  deception  is  usually  not  lasting. 
Suggestion  may  be  very  useful.     The  loc-al  action  of  the  alcohol  may  be 
replaced  by  capsicum  or  ginger,  the  stimulation  by  beef-tea;  the  depression 
may  be  met  by  caffcin,  the  insomnia  by  bromld.     The  prospects  of  cure 
^re  better  than  with  morphin  orcocain;  but  the  patients  will  often  relapse. 
Delirium  Tremens-^This  peculiar  manifestation  occurs  in  drunkards 
■<whcn  llieir  forces  are  unusually  weakened — by  extraordinary  e.xccss,  or 
tjy  the  suppression  of  ihcir  usual  allowance  of  alcohol;  by  absence  of  food; 
dposure;  overexertion;  trauma;  hemorrhage;  operations;  psychic  shock; 
or  in  any  serious  illness,  especially  in  pneumonia.     Premonitory  symptoms 
<yi  restlessness,  tremor,  ins<>mnia,  and  anorexia  last  usually  a  couple  of 
'Jays.    They  pass  into  excessive  tremor,  persistent  insomnia,  violent  and 
'alkative  delirium  and  terrifying  specific  hallucinations  of  sight  (often 
KTOall  animals),  touch,  and  sometimes  hearing.     It  usually  runs  its  course 
'  n  a  few  days,  ending  in  prolonged  sleep.     Acute  amblyopia  has  been  re- 
ported (Kaiser,  IQ12).    The  treatment  aims  to  support  the  strength  of  the 
patient  by  allaying  the  gastritis  and  giving  light  but  nourishing  food. 
'^'Je  insomnia,  restlessness  and  excitement  should  be  treated  on  their 
■^•^t  appearance,  by  moderate  doses  of  sedatives  and  hypnotics;  such  as 
■^•"Qrnid  (i  Gm.  e\'cry  one  to  four  hours);  chloral  at  night  (not  over  i  Gm,. 
s»nc:c  large  doses  have  caused  death);  veronal  fi  Gm.);paraldehyd(3  Gm.); 
'^^^rphin;  or  scopolamin  (0.5  mg.).     Ergot  has  been  advocated,  and  the 
^^-^tisiical  study  of  Ransom,  1909,  seems  to  be  Jn  its  favor,  although  it  is 
**oi  conclusive. 

^  l^cleehinl  hemorrhages  in  the  gastric  mucosa  are  very  common  lesions  in  necrop- 
g^^^  ^  delirium  tremens  ptilients,  Tliey  exist  without  any  evidencu  of  acute  inflam- 
^*-*ii>B,  ud  must  be  due  to  a  direct  toxic  action  on  the  vessels  (E.  F.  Hirsch.  1916). 

PECULIARITIES  OF  ALCOHOLIC  BEVERAGES 

l^_  Common  experience  teaches  that  the  effects  of  the  various  alcoholic 
^^^"erages  differ  in  minor  details.  These  differences  are  due  to  the  con- 
'^'^tration  of  the  alcohol,  extractive  matter,  and  to  the  presence  of  esters 
^*^  higher  alcohols.  However,  the  scientific  data  arc  scanty  and  un- 
^'^isfactory. 
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Beer  owes  its  marked  hypnotic  gualitlfs  to  the  lupulin  of  tlie  bop^^^  ^ 

well  as  to  the  alcohol.    Some  wines  arc  also  hypnotic,  while  others ^ 

majority — are  exalting.    The  diunlic  aciion  oj  gin  is  largely  due  to  ^ 

essential  oils  contained  in  it. 

Partially  fcrnicntcci  wiiies  produce  paxticularly  often  a  dlstorbuice  of  the  cqu^K—^^ 
riuiu  soraelinu's^pn  with  other  fortrmof  spiril — the  individual  t»ecomc3''ltnee  dnit^z^Vil't 
i.e.,  incapable  of  niLiintaiaing  the  upright  [lo&ition,  iMMore  the  para])*sis  of  the  iiii  ^  "^ 
functiuns  has  progaiised  to  a  great  extcDt.  Absinthe  producer  halluciiutioiu 
finally  rpilcpsy.    The  Mexican  drink  "pulqu*,"  proilucea  by  the  fennentatiaQ  of 

('uicc  of  the  maguey  plant,  producoi  an  alcoholic  intoxication  in  irhich  the  thoogbt 
anguage  are  low,  the  patient  is  boisterous  and  quarrelsoine,  and,  it  is  said, 
unhappy. 

The  Stronger  Spirits  contain,  besides  alcohol,  substances  which 
pharmacologically  be  divided  into  two  groups:  the  "oenanthic  ethe 
that  give  the*  bouquet  (flavur),  which  add  to  the  stimulation  and  ha^'e 
other  marked  action;  and  those  that  have  a  deleterious   effect. 
latter — which  arc  commonly  called  impurititrs — arc  largely  destroyed 
age.    The  most  abundant  is  amyl  alcohol  (fusel  oil). 

The  action  of  these  "impurities"  as  far  as  studied  is,  upon  the  whcz: 
similar  to  that  of  alcohol  Itself,  but  more  toxic.  However,  the  wfa»- 
subject  is  in  dispute.     (The  literature  is  abstracted  by  R.  Foerster,  191'  ' 

Frieilenwald,  iQt  i,  found  that,  with  intravenous  injections  into  rabbits,  the  to 
of  alcoholic  liquors,  wines  .and  beers  was  higher  than  would  correspond  to  their  a 


content.  The  small  value  of  these  results  is  illustrated  by  the  fact  that  thc>-  wu^i.  ""i* 
place  the  toxicity  of  pure  10  per  cent,  alcohol  cotuddcrably  ^xive  that  of  38  per  cent    -^^^ 

The  aldehyds  have  a  strongly  irritant  action  on  mucous  membrane — as  shown    -^^  ^'J 

formaldchyd  or  acrolein  (allyl-aldehyd — the  vapors  of  overhcitwi  fatly  oil).    Farfa= ros 

which  W.1S  formerly  believed  to  modify  the  intoxication,  docs  not  appcax  to  do  ao.  L»r~  ^^ 
doses  are  cunvubant  (Labordc,  1888).  ^^^ 

Artificial  liquors  are  made  by  the  admixture  of  ethers  and  essential  oils  to  ako^£==^ 
Their  action  is  not  uniform,  but  it  is  generally  belic\*cd  to  be  more  irritating  locally,  ^^^■•" 
more  injurious  to  the  brain. 

PREPARATIONS — ALCOHOL 

AU.ok.tl  Dfkydraium  (Alcohol  Dehyd.),  tI.S.P.:  Akakol  Ahsoiutum  (Alcohi^  .\b»o^-^ 
B.P. — Xot  Ics-s  than  99  per  cent,  by  weight  of  CjIitOH.    Very  hygroscopic 

*Ak0ho!,  IT.S.P.;  SpirUus  RrtlifiaUus  (Sp.  Rrclit.),  B.P.— Not  Ic»  than  92  j 
cent,  by  weight,  04.9  per  cent,  by  v<rfume,  U.S.P.;  qo  per  cent,  by  volume,  B.P.. 
CiH*OU.     Colorless,  volatile  liquid,  of  charactcrisdc  odor  and  burning  taste     i't 
mi&dblc  with  water,  ether,  chloroform,  etc. 

DUuiioH. — Since  a  condensation  occurs  on  mixing  alcohol  and  water,  the  pezocot 
of  the  resulting  product  can  not  be  deduce<J  by  the  formula  per  cent.  -J-  (V  +  V). 

Tables  for  making  the  commonly  needed  percentages  by  the  dilution  trom  the  ol 
olcc^ois  are  given  in  the  V.S.P.  (page  522)  and  B.P.  (P^ges  363  and  530).  -» J 

Alcohol  Ditulum  (.\lcohoi  Dil.),  U.S.P. — .\  mixture  of  et)ua]  volnmM  of  officr^ 
alcohol  and  wattr,  contaiulng  41  1043  percent,  by  vcightorfrom4f).5  1049.5  P^''* 
by  volume  of  CjHjOH. 

*l)iuiUfd  Spiriis. — These  include  whislty  (^>i>.  FrNmenii),  distilled  frora  the 
of  fermented  grain  and  aged  for  at  least  two  years:  44  to  5$  pet  cent,  of  alcohol 
volume;  avmigedose,  15  cc,  45.     Brandy  or  Cognac  (Spir.  ViniGaUici},%Amt  percc 
tX  about  the  same  strength  are  the  other  spirits,  which  art  less  used  In  medicine.    }t 
land  Gin^  di&tillcd  over  juniper  berries;  Common  (jin,  often  containing  turpcolir 
Rum  from  molasses;  .Vrrack  from  rice,  etc 

ifishira  Sjiirilus  Vint  Gailid. —  Four  ounces  each  ol  brandy  and  cinnamon  w»t 
two  yollcs  of  eggs,  and  H  ounce  of  sugar. 


WINES 

Thcae  arc  made  by  fctmcntinft  the  e.xprc»cd  juice  (must)  ol  the  gripe.  If  thii 
tafais  the  skins  of  dark  grapes,  the  wine  will  be  red;  if  made  fr^im  light  grapes^  or 
the  juice  of  dark  grapes  without  skins,  it  is  "  white,"  t^,  an  amber  color. 
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A  wine  which  conUins  much  alcohol  (15  to  ao  per  cent.)  is  "gencrou*";  one  poor  in 
alcohol,  "light";  one  containing  much  sugar,  "sweet";  poor  in  sugar,  "dry.''    If  it 


Alcobol 
Per  C«at.  P«r  Cmt. 

Wdght 

15  lo  19 


Voltun* 
t8  to  23 


ODOtuos  COt,  it  is  "spariding";  if  tannin,  "rough"  or  "astringent";  if  acid  tartrate*, 
**acidulou5."  The  last  two  ingredients  will  interfere  with  digestion  if  the  wine  is 
liabitually  uied. 

The  most  important  wines  are: 
Slurry  (Vinum  Xericum):  Dark  amber,  dry,  little  add- ' 
ity  (Madeira,  Manrata,  Tokay,  Malaga,  arc  simi^r, 

but  more  sweet) 

Pert  (\^inum  Portensc):  Deep  purple,  rather  sweet  and 

rough .* _ 

Clartt  (Bordeaux):  Red,  dry,  with  some  degree  of  add-' 

ity  and  astringency 8  to  14         10  to  17 

Itampagne:  Pale  amber,  sweet,  sparkline S  to  10         10  to  13 

Jock  and  MoitUt:  Pale  aruber,  dry,  slightly  add 11  15 

CatavAa:  Amber,  dry,  rather  add  (or  sweet) to  to  13        13  to  15 

Unfermented  Grape  Juice  (i.f.,  must,  preserved  by  heating  or  an  antiseptic)  can 
scarcely  be  ooasidcrcd  a  medicinal  a);<.Til. 
Other  Fermented  Liquors: 
From  Apple:  Cider,  ] 

From  Pear:  Perry,        $  to  10  per  cent,  (by  weight). 
From  other  fruits,     J 
iiaii  Liquors.— 'V)3X:x  contain  alcohol,  COt,  sugar,  and  usually  hops.    The  color 
varies  from  pale  amber  to  darlc  brown,  the  difference  being  due  mainly  to  charring  of  the 
xn&It.    Lager  beer  is  made  by  slow  fermentation  at  a  low  temperature;  porter,  ale,  and 
stout  by  rapid  fermentation  at  a  higher  heat. 
Their  alcoholic  strength  is  as  follows: 
AU,  Porter,  Stout,  arid  Export  Beer.  , .  .3  to  6  per  cent.  1  t  ,  ,   --i,, 

Lot"-  Beer 1  to  3  per  cent.  /  ^>  *«'?»»• 

By  fermenting  milk,  a  pleasant  atcoliolic  liquid,  "Kumiss,"  can  be  obtained,  which 
c^etMiia  to  3  per  cent,  of  alcohol. 

HIGHER  ALCOHOLS 

Tn  acute  intoxication,  the  toxicity  tif  the  alcohols  increases  with  the  dzeof  the  imdo- 
cule,  aa  shown  in  the  following  table  (Baer): 


Methyl,  CH.OH  . 
Ethyf,  C,H»OH 
Propyl,  CHtOH. 
Butyl,  C4H,0H. 
Amyl,  C,Hi:OH. . 


BaiUng^point    Relative  toudty 


65.0 

0.8 

78. s 

r.o 

98.0 

2.0 

107.0 

30 

131. 0 

4.0 

w 


-I'his  (Richardson's  law)  applies  also  lo  tie  Individual  tissues;  sensory  and  motor 
****'^''«-*,  ciliated  cpilhclimn,  muscle,  ova,  heart  (Kuno,  1913). 

^-     Xt  is  quite  conceivable  that  the  late  atitiun^  mM'  difTer  more  markedly  from  those 
**Jiyl  ilcofaol;  as  they  dQ,f.L,  In  the  case  of  methyl  alcohol. 


ISO-AMYL  ALCOBOL 

^^    *Xlie  main  con.<«tituent  of  "luaol-oU,"  is  more  violent  than  ethyl  alcohol  in  its  acute 
^***^    subacute  actions  (Satant,  iqo<j)  and  the  after-effects  arc  more  pronounced;  but  its 

ixture  up  to  I  ~ 

*«»   (Baer,  1898). 


^***»ixlurc  up  to  I  per  cent,  produces  very  liltle  difference  in  acute  alcoholic  intoxica- 
tion     TR ..r     . fi«fl\ 


METHYL  ALCOHOL 

,        Ocneral  Statement. — The  extensive  use  of  this  .substance  (Wood  Alco- 

^^1,  Columbian  Spirits)  in  the  arts  (as  a  combustible,  solvent  ior  shellac, 

*y*^-)  and  as  an  adulterant  oE  alcoholic  beverages  and  medicines  has  given 

^^*^    to  numerous  cases  of  poisoning.     The  acute  symptoms  resemble 

^f^nary  alcoholic  intoxication.     The  main  differences  are  in  the  stronger 
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local  irritation  and  in  the  more  protracled  and  more  serious  after-effects, 
the  coma  lasting  several  days  and  often  terminating  in  death.  A  very 
important  feature  is  the  frequent  occurrence  of  incurable  blindness  from 
retrobulbar  neuritis  and  retinitis.  This  may  occur  after  taking  10  cc, 
but  the  individual  susceptibility  varies  greatly.  The  effects  are  pro- 
duced by  the  purest  samples,  and  are  therefore  due  chiefly  to  the  methyl 
alcohol  itself,  although  they  may  be  exaggerated  by  the  impurities  (ace- 
lone,  etc.)  which  are  usually  present.  Methyl  alcohol  should  never  be 
applied  to  the  body,  externally  or  internally.  Its  presence  in  foods  and 
drugs  is  properly  prohibited  by  law.  Protection  against  the  inhalation  of 
its  vapors  should  be  enforced  in  the  trades.  The  treatment  of  poisoning 
by  methyl  alcohol  includes  evacuation,  stimulants,  heat;  and  morphin 
to  allay  suffering. 

Etiology. — The  prnclical  seriousness  of  methyl  alcohol  poisoning  Is  illustrated  by  ibe 
fact  that  BuUer  and  Wood  found  1S3  cases  of  btindn>e«s  and  laz  deaths  recorded  up  to 
ic)04,  althuugh  thetrxi^lcncc  of  the  danger  had  only  Ijpch  recently  recognized.     A  whole- 
Kale  poisoning  occurred  among  the  inm-ites  of  a  Berlin  municipal  lodging  house  (Stadel- 
mann  and  Magnus  Levy,  191s;  Review  o(  scries  of  papers.  Year  Book,  .\in.  Pharm.      , 
AsMK-,  1912,  i:364-^'i;;  Baskorville,  1913,  has  abstracted  the  cases  in  the  literature).—,. 
About  Si  million  gallons  arc  produced,  annually,  and  3  million  people  are  engaged  Lh^e 
trades  where  it  is  employed  (Wilberl,  1915).     Adulterated  cologne  and  bay  rum.  etc... 
have  often  proved  toxic  when  used  externally.    The  vapor  of  mtthyl  alcohol  {vamishJt 
i_s    dangerous    if    vrnliklion    is    insufTicient    (recent    Bibliography,    J.A.M.A.,    iqt 
60:  1337).     The  inhalation  is  also  highly  toidc  to  animals,  the  effects  agreeing  iri 
those  in  man  (Tyson  and  Schocnbrrg,  1914).     Considerable  absorption  occurs  wb- 
thc  air  contains  0.3  per  cent,  (A.  I-oewj-  and  Hclde,  1914). 

General    Symptoms. — These   begin    with   ^jstro^intrslinal  disttirbance,   abdomi  _^ 

p.'un,  general  weaknes-s,  nausea,  vomiting,  vertigo,  headache.  The  symptom*  of  ordff^fcjj: 
nary  alcoholic  intoxication  supervene,  wtih  deliriuni,  restlessness,  unconTciousoess,  coK^^.jo[. 
lapse  and  coma.  The  pupils  arc  usually  dilated  and  irresponsive;  nystagmus  may  bc^V  be 
present.  Dvipnra  ant]  ryanosis  are  marked.  The  temperature  is  subnormal.  Dtaik  r  ^a 
ver>-  much  more  frequent  than  with  ethyl  .alcohol.     It  occurs  in  coma,  from  rcspirato(^K.^Hy 

paralysis,  in  »  few  hours  to  three  days.     'Ihe  jaUsl  dote  is  probably  from  100  to  350 c -t 

The  piulmartfm  iesions  show  irritation  of  the  stomach,  duodenum,  kidQe>-s  and  >*'*^     ^<f 
der.     CoutLoucd  use  leads  to  fatty  degeneration  of  the  liver. 

Late  Sym.ptams, — Sometimes  the  symptoms  are  deferred  for  ee^*e^a!  days  and  tb^     -wi 

prove  rapidly  fatal.     Delirium  may  set  in  after  the  acute  symptoms  have  subside iid. 

Cystitis  IS  a  frequent  sequel.     The  moMt  important  .wqucl,  however,  is  the: 

Optic  Injuiy.^ — The  symptoms  arc  bitatcral  and  consist  in  scotoma,  dimness  or  t 
blindness;  the  pupils  are  dilated  and  insensitive  to  light.  The  Itwis  of  vision  may  start 
a  few  hours,  or  lie  delayed  several  days;  it  generally  becomes  complete;  subscqucD< 
there  is  some  improvement,  which  in  most  casw,  however,  finally  relapses  into  to 
blindness  (Buller  and  Wood,  1904;  other  reports  summarized  by  Woods,  1913).  1  *** 
anatomic  changes  consist  chiefly  in  hyperemia  and  cdi-ma  of  the  fundus  and  deslnicl^^'*'** 
inflammation  of  ihc  optic  nerve  or  retinal  elements  or  both,  followed  by  their  atro;^  "^? 
(Tyson  and  Schocnbcrg,  1914).  The  effective  dose  ^-aries  greatly:  10  c.c  has  cau: 
blindness  in  some  rases  while  90  c.c.  has  failed  to  do  so  in  others.  Permanent  im 
raent  of  Wsion  occurs  in  something  like  half  of  ail  cases  of  poisoning  (for  other  tx^ 
amblyopias,  sec  "NIcotin").  The  pathologic  changes  in  rabbits  are  described 
Kasava,  19T3. 

The  cause  of  the  peculiarities  of  methyl  alcohol  pt^sonlng  has  not  been  satisf  -J"*^ 
torily  explained.  In  cinimnh,  llic  acute  toxicity  of  methyl  alcohol  is  about  10  per  cc^  -*? 
less  than  that  of  ethyl  alcohol  (also  for  rotifers,  Whitney,  1912},  but  the  subacute  to^^**-" 
Uy  is  markedly  greater.  The  symptoms  develop  more  slowly,  even  on  intraven^^^^*** 
administration, and  arc  much  more  protracted:  While  the  elhyl  alcohcj  coma  last » ft  ^^*y 
six  lo  twcnty-i«ur  hours,  that  of  methyl  alcohol  lasts  three  to  four  da}-*.  Thii  F^*^ 
tractcd  action  leads  to  cumulative  ctTect's:  Pohl,  1S93;  Reid  Hunt,  igoj;  and  Langay-^^ 
1^13,  found  that  the  daily  repetition  of  sublethal  doses  Is  more  fatal  with  methyl  tM-»^_ 
with  ethyl  alciihoi.  Birch  Kirschfcid  demonstrated  a  similar  cumulative  aclkNk. 
monkeys.     "Tippling"  has  also  been  found  especially  dangerous  in  man. 

Excretion  ana  Fate. — The  protracted  and  cumulative  action  is  connected  with 
slow  excretion.  Voeltzand  Dietrich,  i9i3,found  after  sec.  pet  kilogram  thatduring 
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d&ys  about  71  per  cent,  were  excreted  unchAOgcd  by  the  lungs,  3  per  cent,  by  the  urine. 

fg  per  cent,  had  been  burned,  and  37  per  cent,  were  still  in  the  tissues.  Nicloux  and 
'Ucet,  igti,  found  it  present  in  the  blood  and  brain  after  five  days.  This  would  explain 
the  cumulation;  but  there  may  he  an  aihlilional  taclur:  While  ethyl  alcohol  is  oxidized 
completely  to  CO]  and  HjO,  mechyl  alcohol  is  oxidized  mainly  to  formic  acid  (Pohl, 
1893).  This  is  excreted  rapidly  by  the  urine,  but  gives  rise  to  acidosis  (increased 
ammonia  excretion,  Kr61,  1913),  and  this  may  bie  responsible  (or  part  of  the  symptoms. 
V.  Fcllcnbcrg,  1515,  claims  that  methyl  alcohol  is  readily  formed  from  the  pectin  of 
fruit  and  vegetables,  pectin  yielding  from  9  to  1:1  ner  cent,  of  methyl  alcohol.  He 
aucTts  that  this  is  not  harmful,  being  practically  completely  burned  in  the  bodyj  whereas 
if  the  methyl  is  mixed  with  ethyl  alcohol,  as  in  liquors,  the  combustion  is  incomplete, 
and  harm  ri^ult^i  from  relatively  small  doses.     Confirmation  shotUd  be  awaited. 

Xnunuitiefi. — The  best  commercial  wood  spirit  contains  about  9^  per  cent,  of  methyl 
alcohol;  the  common  varieties  75  to  90  per  cent.;  some  samplw  cmly  35  to  40  per  cent. 
The  impurities  consist  of  .acetone,  methyl  acetate,  allyl  alcohol,  aldenyil,  empyreumatic 
product!.,  etc.  (Baskervillc,  1013).  It  has  been  auggcated  that  these  arc  responsible 
for  the  peculiar  toxicity  (Mueller,  1910;  Kobert,  1910).  However,  most  investigators 
ivc  found  no  essential  difference  between  the  ordinajj*  and  the  purest  obtainable 
tides  fHunt,  1901;  Bullcr  and  Wood,  1904;  Ahrcnds,  1910);  nor  do  any  of  the  impu- 
rities produce  the  characteristic  effects  (Baskervillc,  igij). 

^  ACETOWE  [DIMETHYL-KETONE) 

^P  Acetone,  U.SJ*.,  CHi-CO-CHi,  ia  used  as  a  solvent  for  fats,  resins,  rubber,  etc; 
and  for  the  preparation  of  okoresins.  It  is  a  rather  feeble  narcotic,  causing  con- 
siderable d>'5pDea  (.Mbertoni,  18S4).  Hyjiodcrmically  (guinea  pigs)  it  is  much  more 
toxic  than  methyl  alcohol  (Rhttmy,  1912).  It  is  excreted  mainly  by  the  lungs.  The 
urinary  excretion  in  fasting  dogs  is  diminished  by  caSein  and  cocain  (Cer\'ello  and 

^  Oirgenti,  1914)- 

H  DENATURED  ALCOHOL 

^H      .\Icobol  for  industrial  uses  is  mixctl  with  various  nauseous  substances,  to  unfit  (t  for 

^Kcnsumption,  and  thus  secure  exemption  from  tlic  internal  revenue  tax.    The  standard 

^^>fmula4  contain  85  to  9^  per  cent,  oi  grain  alcohol,  3  to  10  jkt  cent,  of  wood  alcohol, 

Aod  W  per  cent-  of  benzine  or  of  pyridin  bases.    A  few  other  formulas  are  authorized 

for  fecial  technical  purposes. 

Poisoning  by  denatured  alcohol  fcontaining  i  per  cent,  of  wood  alcohol)  has 
I'ec'ome  quite  common  in  Kuasia  since  the  prohibition  of  grain  alcohol.  Visual  dis- 
^rtlers  occur,  generally  after  three  to  four  months,  or  with  targe  doses  [Eteonskaia, 
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General  Statement. — Ether,  chloroform  and  other  volatile  hydro- 
ca.rl>ons  arc  employed  raaiiily  for  producing  surgical  anesthesia.  They 
^^>rcss  succt^-sively  the  psychic  centers,  then  probably  the  ba.sal  ganglia 
^■•Kl  cerebellum;  then  the  spinal  reflexes,  first  the  sensory,  and  then  the 
"^otor  functions  of  the  cord,  probably  from  below  upward;  and  finally  the 
'^«du!lar>'  centers.  The  most  highly  evolved  functions  are  affected  first. 
r—^'oroform  also  has  a  direct  depressant  effect  on  the  cardiac  muscle  and 
*^^    generally  more  dangerous.     Locally,  they  act  as  irritants. 

iMscovery  of  Stugical  Anesthesia. — The  use  of  narcotics  for  lessening 

^-**c  pain  of  operations  dates  bade  to  antiquity;  however,  the  discovery  of 

^Hc  means  to  achieve  complete  and  safe  anesthesia  is  an  accomplishment 

^'   the  nineteenth  century  (1843  to  1847}.    The  credit  for  this  discovery 

^Ust  be  divided  between  several  investigators:  Humphrey  Davj*  for  the 

'i'^Gnite  suggestion;  C.  W.  Long  for  the  independent  discoven'  but  inade- 

■A^aie  publication  of  ether  anesthesia;  Horace  Wells  for  the  successful 

^^*  and  publication  of  nitrous  oxid;  Jackson  and  Morton  for  the  successful 

\^u>jIk  demonstration  of  etherization;  I'lourensand  Simpson  for  the  intro- 

dwciion  of  chloroform. 
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The  Eg>-ptians  probably  employed  narcotics.  The  Assyrians  arc  said  to  lui« 
slrangl>e^d  the  cluldrcn  before  circumcision,  producing  anesthesia  by  the  aid  of  CO*. 
This  method  was  revived  by  Valverdi  in  Italy  early  in  the  seventeenth  century.  The 
Chinese  used  haiiliish.  All  kinds  of  narrotics  were  pven  during  the  middle  age&,  espe- 
cially opium  and  drugs  containina  hyosdn  (such  as  the  Icgeodar>*  "mandrake,"  Mao- 
dmgura  oflicinalb).  The  recent  Scopolamia-Morphin-Anestl««Lia"  Is  an  iatefestiDK 
reversJaa  to  thi^  ancient  method,  which  became  obsolete  when  the  vastly  superior  in- 
halation anesthesia  was  discovered. 

Sir  Humphrey  Davy  in  i^gq  announced  the  ancsihetic  properties  of  nitrous  orid 
(lauithing  pas)  and  sugRCStcd:  "A.'*  nitrous  oxyd,  in  its  extensive  uperalion,  a[^art 
capable  ui  destroying  physical  pain,  it  mav  probably  be  useil  with  advantage  during 
surgical  operations  in  which  no  great  cBuaon  of  blood  takes  place."  Uofortunately, 
the  suggestion  was  not  acted  upon  at  the  time. 

Dr.  Crawfurd  W.  I^ng,  of  Jefferson,  Ga.,  administered  ether  as  a  iiuri^cal  anesthetic 
in  184},  but  neglected  the  adequate  publication  of  his  discover}-. 

Dr.  Horace  Wells,  a  dentist  of  Hartford,  Conn.,  witnessed  an  exhibilion  of  "laugb- 
ing  gas"  in  a  public  lecture  by  Colton  in  December,  1844.  He  noticed  that  one  of  the 
subjects  was  insensible  lo  pain;  acling  on  this  liinl,  he  had  a  tooth  extracted  under  its 
iofluence  on  the  next  day.  The  nprr.ition  \va.s  a  complete  success.  He  introduced  the 
gas  into  general  denial  practice  in  Hartford,  and  save  the  matter  vide  publicity,  with- 
out reservation.  The  inlu^icanl  action  of  ether  odng  well  known,  he  tried  ibis  Wlh 
Dr.  Marcy  of  New  York,  early  in  1845,  but  thought  it  inferior  to  the  gas. 

There  can  be  no  question  that  Wells  discovered  anesthesia  independently,  and      -fcad 
thai  he  introduced  it  successfully  into  practice;  and  he  seems  to  have  been  the  first     .^^t 
to  realize  fully  the  importance  of  the  discoi'tTy.     Unfortunately,  an  attempted  nubhc    t=»i.jE| 
demonstration  in  Boston  in  January,  1.I45,  failed  partly  and  was  met  with  rioicuie.  -,_^^m3 
The  successful  demonstration  of  ether  by  Morton  threw  nitrous  oxid  completely  in  .x^x  ia. 

the  shade  for  many  yeai>,.     Wells  was  greatly  diwippciinted,  became  iniine  and  com 

milled  suicide  (Truman  Smith,  1838,  "An  Examination  of  the  Question  of  .'Voesthc^") —  ^ 
The  u&e  of  tlie  gas  was  revived  about   1863  by  Colton  (whose  demonatratioa  hsdg^ 
started  Wells),  and  by  1868  it  was  cxlcmivdy  used  in  dentistry.     It  has  since  beoK^ 
reintroilucod  into  major  surgery,  and  has  thus  vindicated  tJic  claims  of  Wells. 


Chas.  T.  Jackson,  a  chemist  of  Boston,  etherized  himself  into  unconsdousnesa,  ic^.y 
the  winter  of  1841  to  1843-,  and  thereby  conceived  the  idea  of  cther-ancsthcsia.  lledic:».K- 
oot  apply  it  further,  but  discussed  it  wilh  various  persons,  among  otheni  with  Mortoa.s=^«ft.! 

Wm.  T.  Vr.  Morton,  a  dentist  of  Boston,  was  a  former  friend  of  Wells  and  Jaclcson^^^c  ■!!. 
from  both  of  whom  he  seems  to  have  received  his  inspiration.     After  the  discoverj-  <■"■    t£ 
Wells,  he  is  said  to  have  consuhcd  Jackson  about  the  manufacture  of  nilrous  oxid,  ui^  ^r-td 
that  Jackson  suggested  cthtr  as  more  convenient.     Morton  seems  to  have  itafle»»s — wii. 
successful  experiments  with  ether- anesthesia  in  September,  1S46.     In  October,  t&4C^^ — C>, 
he  gave  a  perfect  demonstration  at  an  operation  by  Dr.  J.  C.  Warren,  at  IklassachuMtt^^    -** 
General  Hospital.     The  complete  success  of  this  operation  achieved  the  intiodudiO' 
of  anesthesia  into  surgen*.     Morton  obtained  a  patent  in  November,  1846.     This  ste 
and  the  methods  which  he  was  said  to  have  employed  to  obtain  it,  raised  much  o[ 
tion.     His  life  was  embittered  by  the  controversies,  and  he  died  of  apoplexy.     Jack 
the  third  party  to  the  unfortunate  contention  for  priority,  also  became  insane. 

The  use  of  anesthetics  spread  rapidly,  and  related  sufetances  were  tried:  Chlmfa 
was  unHi  yn  animals  by  Fiourcns  in  1847,  and  in  the  same  year,  on  the  indcpeadci 
suggestion  of  McWaldic  by  Simpson  of  Kdinburgh,  on  man.     Flourens  in  the  same  yi 
also  called  attention  lo  ethyl  chlorid.     It  was  used  surgically  by  Ueyfelder  in  the 
year,  but  then  neglected  IJII  ifiqs- 

The  hrst  fundamental  sdcntific  work  on  the  action  of  anesthetics  was  publtsbrd 
Snow,  1858, 

Ether  was  discovered  by  Valerius  Cordus,  1 540;  chlorofonn  independently  by  Lieb^ 
Soubeiran,  and  Guthrie,  1S31. 

Stages  of  Anesthesia. — The  main  actions  of  alcohol,  ether,  chlorofoi*^^ ^ 

chloral,  and  the  numerous  other  hydrocarbon  or  lipolytic  narcolics 
qualitatively  similar;  but  they  show  praciically  important  differences, 
severity,  rapidity,  duration  and   sequels.     The  successive  effects 
be  divided  into  "stages.''    Jleviitt,  f.i.,  classifies  these  as  (i) 
(2)  light  anesthesia;  (5)  deep  anesthesia;  (4)  bulbar  paralysis.     Since 
effects  pass  without  abrupt  transition  from  one  stage  to  the  other, 
classification  is  arbitrary.     In  the  following,  they  will  be  divided  mer 
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into  the  prc-ancsthetic,  anesthetic  and  paralytic  stages.  In  surgical  prac- 
tice, the  normal  course  of  anesthesia  is  generally '"  corapltcated"  by  aspbyx- 
ial  phenomena,  traumatic  reflexes,  hemorrhage,  etc. 

Pre-amsthetic  Stage. — This  sets  in  with  a  comfortable /«/m^  of  warmth, 
spreading  over  the  whole  body;  but  soon  associated  with  a  chstressing 
sensation  0/  su^ocation,  especially  if  ether  is  used  and  the  access  of  air  is 
limited,  as  in  the  "closed"  methods.  The  heal  cjfcds  make  themselves 
felt  by  prickling  and  smarting  of  the  nose,  throat  and  conjunctiva,  with 
hypersecretion  of  mucus,  tears  and  saliva.  The  suffocation,  as  well  as  the 
direct  effects  of  the  anesthetics,  result  in  more  or  less  excitement  and 
struggling,  and  sometimes  convulsions,  especially  in  hv'steriral  patients. 
The  reflexes  are  at  first  rather  exaggerated,  later  somewhat  depressed  and 
less  purposive.  Tonic  muscular  spasm,  general,  or  of  the  jaws,  glottis  or 
respiration  may  occur.  The  sensation  becomes  disturbed:  the  sensi- 
bility is  impaired  after  the  first  few  inhalations.  Stimulation  evokes 
responses,  but  without  pain.  This  '^primary  analgesia/'  while  the  pa- 
tient is  still  conscious,  may  be  used  for  short  operations,  especially  under 
nitrous  oxid. 

The  thoughts  become  confused^  with  hallucinations  (noises,  etc.), 
sensation  of  stiffness,  and  want  of  muscular  control.  The  patient  loses 
scK-control  and  indulges  in  loud  incoherent  talking,  laughing,  singing, 
etc.;  passing  gradually  into  unintelligent  muttering.  These  initial  excite- 
ment symptoms  vary  greatly  in  duration  and  intensity  in  different  patients. 
Akoholics  may  exhibit  violent  delirium  and  even  mania.  VvmiHng 
(probably  central),  retching,  and  coughing  may  occur.  The/fl«is  flushed; 
the  pupils  at  first  dilated,  then  gradually  constricted;  the  pjtise  rapid;  the 
blood  pressure  increased;  the  respiration  somewhat  quickened  and  at 
times  irregular,  sometimes  suspended  if  the  vapor  is  too  strong. 

The  Anesthetic  Stage. — This  is  the  stage  which  it  is  aimed  to  produce 
and  maintain.    It  is  characterized  by  complete  paralysis  of  the  brain  and 
of  ihe  motor  reflex  centers  of  the  cord,  and  usually  some  depression  of  the 
/nedullary  centers.     Cnttsci-(*nsness,  sensatian,  and  most  reflexes  are  lost— 
tiie  corneai  reflex  being  among  the  last.     Consequently  the  muscles  are 
/^XJC.    The  smooth  muscles  are  not  usually  affected,  but  there  is  sometimes 
A   relaxation  of  the  sphincters.     The  pulse  is  full  and  soft,  the  rale  rather 
slo-%r  with  chloroform,  slightly  faster  than  normal  with  ether;  the  hlood 
pw^rsiwe  being  lowered  by  chloroform,  normal  or  rather  raised  by  ether. 
Tia«  respiration  is  regular  and  deep,  often  softly  snoring  or  stertorous; 
ra.  tlier  rapid  vsilh  ether.     The  temperature  falls  in  consequence  of  the  less- 
er* «•'!  muscular  activity  and  increased  heat  loss.     The  pupils  are  somewhat 
srr:»sll  and  respond  sluggishly  to  light.     'Vhc  face  is  pale  with  chloroform, 
often  cyanotic  with  ether. 

The  medullary  depression  does  nctr  each  a  dangerous  degree  if  the 
^■t^^riiinistration  is  carefully  done.  But  with  prolonged  aneslkesia  the  pulse 
'•^^^■^^Is  to  become  progressively  weaker,  the  respiration  more  shallow,  and 
***^  temperature  lower — it  may  fall  as  much  as  5°C.  This  is  due  to  paral- 
y^*sof  the  function  of  temperature-regulation. 

The  paralytic  stage  is  characterised  by  progressive  paralysis  of  the 

;*ia^r<3ulla.    This  stage  must  be  carefully  guarded  against. 

.         AH  reflexes  disappear.    The  respiration  becomes  .shallow,  irregular, 

'^t>^red,  and  then  ceases.     The  skin  is  cold  and  pale,  and  covered  with  the 

^-'^mmy  sweat  of  the  "agony."    The  pupils  arc  widely  dilated.     The 

P**ist  becomes  slow  and  weak,  and  ceases  normalty  after  the  respiration. 
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Recovery  of  Patient  from  Nonnal  Anesthesia. — The  promptness  of 
the  recovery  is  inverse  to  the  duration  o(  the  administration.  The  first 
change  after  the  withdrawal  is  usually  in  the  respiration,  which  becomes 
quieter  and  less  stertorous.  Then  the  lid  reflex  and  deglutition  move- 
ments reappear.  The  pupils  generally  grow  smaller,  but  dilate  easily. 
The  breathing  is  disturbed  by  swallowing,  coughing,  retching  and  actual 
vomiting,  usually  just  before  consciousness  returns.  This  is  commoii!>r 
succeeded  by  sleep  lasting  several  hours.  Thirst  and  gastritis  persist 
for  some  time. 

Individual  Functions.— The  proper  administration  of  anesthetics  re- 
quires a  detailed  knowledge  of  their  effects  on  the  important  individual 
functions  in  the  successive  stages. 

Respiration. — This  is  influenced,  not  only  by  the  direct  action  of  lhc=r 
anesthetic,  but  also  by  the  patency  of  the  respiratory  channels;  by  local 
and  distant  reflexes;  the  state  of  the  circulation,  etc.  In  the  early  stages, 
if  local  irritation  is  avoided,  the  respiration  is  generally  somewhat  decpei 
and  quicker  from  stimulation  of  the  respiratory  center.  Most  commonlj 
it  is  apt  to  l>e  irrcjojlar,  especially  if  the  administration  is  started  abruplli 
on  account  of  the  struggling,  choking  sensation  and  local  irritation.  Th< 
latter  may  produce  temporarj*  expiratory  stoppage  by  a  trigeminal  refli 
{Kralscbmcr,  1S70);  but  in  man,  this  reflex  is  not  usually  so  strong  o 
lasting.  The  "choking"  is  especially  pronounced  with  ether.  Rcflez. 
closure  of  the  larynx  may  produce  asphyxia  under  chloroform  (Bernard^ 
With  chloroform  also  spasmodic  arrest  of  respiration  may  somcUmf 
occur,  especially  in  N-igorous  subjects,  and  is  probably  a  common  cause 
the  early  deaths.     This  is  less  likely  to  occur  if  dilute  vapors  are  cmployi 

As  the  patient  passes  into  anesthesia,  the  breatfiing  becomes  reguk 
and  noisy;  with  ether,  the  depth  and  rate  may  at  first  be  increased;  wii 
chloroform  tliey  are  decreased,  partly  by  the  low  blood  pressure.  Tl 
respiration  is  mainly  diaphragmatic.  The  snoring  and  the  louder  "stertoi 
are  generally  produced  by  the  vibration  of  the  tongue  against  the  pharyi 
geal  wall.  *' Stridor"  is  laryngeal,  due  to  paralysis  or  spasm  of  the  voc 
cords  or  obstruction  of  the  glottis  by  mucus.  As  anesthe^a  deeper 
increase  of  concentration  usually  makes  the  respiration  temporari 
deeper,  quicker  and  more  stertorous,  and  vice  versa.  Cheyne-Stnkes  r« 
piration  is  not  uncommon  with  chloroform,  but  exceptional  with  ethi 
because  the  CO3  tension  is  high. 

Reflex  Respiratory  Changes.^ — These  occur  even  during  full  ancsth 
sia  but  are  mos:  m:irkcd  if  the  anesthesia  is  light.     The  respiration 
usually  stimulated  by  the  operative  procedures,  and  these  may  provol 
coughing,  deglutition,  rctchmg,  stertor,  or  spasmodic  inspiratory  or  e 
plratory    arrest.     Operations    during    partial    anesthesia    are    Uiercfo 
dangerous. 

Larynceal  Reflex. — When  a.  fresh  portion  of  ether  is  poured  upon  the  cone,  t. 
irritation  of  tbc  more  concentralcJ  va}K>f  causes  the  patii-nt.  511  loo^  as  he  ii  par* 
ron^ious  lo  hnlH  the  brvath  mumentarily.     The  dtsappearaocc  of  (hi4  reflex  i%  a  vi 
able  index  of  surgical  anesthedia  (Briggs). 

With  the  approach  of  the  paralytic  stage,  the  respiration  becomes  m( 
stertorous  {softly  snoring  with  chloroform),  irregular,  dyspneic.  and  stt 
paralysis  of  the  respiratory  center  being  the   usual  mride   of  death 
deep  anesthesia.     Chloroform  has  a  more  pronounced  paralytic  action  1 
ether;  the  paralysis  may  also  be  due  to  very  low  blood  pressure. 
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Factors  in  the  Respiratory  Effects.— The  undcniUnding  of  the  several  lactore  cou- 
oerncd  in  the  repimcor}'  cficct.s  is  essential  to  the  intelligent  conduct  of  anesthesia. 
The  factors  are  clasaihed  tiy  V.  HcndcPKin  and  Scarbiuiif;b,  1910,  as  follows: 

1.  The  Threshold  of  ExcUabiiiiy  j^r  Cafhon  Dioxid. — This  is  eievaitd  {ix.,  the  excita- 
bility is  depressed}  by  morphin,  chloroform,  and  deep  elhcHzation.  It  is  Jowmd  by 
light  etherizatiun;  by  the  acidosis  of  de&dent  oxygenation;  and  by  fear. 

3.  The  Carbon  Dioxtd  Content  of  the  BIcad. — This  acts  a&  a  stimulant  to  respira- 
tion.    It  varies  invcrwrk  as  the  respiratory  ventilation. 

3.  The  Tknshold  ofExritahUityfor  Afftrmt  Impuhes. — This  is  raited  (ix.,  nrs|Mrat)on 
is  depressed)  by  deficiency  of  carbon  (Fioxid  (acapnia);  and  by  morphin,  chloroform, 
and  ether.     It  ta  lov.'^red  by  fear. 

4.  The  iiUtHsUy  of  uffereni  itHfntlsti,  especially  pain  and  psychic  imprcsstotts. 

5.  Inhihilory  cerehral  impulses,  such  as  the  fortitude  o(  the  patient. 

The  several  anesthetics  art  diiTerenlly  on  these  factors:  Morphin  raises  the  iJirc^hold 
for  carbon  dioxid;  it  has  le^  effect  on  the  threshold  for  afferent  impulses.  It  quiets 
excitement. 

Chloroform  raises  the  threshold  more  for  afferent  impulscji  than  for  carbon  dioxid. 

Eiker  may  lower  the  carbon  dioxid  threshold,  whilst  the  afferent  threshold  roav  be 
elevated,  nence,  ether  tends  to  increase  respiration  (Fonleyne.  igoO).  so  mucli  so 
that  in  dogs  it  may  cause  fatal  atrapnia  (Ilcnderstm),  Most  ether  fatalities  occur  in  the 
preanesthetic  stage,  the  respiration  almoitt  utway5>  failing  before  the  heart  (Cun  nine  ham 
and  Anderson,  igo8).  This  tendency  maybe  neutralized  by  mcirphin.  The  respiratory 
excitement  during  the  early  stages  of  anesthesia  has  a  similar  tendency;  it  lovrera  the 
carbon  dioxiil  content  of  the  blood  and  thus  tends  to  subsequent  failure  of  respiration. 
Gofxl  surgical  anesthesia  obviates  the  development  of  acapnia  by  preventing  patn- 
hyperpnea 

Excessively  deep  anesthesia  paralyzes  respiration  by  raising  the  threshold  of  the 
respiratory  center,  and  by  diminishing  the  production  ot  CO1.  The  paralysis  is  cssen* 
tiaUy  central,  although  ,1  curare  action  on  the  phrenic  nerves  may  play  a  minor  |>art 
(Gitbcns  and  Mcltzcr.  1914). 

Anesthesia  before  pain  prevents  acnpnin  by  lessening  the  afferent  hypcrpneic  )ra> 
pulses.  The  induction  of  anesthesia  after  p«in  is  more  dangerous,  bec&uae  the  lowered 
«zcilabib'ty  during  liyperpnea  i^  apt  lu  lead  to  acapnia  [Henderson,  1910}.  The  acapnia 
adao  damages  the  heart,  so  that  it  succumbs  more  easily  to  chloroform  (Cathcart  and 
Oark,  1913). 

Stoppage  of  Respiration  is  Therefore  Most  Apt  to  Occur  With  Uneven 
-Anesthesia  (Ilcndt-rson,  191 1). 

Irritation  of  Respiratory  Passages.— Both  anesthetics,  but  especially 
^ther,  produce  irritation,  with  reflex  phenomena,  increased  flow  of  ?uiliva 
^nd  mucus,  and  sometimes  inflammatory  after-effects.  The  hyper- 
^tecretion  is  especially  marked  with  ether;  chloroform  proHucesonly  a  slight 
increase  during  induction,  and  practical  arrest  during  full  anesthesia. 
Timphyscma,  bronchitis  and  advanced  tuberciJoas  are  therefore  special 
<zonLraindications  to  ether.  The  increased  flow  of  saliva  and  the  ancs- 
<^}^csia  of  the  lar>'nx  are  apt  to  lead  to  aspiration  pneumonia  (Hoclscher, 
M.  £98).  Pneumonia  may  also  be  due  to  direct  irritation;  it  is  not  known 
which  has  the  larger  share.  It  is  much  more  common  with  ctJicr  than  with 
C_l~ie  other  anesthetics.  It  has  been  attributed  to  impurities,  especially  per- 
«>wds  (Bruits,  1895;  Smith,  lyi^s)-  Exces.sive  mucous  secretion  may  also 
j^roduce acute  suffocation  by  "inundation."  The/t>«gfjt'  during  anesthesia 
i^  apt  to  fall  against  and  close  the  glottis.  These  accidents  are  largely 
obviated  by  proper  position  of  the  head. 

Coughing,  retching  attd  vomiting  sometimes  occur  immediately  after 
»t^wting  the  administration;  or  later,  during  imperfect  full  anesthesia, 
c^^rpedally  with  ether,  being  partly  due  to  the  swallowing  of  mucus. 
Their  occurrence  indicates  that  the  anesthesia  shouki  be  deepened.  The 
*>-V»I>roach  of  vomiting  is  heralded  by  swallowing  movements.  If  it  can  not 
^>^^  Averted,  the  head  should  be  turned  to  the  side  and  the  opposite  shoulder 
ised. 
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X-ray  examinations  on  dogs  reveals  marked  diminution  of  gastric  toDc  under  cl 
form  or  ether  (Daron  and  Barsony,  igi4). 

Bronchial  Muscle.— i-Jxcised  tracheal  muscle  i&  relaxed  by  ether,  constricted  by  i 
reform,  in  v.t[>ijr-cuaccnlrat)oiu  sucbasoccur  in  anesthesia  (Trcndclenborg.  iQia). 
inuct  animals,  however,  chlorororm  produces  &liRht  dilation  (Dixon  and  Drodle). 
excised  Iuiik  (guinea  ptg),  temporary  dilation  Ls  produced  by  ether,  cblorofono  ; 
urcthanr  (Ractiraml  Pit  k,  igij). 

Blood-gases  in  Cbloroform  Ane5tb«sia.~Thc  gas  exchange  is  decreaicd;  in 
excitenu-nt  >tix^e  by  liyporpncic  ucapnia  and  mecbiinical  ot>slruction;  in  the  aneUl)».^Hr~teSc' 
stage  by  depression  of  the  center  (Y.  Hendenon;  Buckmaster  and  Gardner,  igr     ^bij] 
The  productiOD  of  CO:  during  anesthesia  is  only  oue-haU  to  two-liiirds  c^  the  ttonr^^cou/. 
The  CO]  content  of  the  blood  was  increased  from  25  to  ?fi  per  cent.,  the  o»>'Ben  conl^-     [^j 
reduced  from  13.6  to  8.1  per  cent.  (Gardner  and  Huckmaster,  lO'o).    The  blon^     — i  fe 
therefore  darkened.     Chloroform  secma  to  diminish  the  oxygen  MpOiity  «/  Ike  bl^   ~^^- 
for  the  diminution  of  oxygen  occurs  even  with  artificial  rc^iMrution.     Gan^taoo  cb^^^i^' 
thai  Ibis  lasts  {or  twenty  to  t\vcQty<livc  d3>-s. 

The  ens-metabolism  of  the  brain  U  depressed  by  60  to  90  per  ceol.,  proporilon^^Kit^. 
the  depth  of  the  narcosis.     With  ether,  the  COi  falls  less  than  the  oxygen;  the  rev— .^■ng 
is  true  of  morphin  (Alexander  und  Cema,  1913).     In  nenc  Jiberi,  direct  cxposuf^^  (;, 
low  (stimulant)  concentrations  increase  CO|  production,  wtule  apj^ttwrif  rfrmrr^  tm- 
lions  depress  it  (Tashiro  and  Adams,  1914). 

Ether  on  Circulation. — In  the  early  stages,  the  pulse  rate  and  bloorf  pres- 
sure are  increased  by  the  reflexes,  excitement  and  incipient  asphyrxiA. 


A 
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Pig.  j4, — Anetthctic*  00  circnUtion.  A.  Eth«f  on  blood  pre»«ir«  (do|).  The  ammBl  J* 
lifihUy  aacathetised  at  the  bttinning  ol  the  tnoog.  Tlu  etbcr  i>  paahed  »t  (a).  Tbev  m  PyT, 
tieally  iiu  efln:t  on  the  blood  pre««te.  «Men  afl«r  tea  tuioutci  (fr).  fl.  CUonft^m  tm  Heal  l"*f^- 
(dog).  The  inbalatMUi  u  tM^n  Lit  {ol  and  jniiihvd.  Tba  prMBBK  fall*,  witbovt  aj»-  p>»*^^ 
chanie  in  tb«  baart  (centr&l  vaiuimnmr  drpn-MJan).  The  ucMtbetic  u  witiidnwa  at  i^K  -V^ 
rwpintion  b  v«ry  thabow.  Anifif  inl  rcsptntion  it  started  at  (<)  and  tiappei  at  <jy.  The  <^'f^ 
ptnaufv  M  gnduatty  recovered.  C.  Etkyi  MerU  am  Uoo/  pfUtun  (doc>>  The  InhalaUoa  *■  '"*■ 
tinned  fnin  {a)  to  (b).     The  cflccta  arc  very  umtlar  to  tbo«e  ol  chktfotortn. 

During  anesthesia,  the  effects  are  similar  to  those  of  alcohol,  stimuliO 
rather  ihan  depressant:  the  cutaneous  and  cerebral  vessels  are  dilflie*' 
(also  with  chloroform,  Berczin,  1916),  the  iotestinal  constricted  (DerouiU*- 
190Q),  the  pulse  rate  is  increased  to  80  to  no,  and  the  blood  jirtssur*^ 
(Fig.  26J )  is  practically  tmchanged,  or  somewhat  above  normal  in  mu* 
(BtaucI,  iQo:).  The  face  is  reddened.  The  pressure  in  the  pulmonary 
artery  rises  even  if  the  carotid  pressure  remains  unchanged  (Wood,  19"). 
There  is  generally  some  venous  congestion,  especially  with  the  "closed" 
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melhods  (asphyxia).  The  threshold  lo  vagus  stimulation  is  raised  (Jack- 
son and  Ewing,  1914). 

These  indifferent  or  favorable  actions  on  the  circulation  persist  through 
the  stage  o(  surgical  anesthesia,  even  if  this  is  prolonged  for  hours.  In  the 
fmralylic  stage,  the  vasomotor  center  is  gradually  depressed :  the  pressure 
(alls  very  slowly,  the  face  becomes  pale,  while  the  heart  remains  practi- 
cally perfect  even  when  the  respiration  ceases.  It  can  therefore  usually 
be  revived  effectively  by  prompt  artificial  respiration.  Fatty  feeble 
hearts,  however,  may  be  affected  more  severely. 

The  vascular  effects  arc  central;  the  cardiac  changes  arc  mainly  the 
indirect  results  of  the  vascular  disturbance;  the  heart-muscle  (Bock)  and 
the  vagus  excitability  remaining  unchanged.  Concentrations  of  ether 
which  injure  the  heart  directly  can  be  reached  only  in  perfusions. 

Asphyxial  Effects  on  the  Ciradnthn. — Slight  mechanical  interference 
with  the  respiration  rather  improves  the  respiratorj-  movements  and  the 
circulation  by  stimulating  the  medullary  centers.  Severer  grades  produce 
venous  congestion,  extensive  bleeding  from  severed  vessels,  etc.  Pro- 
found asphyxia  leads  to  extreme  cardiac  dilation  by  paralysis  of  the  vaso- 
motor center  and  heart. 

In  light  ether  anesthesia,  1 2  to  16  per  cent.  o{  COi  in  the  air  raises  the  blood  pressure, 
but  slows  and  weakens  the  heart.  These  actions  are  much  less  pnmounced  in  deep 
anesthesia  (Cathcart  and  Clark,  1913).  The  secretion  of  cercbro-jpinal^fiuid  is  increased 
by  the  anesthetics  and  CO7  (Dixon  and  Halliburton,  1913). 

Vasomotor  Center. — Anesthetic  doaca  of  ether  produee  no  direct  effect,  or  moderate 
stimulation.  Thi;  «timu1atina  b,  probably  largely  asphyxial,  frutn  respiratory  depres- 
-non  (Pilcher  and  Sollmann,  1915). 

Effects  of  Chloroform  on.  the  Circulation. — These  are  much  more  se- 
rious than  those  of  ether.    Even  in  smooth  anesthesia,  the  pressure  falls 
fziarJcedly  {Fig.  26B)  by  central  vasomotor  depression.     Slight  faults, 
especially  early  in  the  administration,  may  produce  sudden  permanent 
arrest  of  the  heart.    ".\.C.E.  Mixture"  and  Ethyl  Chlorid  (Fig.  26C) 
act  similarly. 

/"«  ttomtat  chloroform  anesthesia,'  with  carefully  graduated  adminis- 

^*"ation,  the  pulse  and  blood  pressure  in  the  prc-amslkeik  stage  are  some- 

^'hat-  irregular,  but  generally  increased  and  the  face  flushwl,  similarly 

*<*    €rfiher.     As  anesthesia  is  reached,  or  shortly  after,  the  Uood  pressure 

^^^i*tes progressively  (I-enz,  1853;  English  Chloroform  Commission;  Blauel 

w»  rrkan);  in  an  hour  it  may  have  fallen  to  one-half,  in  two  and  one-half 

hours  to  one-third  the  normal  level  (Rosenfeld,  1896).     This  fall  of  pres- 

^^""^    is  primarily  due  to  depression  of  the  vasomotor  center:  The  vessels 

*^*^     dilated,  but  constrict  on  stimulation  of  their  nerves  (Schcinesson, 

<Sf>^^     The  depression  of  the  center  can  be  shown  directly  by  the  perfu- 

^^'^  method  (Sollmann  and  Pilcher,  igii).    The  dilation  involves  mainly 

i^,^    splanchnic  area  (oncometer,  Embley,  1902;  increase  of  blood  flow, 

S,*^  >  1^9)'    The  skin  becomes  pale  and  cold.     The  cerebral  vessels  con- 

^"^v?^*'  *^^P"'^  's  soft  and  slow  but  regular,  the  heart  beating  efficiently 

^*^*^  the  vasomotor  paralysis  is  complete  (no  response  to  asphyxia,  Knoll, 

^78),     The  respiration  also  remains  regular  and  efficient.     The  vaso- 

*<>tor  depression  is  not  necessarily  harmful  to  the  patient,  unless  it  be 

**cessive  or  prolonged. 

^     ^\1th  prol<mged  anesthesia,  or  with  the  approach  of  the  paralytic  stage, 

*)^  heart  is  injured  more  or  less  by  the  direct  action  of  the  chloroform,  as 

^U  as  by  the  low  blood  pressure  and  asphyxia.     It  is  also  very  probable 
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that  degenerated  heart-muscle  is  more  subject  to  these  injuries.    O^r^^J 
narily,   however,    the   vasomotor   paralysis   dominates   the    circulat  -^czz^rv 
phenomena  until  death,  the  heart  heating  after  the  respiration  has  stop^-r^  «d 
(Hyderabad  Commission,  1889  and  1S90),  although  il  may  not  be  a.  %3le, 
to  maintain  a  circulation. 

With  faulty  administration  the  events  are  quite  different.  Eices£^.m  -\-e 
concentration  of  the  chloroform  vapor,  particularly  when  the  anesth^^^  sia 
is  incomplete,  stops  the  circulation  i>eIorc  the  respiration  (Fig.  27).  T^laii 
is  the  usual  mode  of  chloroform  death  (Lancet  Commission,  1893). 

If  the  heart  u  exposed,  it  may  be  cantractinK  feebly,  even  after  the  reaptr^h>  ^boo 
has  stopped,  so  that  literally  the  respiration  stops  first;  but  these  feeble  beats.  <^tB 
not  propel  the  blood,  so   that,    in    fact,   the  circulation    usually   fails    before  ^he 

rcsplratioD. 
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PlO.  31-— Accu1«dU  irf  unstbatia:  A.  RbAm  ttoppBca  of  heart;  blootl  praatiK*.  dof. 
chlnrid  la  tohalcd  at   U>-     Th«  heart  and  reapinttiua  atop  pniniptly   (tnmiaujnna-* 
They  reaum«  aituntiioeotulir  after  two  tninutei.     B.   Direct  paraJyaia  cm   tarn  hart, 
aapbyxial  rise.     Ethyl  chlarid  inhalation,  blood  prcstarc,  dog. 

The  cardiac  arrest  may  be  due,  in  individual  cases,  to  direct  or 
vagus  stimulation,  to  asphyxia,  or  to  direct  paralysis  of  the  cardiac  mu«  _ 
or  generally  perhaps  to  a  combination  of  these  factors.     Refltrx  drculalt^^^^^^ 
disturbances  arc  roost  dangerous  in  ina>mplete  ancsthc^  where  the 
flex  response  is  active;  and  in  very  deep  anesthesia,  when  the  low  bk 
pressure  may  make  even  slight  rcllcx  changes  fatal 

LaryngeaUrrfiex  Syncopf. — Dcsoubry  and   Magnc,  1914,  confirmed   that   brus^^^Ji 
chloroform  inhibition  producer  complete  arrest  'of  heart  and  mpiratkm  in  doRS 
rabbits.     HoweveT,  if  abM>rpUon  of  the  chloroform  b  prcM:nted,  the  arrest  is  temj    " 
and  followed  by  rise  of  blood  pressure  from  splanchnic  constriction,     lo  thr 
fatal  result  therefore  the  toxic  action  of  the  absorbed  chloroform  plays  on  impor 
part  in  preventing  recovery  from  the  reflex  arrcsU 
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Vaiomoior  Center. — The  lueliminary  stimulation  is  niirtly  due  to  a  dirtct  action  of 
the  chloroform,  for  it  occurs  when  this  is  confined  to  the  cerebral  circulation  (by  per- 
fusing this  from  the  vessels  of  u  second,  chlorofonticd  aoimal;  Gadcell  and  Shore,  1893). 
Iq  part,  the  rise  of  pressure  is  also  reflex  and  asphyxinl.  The  vasomotor  center  becomes 
ilepres»ed  quilc  early;  f.t.,  the  noroiul  vascular  compcnsalloa  aj^nst  the  head-down 
poation  is  destroyed  (t.  Ilill,  iflg?).  It  does  not  Itccome  completely  paralyzed  until 
much  later  (Gaskcll  and  Shore;  Emblcy  and  Martin). 

In  their  perfusion  experiments,  Pilchcr  and  Sollmann,  iijis,  confirmed  that  the 
%'a5orootor  center  is  dcprci^scd  dirccOy  durint;  chloroform  ftne&theda.  Indirect  stimu- 
latioR  may,  however,  occur  when  aspnyxia  is  induced  by  respiratory  depression,  or  if 
the  center  becomes  suddenly  anemic  by  rapid  fall  of  btood  pressure  or  ca.rdiac  arrest. 
Under  such  conditions,  the  center  may  be  violently  stimulated,  with  or  without  pre- 
ceding depression. 

Coloroform  abottshe»  the  effect  of  pressor  reOexes  at  higher  levels  of  blood  pressure 
than  normal  (Pikherand  Soilmann}. 

In  an  intermediate  stage  of  chtoruform  anesthesia,  stimulation  of  the  vasomotor 
center  lowers  bloml  pressure,  since  chloroform  disturbs  the  reciprocity  of  antagonistic 
ner%-e*  so  that  afferent  stimuli  produce  only  inhibitory  cffecLi;  chloroform  causing  the 
inverse  effects  to  strychnin.  The  chloroform  vasodilation  may  therefore  be  due  to 
the  reversal  of  the  normal  pressor  impulses  of  the  cenler.  Asphyxia,  however,  still 
causes  vasoconstriction  (Ba>'lis9,  1908).  When  the  vasomotor  paralysis  is  complete, 
asphyxia  does  not  raise  the  pressure. 

The  tv-pical  fall  of  blood  pressure  occurs  with  all  methods  of  administration. 

Direct  Aciian  on   VrssAs. — Perfusiun  of  cxciswl  origans    with  thloroform  ^olutioos 

E reduce*  a  constrictor  effect  in  some  organs,  a  dilator  cPect  in  others,  especially  ihe 
idncys  (Schaeter  and  Scharlicb,  1904;  Emblcy  and  Martin,  1905;  Filchne  and  Bibcr- 
leld,  1906;  Campbell,  ii>ii).  The  rctjuircd  concentration,  however  (0.1  per  cent.),  ts 
almost  twice  as  etcat  as  that  which  kills  the  heart  and  jMiralyzcs  respiration  (0.06  per 
cenL);so  that  this  peripheral  action  can  play  no  part  in  chloroform  anesthesia  (Sherriog- 
too  and  Sowton,  1904). 

Early  Stoppage  of  IImtI. — Most  fatalilirs  with  chloroform  occur  during  the  induction 

<i  the  anesthesia,  by  sudden  arrest  of  the  heart.     Experimentally,  the  heart  will  often 

xesume  if  the  vagi  are  promptly  divided.     In  lhe»e  cases  the  arrest  is  due  to  sttmulatum 

^}  ike  m;u;  centfr.     This  may  be  rejiex,  due  to  nasal,  laryngeal,  tracheal  or  pulmonary 

Sniiation  by  the  chlMroform  vapor  (Dastre;  Murut;  Brrxlie  and  Rus^^ell);  but  it  may  also 

«5cnir  when  all  retlci  paths  are  eliminated,  or  on  intravenous  injection  (Embley,  1901); 

CiiuA  indicating  dirrxt  stimulali^n  of  the  vciiter.     Its  excitability  is  exaggerated  by  high 

croncenlralion^  of  chloroform  (ubuut  3  per  cent.),  by  morphin,  and  by  asphyxia.     Deep 

'aaesthesia  dulls  this  vagus  h)'perexcitability,  thus  explaining  why  these  accidents 

Svnetolly  occur  ut  the  start.     The  administration  of  atropin  wuuU  prevciil  this  form 

0/  fatality  completely. 

There  is,  howe\-er,  another  factor;  for  a  normal  heart  can  not  be  stopped  permanently 
oy  -vagus  stimulation,  direct  or  reflex;  with  a  chloroformed  heart  permanent  arrest  U 
«*aily  produced  (Emblcy;  Dcsonbry  and  Mogne,  1914*.  It  follows  therefore  that  the 
"*kI»  concentration  of  chloroform  vapor  must  have  injured  the  heart.  This  increased 
*^1»i iti vcnc3S  of  the  heart  may  be  fatal  apart  from  the  N'agus:  .\.  G.  l,evv,  191 1,  findl 
*«^_  Cat's  heart  in  early  rhlocoform  anesthesia  very  sensitive  to  high  blood  pressure 
'*I>i»iephrin'i,  death  in  this  case  being  not  avoidable  by  vagotomy  or  atropin.  Thia 
***"^«iiUon  disappears  in  deeper  anesthesia  and  was  not  seen  with  ether. 

Socin,  1914.  showed  that  chloroform  also  renders  the  excised  heart  less  resistant  to 
^^«^Chus  engurieemrnl  or  incre.iseil  arterinl  resistance;  i.e..  that  it  dilate*  more  easily, 
^"^ilarly,  excitement  may  stop  the  heart  of  tightly  chlorallzed  cats  (Sollmann,  1908). 
I  "^taley,  1915.  finds  that  eurty  chlorofurm  death  with  cats  ift  frequently  dwe  to  ventricu- 
1*^  CkbriUation.  With  do^,  this  was  never  witnessed,  except  as  a  terminal  result  uf  low 
P******!  pressure.  Henderson,  1914,  b  inclined  tu  atlribule  these  early  fatalities  mainly 
***  A-capoia. 

f^^_X>trfci  Ctrdiac  Dfpressivn  by  Chloroform. — Tliis  was  demonstrated  on  the  excised 

^"^"^a'  heart  by  Clemens,  1850;  on  the  exposed  mammalian  heart  by  Snow,  1852. 

»       TTw  exciifd  mammaiiati  kf\irt  (Langcndorfl  method;  Sherrington  and  Sowton,  190,';) 

''*^'<V5  sirikincly  the  difference  between  chloroform  and  eiticr.     The  chloroform  de- 

^■"ts^sion  occurs  very  promptly  (within  two  minutes)  and  with  much  lower  concenlra- 

"^•is.  than  arc  required  for  the  vessels.     It  consists  in  a  lessened  force  of  the  contrac- 

^•Jrkn^tl,Bnitel»einR  Iiul  lilllenUcred,     The  auricle^  are  less  affected  than  the  ventrirJes. 

.  '^  (.-ffcct  is  proportional  to  the  concentration  of  the  chloroform,  and  indepcodeat  of 

*>*^   aljsolulc  quantity  and  of  ihe  time  of  |K;r[usion.     The  heart  rrf-ov*ri  at  once  when 

^^  chloroform  is  removed,  unless  the  concentration  was  excessive  (0.15  per  cent.),  in 
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irhicb  case  fibrillary  coQCruclions  appear  and  Kcovtiy  i»  impos^blc.     Ether  has  macii 
less  action,  and  alcohol  U  practically  harmlc&s  even  when  a  per  cent.  U  prtscni. 

The  quantitative  di^erence  in  the  cardiac  dcprcftsaat  action  of  these  narcotics  is  iUtu- 
tnitcrl  by  the  results  of  Diebitlla,  1S94,  on  perfused  fro)^'  henris:  I{  the  fatal  dote  o£ 
chloroforni  betaken  as  one,  that  of  ethyl  bromid  would  be  13;  of  ether  48;  of  alcohol  194. 

That  the  heart  may  be  dinrctly  dcprfs.scd  bv  chloroform  in  the  intact  anim^  vu 
shown  by  Scheinesson,  1868,  who  found  that  the  blood  pressure  fell  even  if  vaAocUladoD 
was  largely  excluded  by  damping  the  aorta.  Bock  employed  the  same  prtadpte 
more  perfectly,  with  the  same  results.  This  method  involves  high  concenlratloas  o( 
chloroform. 

OrdfrwryA>Mceii/rii/iof(j  also  wcitkeQ  the  heart  somewhat  (lesseoed  systolic  amplitude 
and  rapid  dilation;  M.icVVilli3m,  1890;  t'mbley,  1903);  t>ut  this  may  possibly  M  the 
result  of  the  fall  of  bloud  pn-^ure.  However,  the  cunceatr&tion  of  chlorofonn  in  th« 
blood  which  b  required  for  anesthesia  (0,035  P*^  ccnL)  is  not  ver>*  far  removed  from  that 
which  paralyses  the  heart  (0.06  per  cent.;  Pohl,  1S91);  so  that  there  is  probably  some 
direct  cardiac  depression  cwn  in  "safe"  ancsthraia,  and  the  margin  of  safety  is  quite 
small.  Levy  .inn  Lewis  loij,  also  found  th.-it  low  concentrations  of  chloroform  pro- 
duce marked  cardiac  irregularity  (idionathic  ventricular  contractions)  in  cats.  He  *  ' 
and  Xolwl,  i^tj.  observed  disturbetl  conduction,  sometimes  to  Cfimplele  aurici 
ventricular  dissocia-tlon.  In  some  exiKriments  thi:^  could  be  removed  by  va^otom; 
atropin,  but  in  utben.  it  could  not,  indicatini;  an  action  on  Ibe  bundle.  In  pcrfiuett 
heatis,  and  doubtless  also  in  living  animal.s  the  depressant  action  of  chloroform  is 
greatly  increased  by  COi,  and  ihercforc  by  asph>-xia  (Sherrington  and  Sowton,  1906). 

The  pressure  in  the  fnUmcnary  arirry  falls,  through  the  cardiac  and  resiiiratory 
depression  (Wiggers,  1911). 

With  frogs' hearts,  the  depressant  effects  of  anesthetics  can  be  antagonised  by  nitdmm 
(Butridgc,  igtj). 

Actions  on  Blood. — These  are  not  important  in  ordinary  anesthesia.  Ethe*  and 
chloroform,  like  all  fat-^vcnts.  produce  kfmoiyns  when  added  to  sbcd  blood;  and  an  Ia- 
Mgnificant  degree  of  this  action  seems  to  occur  during  life:  examinatinn  of  the  Mood 
shows  a  polycythemia,  due  to  diminution  of  the  plasma.  'Ilie  hemoglobin  is,  hnwe\-ef. 
reduced,  ^me  coqiu-icte^  are  destroyed  eutirdy,  others  lose  only  part  of  tneir  bcnw 
globin.  Since  a  diminution  of  hcmoglobio  to  50  per  cenL  is  dangerous,  it  U  never  <afe 
to  use  anesthetics  on  patients  showing  only  60  [ler  cent,  of  bemogtobin  (Da  Costa  acd 
Kalteyer,  1901). 

It  is  conceivable  that  this  hemoK-sis  explains  partly  the  anemia  and  i£tenu  whkA 
are  sometimes  seen;  but  these  may  also  be  caused  by  hepatic  changes. 

CoaguiatiiMt  Time  of  the  Bleed. — This  is  shortened  by  ether  anesthesia.  CUoroforw 
and  chloral  have  no  effect  if  the  coagulation  time  is  normal;  but  lengthen  it  if  abnoi- 
mally  short.  Mendenhatl,  1915,  suggests  that  these  clianges  are  due  to  disturbed  intcc- 
actton  of  the  liver  and  adrenal  glands. 

When  aclde<l  dicccily  to  bloo<i,  comples  effects  arc  produced  on  coagulation.  Chloro- 
form and  ether  render  antithrorabin  ineffective.  Ether  also  weakens  the  throffibin  ac- 
tion; chlornfnrm  does  not,  nor  does  it  convert  prothrombin  into  ihromhin.  TTie  quao- 
titles  used  were  much  higher  than  in  anesthesia  (Minot,  191 5). 

The  rp<cific  gravity  nf  the  blooil  is  somewhat  increased  during  aneslheiia  and  for 
several  days  after  (Sherrington  and  ('opeman).  Buck,  1914,  descnba  marked  decrease 
of  the  glcihulins  after  about  two  hours  of  chloroform  or  ether  anestheda.  The  viscMty 
of  the  blood  is  slightly  increased  in  deep,  diminished  in  light  anesthesia,  but  ont  to  aa 
important  degrtt-  (Burton-Opit/,  1911).  The  osvuMic  Pressure  is  a  triOe  increased  by 
the  molecular  concentration  of  the  di&«olved  anesthetic  (Carlson  and  Luckhardt,  loott). 
The  fat-content  of  the  Wood  is  increased  by  ether;  chloroform  has  this  cBect  only  wfaca 
the  animal  has  been  on  a  (ni-rich  diet  (Bloor,  1914). 

Disappearance  of  Fihrincgen. — Profound  chloroform  narcosis  diminlshra  or  abolishes 
the  coagulability  of  the  blood.  Thiii  change  U  noticeable  after  thirty-iive  minute*  of 
anesthesia.  In  extreme  cases  the  fibrinogen  may  l»c  completely  absent.  This  cficCt 
is  connected  with  the  injury  to  the  liver,  similar  to  that  uf  phosphorus,  and  is  not  pro- 
duced by  ether.  The  coagulability  rec-overs  with  the  repair  of  the  bepa^  Icsaoos 
(M.  Doyoo,  1913;  Whipple,  1914). 

Tbe  ehoUiifriif  canitnl  of  the  blood  does  not  show  any  significant  changes  in  surgfcal 
ether  anesthesia  (F.  C.  Mann,  rgi6). 

Temperature. — Chloroform  and  ether  catisc  abotit  an  equal  fall  of 
temperature. 

In  ordinary  operations  on  man  the  fall  is  irom  1  to  4''F.f  averaging 
about  3.5°F.  (H.  A.  Hare,  18S8);  much  more  in  prolonged  operations 
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on  animals.  It  is  not  markedly  increased  by  the  ordinary  dosage  of 
morphin.  The  fall  is  due  mainly  to  increased  heat  loss,  from  the 
narcosis  of  the  temperature  regulation,  aided  by  the  cooling  action  of 
the  vapor  and  by  exposure.  It  can  be  prevented  by  external  heat  (the 
room  temperature  should  be  above  26.5**C.  =  So^'F.)  and  by  keeping 
the  skin  dry  (S.  G.  Davis,  1909).  These  precautions  are  important, 
since  chilling  favors  the  occurrence  of  shock  and  of  postanesthetic 
pneumonia.  Warming  the  vapor  has  been  advocated  (Gwathmey, 
iQoS);  but  the  loss  of  heat  from  this  source  would  be  insignificanl 
(fioothby,  1913). 

Reflexes. — ^Thc  gradual  abolition  of  all  spinal  reflexes  produces  com- 
plete muscular  relaxation  in  the  anesthetic  stage — an  impurtaul  surgical 
Advantage  over  nitrous  oxid  or  cocain  anesthesia.  The  relaxation  and 
Teflexes  are  also  valuable  for  judging  the  depth  of  the  anesthesia;  but  dif- 
:ferent  patients  vary  considerably  in  the  degree  to  which  reflexes  in  general 
OkTc  depressed. 

Tbc  leOcits  dbapiicar  ia  a  rather  d^Jiniic  or4fr.  Among  the  last  to  disappear  are 
"tht:  corneal,  lar>'ngeAl,  pha.ryDKcal,  rectAl,  vesical,  peritoneal  and  genital.  The  patellar 
srSex  persists  very  late.  Tlic  movements  of  paralysis  agitans  cease  during  anesthesia 
^iS  they  do  in  sleep.  With  chloroform,  the  depression  of  the  reflexes  is  strikingly  parallel 
-Co  the  chloroform  content  of  the  blood.  No  initial  stimulation  of  rcBcx  eiccitability  is 
xioCiceaUe  {vxn  Leeuwen,  101^]. 

The  StHJory  Component  is  Deprfistd  Before  the  Motor  ComP^vncnt. — In  the  early  stana. 
satioa  is  bluntetf  while  motion  ii  unimpaired  nr  indeed  increased.  The  psychlCAl 
idition  is  similar  to  alcohol,  but  the  facilitation  of  motor  proces&cs  is  early  obscured 


y-w  ibe  Mrnsory  depression  (Kraei)e1in,  iSgf).  In  the  deeper  stages,  the  sensory  cells 
^zf^  the  spinal  cord  arc  paralyzed  before  the  motor  cells;  If  chloroform  is  restricted  to  the 
j«.ppeT  half  of  the  cord,  so  that  this' will  not  react  lo  rcdcxcs  from  the  upfier  extremities, 
2  C  will  i.till  reapond  lo  impulses  from  the  unpoiaoned  sensory  cells  of  the  luwer  curd 
^  3e^n'^letn).  The  response  to  direct  stimulation  of  the  cord  disappears  first  from  the 
^j^«m>i)ry  posterior  columns  (Flourcus,  1847).  Eventually,  however,  the  motor  cella 
jT  l*ft  become  inexcitable. 

Forbes  and  Miller.  igi6,  conclude  (from  the  oction-currents)  that  the  efferent  im- 
fysjUcs  are  blocked  before  they  reach  the  cerebral  cortex. 

The  cerebri  motor  eorUzis  also  depressed,  but  luses  its  excitability  only  in  very  deep 
^^*»«the*ia  (IlitziK.  iS;.;)- 

Ether  as  an  Intoxicant — The  resemblance  of  the  earlier  effects  of  ether  to  thttse  of 
^Icohal  has  led  to  its  use  ss  an  intoxicant.  It  Is  said  that  ether  drinking  is  a  common 
f  ^mi  of  dissipation  in  Ireland.  The  cflccts  ar«;  produced,  and  pa^s-t  off,  mote  promptly 
\xua  vilh  alcohol  (Discus^^ion  and  literatjre.  J. A.M. A.,  64  :  16S,  1915). 


r 


General  Protoplasmic  Poisoxts  and  Local  Irritants. — The  anesthetics, 
00  direct  appticatinn,  narcotize  all  celLs,  of  the  lower  organisms,  as  well 
a*  of  the  higher.  This  is  preceded,  at  least  in  some  cases,  by  evidences  of 
stimulation.  The  concentration  required  for  irritation  is  greater  than  is 
"^^ched  from  systemic  administration.  At  the  place  of  application,  how- 
ever, the  irritation  is  quite  marked.  Chloroform  is  more  irritant  than 
•t-her,  with  equal  concentrations,  and  can  be  employed  as  a  rubefacient 
and  even  vcificanl, 

,.  Tfa«  irritation  is  due  largely  to  ceapdatum  of  the  protoplasm.  The  cause  of  this 
"^ers  in  the  \'arioufi  members.  In  the  case  of  aicokal  it  rests  ui>on  mthdrawal  of  water, 
^*  ctinscriucnlly  all  proteins  arc  aficclcd;  chlorifjorm  has  a  marc  marked  action  upon 
^^Jttiiitt  tespeci-illy  myosini,  and  ethtr  upon  albumins  (especially  egg-albumen). 

^tlflienl  Action  on  Nerves. — Direct  application  of  salutior;s  or  vapors  of  the  volatile 

***U»etKs  to  a  nerve  lowers  its  conductivity  and  excitability,  changes  the  pi>IaruLaUon 

l^*ller.  1896;  Alcoclc.  i(>o6;  Hcthc,  looft),  and  abolishes  the  action-current  (Forbes, 

•^Inicrsh  and  Scfton,  1916).    The  sensory  fibers  succumb  before  the  motor  (Longtl). 

*^  f^nductivUy  ej  the  nerve  is  lowered,  as  well  as  its  excitability;  for  if  a  nerve  is  ex- 


572 


MAXUAL  or  PHARMACOLOGY 


posed  to  ether  viipor.  btimulatioa  at  the  proximal  end  ceases  to  be  effecLual  ies  <L^£b 
sooner  than  at  the  distal  end.  The  excitability  is  recovered  if  the  ether  is  washed  c»C^^  in 
time.  With  chloroform,  recovery  is  more  difficult.  The  concentrations  require**  '•or 
these  peripheral  ctlects  are  greuter  than  can  exist  in  living  smmals;  the  motor  ^k.^iu1 
seiuory  aerves  remaining;  cxdtahic  even  in  profound  anesthesia;  nor  Is  the  conduct)  -^r'^^ty 
lowered  during  life  tFurbc^,  Mcintosh  and  Scftoo,  1916). 

Narcosis  of  a  nerve  ditninishrs  Us  COi  production  materially.  Ixiwer  roncrr*  *-  na- 
tions increase  the  CO;  (Tashiro  and  Adams,  1914). 

The  undLlute<l  anesthetics  when  inircted  dirrc-tly  into  a  n«Tvr  produce  a  circ  «-^h- -XD* 
scribed  neuritis  (caution  in  subcutaneous  or  intramuscular  injections). 

Special  Senses. — The  odor  and  nc«rt  taste  of  chloroform  and  ether  show  a  pcript»^K-.xiI 
stimuI-iUon  of  these  sense  orsans. 

Cunre  Action. — ^.^uer  and  Meltzcr,  1914,  found  that  deep  ether  anesthesia  prod-«.B  ^cxc 
a  moderate  drprwston  of  the  motor  endings.     Chloroform  docs  r»ot  h^ve  this  e^W^^l 
(Githeos  and  Mduer,  1914).  

Muscle. — All  forms  of  muscle  arc  depressed.  Chloroform  further  causa  a  spc^z^  ^ufic 
figor  of  the  muscle  when  .ippLied  directly  or  injected  into  an  artery-  (Kussmaul,  !**■  ■^8: 
CI.  Bernard).     It  also  coagulates  the  enlracled  muscle  proteins  (Fucrlh,  tBg&). 

Unter. — The  contr.ictions  are  depres.*ed  by  chloroform  in  li«og  anlmaU,  e»er^        "^y 

doses  vhich  do  not  affect  the  respiration  or  circulation  (Lucas,  1906  and  IQO?)-     '^r~bc 

inhalation  of  chloroform  therefore  relieves  the  ureteral  spasm  of  ratal  c«lk.    E«-^t»er 

stimulates  the  contractions. 

,    Ciliary  movement  {;k  in  the  frog's  pharynx}  is  arrested. 

The  narcotic  cilccts  on  infusoria  were  ob»erved  by  CI.  Bernard,  1876. 

Phagocytosis. — This  is  slimulnted  by  «mall  cuncentrations,  armted  by  hi^c3 —  ^^ 
(H.  J.  Hambureer,  191 1).  The  stimulation  is  tirobably  due  to  asphyxia,  since  ij  ^  *  "^'° 
or  Carbon  itioxld  produce  the  same  effect  (Ilamuurgcr.  191  5). 

During  surgical  ether  anesthesia,  a  Uncocytosis  sets  iri  slowly,  usually  after  oi»^^  ,'* 
four  hours.    It  concerns  mainly  the  polymorphous,  but  the  other  forms  are  b1m»         ^*" 
creased.     It  appears  to  be  due  to  stimulation  of  the  bone-marrow.    The  phaxoc  ~ 
activity  is  not  decreased,  even  after  four  to  six  hours  of  anesthesia  (F.  C.  M* 
1916). 

In  plants  the  narcotics  abolish  protoplasmic  movements;  cause  pUsmotysb;  supf^ 
the  gross  movements  of  the  Sensitive  Plant  (Mimosa  pudica),  etc.     Small  amoi 
Increase  metabolism.     Exposure  to  chloroform  and  especially  to  ether  vapor  has' 
blooming  (Keeble,  1906). 

Vermifuge. — Chloroform  has  been  employed  for  the  expulsion  of  tapewonns; 
the  effective  doses  are  loo  irritant  and  toxic  to  make  its  use  odxHsable. 

Antiseptic  Action. — Chloroform  is  fairly  antiseptic  (Strassmann,  18S8;  SoJkoi 
1891),  and  may  t>e  u»cd  as  a  prcser\'ative. 

Ether  has  come  into  some  prominence  as  a  surgical  antiseptic.     It  is  applied  on  1 
presses;  and  for  flushing  the  peritoneum  after  perforation  (Souligoux,  191  j).     Sali 
1916,  reports  it  as  satisfactory  and  generally  without  untowarfTafler-effecls  or  c« 
plications.     He  injects  the  liquid  ether  tiefore  closing  the  sutures,  about  100  cc 
adults;  30  c.c.  for  children  above  one  year. 


Cutaneous  Irritation.— The  evaporation  of  the  volatile  ancsthec^ 
cools  the  skin.    Local  anesthesia  by  freezing  may  thu.s  be  produced  ( 
"Ethyl  Chlorid").     With  ether  and  especially  chloroform,  the  ctwU 
is  succeeded  by  a  burning  sensation  and  rubefaction.    li  evaporatiot 
prevented,  this  may  proceed  to  vesication.    Chloroform  is  therefore  it*- 
as  an  active  countcrirritant  {Unimenlum  citloroformi^  U.S. P.:  ChlorofD 
30,  SoapLiuimcul  70;  B.P.:  Chloroform  50,  Camphor  Liniment  50). 
irritant  action  on  mucous  membranes  is  even  more  >*ioIent. 

Gastro-intestinal  Tract. — The  inhalation  of  the  anesthetics  gcnci 
leads  to  nausea  and  WOTiVing,  probably  partly  central,  partly  due  to  U 
irritation  and  to  the  swallowing  of  mucus.  Etherization  somcwl 
slows  the  passage  oj  food  through  the  alimentary  canal  (Cannon,  191 
Paresis  of  the  intestines  occurs  commonly  after  laparotomies;  but  thi 
mainly  due  to  the  opwrative  procedures  (Cannon),  although  V.  Uenc 
son,  1909,  states  that  ether  acapnia  may  also  prtxluce  this  result. 
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administration  of  ether  and  especially  chloroform  causes  con- 
siderable gastric  irriialion.  In  milder  degree  this  produces  a  carmina- 
tive and  anodyne  efTecL,  which  ia  uselul  in  colic  and  dyspepsia  (Spintus 
Aetheris,  5  c.c,  i  5 ;  Spirits  Chloroformi,  2  c.c,  j-oS ;  Aqua  Chloroformi, 
jij  c.c,  40).  Spiritus  AetJieris  is  also  employed  as  a  reHex  "dijusibh 
imulant" 

//  ttker  is  taken  into  the  stomath,  it  is  r&pi(!ty  volatilized  and  larger  quantities  dis- 
the  organ,  MimctimM  so  much  a9  to  interfere  u'ith  rcspir&don;  it  mny  even  pro- 
ce  rupture  of  the  organ.     Il  al»u  causes  ci>u$iderub)c  locn)  irritation,  and  cortsequently 
lempomry  leucocytosis. 

Pupfls.— These  furnish  valuable  information  of  ihc  cfTicicncy  of  the 
Il-.xcs  and  asphyxia;  and  therefore  of  the  depth  and  course  of  the 
anesthesia.  They  are  dilated  in  the  excitement  stage,  with  the  light  reac' 
lion  moderately  decreased.  This  dilation  cedes  with  the  approach  of 
otusthesia.  In  man  there  is  an  actual  constriction;  the  light-reaction  is 
diminished  or  abolished;  the  eyes  are  turned  inward  and  upward  as  in 
^leep.  The  constriction  persists  throughout  the  anesthetic  stage  and  into 
recovery.  With  ether,  the  diameter  averages  3V2  to  4^^  mm.;  with  chloro- 
form, I  to  3  ram.  If  the  anesthesia  deepens  they  usually  dilate;  with 
lighter  anesthesia  they  become  smaller.  However,  their  behavior  is 
easily  modified  by  reflexes,  respiratory  embarrassment,  etc.;  and  should 
be  occasionally  ascertained  by  intentionally  changing  the  depth  of  anes- 
thesia. Constricted  pitpiis  usually  mean  that  the  anesthesia  is  light. 
Dilation  may  either  mean  deep  anesthesia,  asphyxia,  or  reUexes  with  light 
anesthesia.  If  iJie  corneal  reflex  is  present,  dilation  should  lead  to  more 
rapid  administration;  in  the  absence  of  reflexes,  to  lighter  administration. 
Sudden  and  extreme  dilation  generally  signifies  dangerous  asphyxia,  Mor- 
phin  and  atropin  interfere  with  these  reactions. 

If  The  rdcct  of  aQesth«3t&  is  identical  witK  that  of  stc«p  and  is  due  to  the  alioUtioD 
■  the  cerebral  imptdses  which  normally  inhibit  the  constrictor  tone  of  the  oculomotor 
■Dtcr.  As))hyxia,  on  the  ulhcr  haad,  increases  this  inhibition  (Braunslein,  1^4). 
r  The  Pupillkrf  Reactions  of  Aninuls. — These  are  somewhat  different:  all  show  the 
B&tioD  in  the  excitement  and  asphyxia!  stajfes,  and  the  abolition  of  the  light>rcflcx 
Soring  anesthesia;  but  the  anesthetic  miosis  is  wilne<&ed  only  ocra-iionally  in  Jogs, 
never  in  cats  or  rabbits.  In  these  animals  the  pupils  assume  a  median  position.  The 
TOg's  pupil  Is  not  affected  by  anesthesia  (Kiika3uw»,  igio). 

The  Corntal  and  Caniunctivat  Rejicx. — -These  dui.ippcar  vcrj-  late,  as  in  all  modej  of 
Icalk.  O.  Bernard  fouml  that  the  conjunctival  rellex  disupjtears  before  the  corneal  in 
ktber  anesthesia  and  in  asphyxia;  whilst  the  corneal  rctlex  disappears  nret  in  death  by 

ror  slrjirhnin. 
Absorption  and  Excrettoo. — Chloroform  and  ether,  like  most  other 
thcmically  indifferent  vapors  and  gases,  are  absorbed  almost  instantly 
jlpni  the  lungs,  and  excreted  promptly  and  almost  quantitatively  by  the 
Bme  channel.  A  small  part  is  probably  excreted  by  the  urine.  Absorp- 
lon  from  the  stomach  and  rectum  is  also  ver\'  prompt,  and  may  be  utilized 
'or  anesthesia. 

Rtiention. — The  percentage  of  the  anesthetic  in  the  expired  air  is  at  (ir^l  much  leas 

in  the  inspired.     It  begins  to  rise  after  two  minutes,  but  remains  considerably 

>w  the  inspired  even  after  ten  minuter  (Btodic  and  Wlddows,  1906).    This  shows 

I  Actual  retention  of  the  anesthetic,  ;vhich  b>  reflected  by  the  percentage  in  the  blood 

cmaster  and  Gardner,  190;).     Hatcourt,  1006,  states  that  at  the  end  of  half  an  hour 

1,  about  one-third  of  the  administered  chloroform  has  rem.iintd  in  the  body; 

this  time  but  little  further  retention  occurs. 

Tki  tscretinH  of  vuUtlle  anesthetics  through  the  lungs  is  a  merely  phyMcal  process, 

'         1  to  ihcir  evaporation  from  aqueous  solutions.     It  depcods  more  upon  tludc 

and  affinity  for  water  than  on  tlu-ir  boiling-point  (Cushny,  r^io). 
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Tfac  ctrebro-spinal  Jiuid  also  coatalns  small  quantlUcs  of  chlorofoim  when  iLi'i  ^*  u 
inhaled  (Hnid,  i«)ii). 

Destruction  of  Chloroform  in  the  Body. — A  fmall  amount  of  cblorofonn  U  dc<r«:^B>- 
posed  in  Iht  li>:*iii,-s,  wtlh  ihc  pnHlui.tion  of  chlorid  (excreted  by  the  urine;  ZeDer,  iS*-^3)t 
and  catboo  monoxid.  The  quantity  of  the  latter  is  too  smalt  to  produce  any  effi-  ■-"1*. 
This  decomposition  occur»  also  in  shed  bloud  (Nicloux,  1910). 

Concentration  of  Anesthetic  in  Inspired  Air. — The  anesthetics  eac^^Sst 
in  the  blood  and  tissues  mainly,  if  not  solely  in  physical  solution:  the\'  ^M*re 
therefore  absorbed  and  excreted  by  the  alveolar  blood  in  proportiori.  to 
their  concentration  in  the  alvc<ilar  air,  until  the  whole  system  of  air-bl<xi»^- 
lissues  is  in  equilibrium.  Since  the  exchange  is  rapid,  the  quantity  «f 
anesthetic  in  the  tissues  at  any  given  moment  depends  essentially  on  «_*w 
concentration  (partial  pressure)  of  the  anesthetic  vapor  in  the  inspiT-^sd 
air  (P.  Bert).  The  action  is  determined  essentially  by  this  concentrati*^*". 
and  onlv  in  a  minor  degree  by  the  absolute  dose  of  the  anesthetic  A 

knowledge  of  the  concentrations  is  therefore  important. 

The  effective  concentrations  for  the  respired  air  have  been  delermiK^^^^ 
experimentally,  mainly  on  animals;  but  they  agree  for  all  mammals:  &.«^" 
according  to  available  data,  also  for  man  CBerl,  1884;  Dresser,  iSq^). 

Boothby,  1916,  finds  the  "anesthetic  tension"  (the  partial  press""-*  *'* 
of  elhcr  vapor  which  maintains  anesthesia  indefinitely,  aiter  it  has  b<—  ^'^ 
established)  as  47  mm.,  equivalent  to  about  6.7  volume  per  cent,  . 

With  ether,  light  operative  anesthesia  can  be  maintained  with  ab*::^  "** 
6  per  cent,  (volume)  of  ether  vapor  (18.5  mg.  per  loc  c.c.  of  air); 
narcosis  (abolition  of  reBexes)  requires  10.5  per  cent,  volume.    The  f. 
concentration  is  ii  per  cent.     For  chloroform,  the  corresponding  con 
trations  are,  for  light  anesthesia,  1.35  volume  per  cent.  (6.8  mg.  in  100 
of  air);  deep  narcosis,  1.65  per  cent.;  fatal,  2  per  cent.  (Kochmann,  191 
The  anesthetic  zone  between  the  minimal  anesthetic  and  the  fatal  dosc==' 
much  wider  for  ether  (viz.,  5  percent.)  than  for  chloroform  (0.^15  per  ccn 
This  is  one  reason  for  the  greater  safety  of  ether.    Another  difference 
that  the  deep  anesthesia  can  be  maintained  almost  indefinitely  with  eib 
whilst  chloroform  kills  within  one  or  two  hours  {Rosenfeld,  [8q6).     T 
time  Jactor  therefore  plays  a  part  especially  with  chloroform  (also  on  a 
count  of  the  postanesthetic  degenerations).    On  the   other   hand,   tt^",>^~ 
concentration  may  rise  momentarily  above  the  fatal  limit,  biucc  the  atC^^^-^^^^ 
sorption,  although  rapid,  is  not  instantaneous. 


The  above  Gj^ures  ato  those  of  Kochmann  and  his  puptt&.    The  older  eiperimm 
geaeralty  gave  lower  numbers,  probably  due  to  analytical  error*.     Thus,  SpCDJM 
i804i  stated  the  efTective  volume  per  cent,  of  ether  as  y$  per  cent-;  fata),  6  per  cm 
(or  chlurofurm,  Rosenfeld,  1H96,  named  1  per  cent,  as  anesthetic,  1.65  per  cent,  as  ( 
The  various  results  are  collated  by  Ritsc hel  and  Stange,  1893. 

Concentration  of  Chloroform  in  Practical  Anesthesia.— For  inducing  nnnrhriii 
I  per  tent,  chloroform  vcipnt  is  insufl'itient:  ;  per  cent,  is  generally  effectivpi  less  tiki 
this  must  \it  used  in  pulhoto^c  conditions,  but  requires  a  longer  lime  to  estabUsh  na 
cosu.     Even  3  per  cent.  m.ay  be  ncces&ary  in  exceptional  cases.    The  majdinuin  limi' 
of  safety  i&  placed  at  a  percent,  by  Waller;  at  1  to  1.5  per  cent,  bv  F.mblej'.     ThcrcfofT, 
ai  Boon  as  anesthesia  is  reached,  the  concentration  must  be  gradually  reduced  to  1 
cent.,  and  after  half  an  hour  even  Uiwcr  (Alcock,  1009;  Levy,  1910) 

F.ven  perfectly  adjusted  mixtures  arc  not  absolutely  safe.  In  practice  the  i 
venienccs  of  exact  vapor  mixtures  arc  generally  held  to  outweigh  their  advantaflS.^ 
However,  the  above  figure.*^  are  fairly  approximated  in  the  ordiitar^  methoda  of  admEoiv^ 
tntion.  Th(  air  undrr  the  crdimiry  mask  hn^  been  found  to  contain  generally  from  t  tc^ 
9  per  cpnl,  uf  <.hliir..fnrm.  ;in<l  with  raiiid  ajipliratiun,  up  to  4  jier  cent. 

Concentration  of  Anesthetics  :n  Blood  and  Tissues. — This  has  been  investicatei^ 
especially  by  Ntcloux,  H)Ob  to  1908;  Tinwl;  Mansion  artd  Ttssot,  IQ06:  Sicard.  tgoA* 
According  to  these,  the  arterial  blood  contains,  with  complete  anesthesia  of  chlofufonB^ 


ETHER   AND   CHLOROFORM    C.ROVP 


575 


0,033  to  0.0s  per  cent.  {0,014  to  o.ojS  according  to  Buckmastcr  and  riardncr);  of  ether, 
0,13  lo  0.4  per  cent.  At  death,  the  chloroform  concentration  avcrases  ooS  per  lent. 
(o.o6  per  cent,,  Pohl;  0.04  per  cent.,  Buckmastcr  and  Gardner);  ether,  0.16  lo  aj;  jier 
teul-  The  concectralion  01  Ibe  venous  blood  U  somewhiU  lower,  since  (he  anesthetic 
is  gi^-en  off  to  the  tissues.  This  difference  h  of  course  especially  larRr  before  cquilihrivim 
ti  reached.  The  left  heart  b  therefore  exposed  to  a  higher  coDcenlration  than  the  right, 
espccLilly  if  the  anesthetic  15  '"piished"  (?ohI,  1801). 

The  distribution  of  the  chlorofomi  in  the  tissues  is  related  to  their  content  of  lipoid 
matter  (Prison  and  Niclmix,  11^07);  esnecially  of  rhole^tcrin  and  lecithin,  in  which 
chloroform  is  much  more  soluble  th»n  m  water.  Blood  therefore  absorbs  cansider- 
ttMy  more  chloroform  than  does  sail  solution;  and  the  iwrccntoge  is  two  and  one-half 
to  eight  limes  greater  in  the  red  corpuscles  than  in  the  plasma  (Pohl,  lAji;  NilIoux, 
1906;  Buckma^ler  and  Gardner,  1007V.  twice  a!>  great  in  brain  (0.057  P'^''  ccni.  at  death) 
than  in  liver  or  muscle  (o.oi6  per  cent.).  Adipose  tissue  is  a  curious  exception,  since  it 
contains  no  more  than  muscle.  Waller,  1904,  states  that  only  15  per  cent,  of  the  chloro- 
form when  added  to  blood  ran  he  recovered.  Wuh  rlhrr,  whirh  hiw  a  relatively  smaller 
affinity  for  lipoids,  the  percentages  in  all  the  tissues  arc  practically  equal  (Nicloui). 
It  should  be  added  that  Gucnlcr  and  Hoelscher.  1906,  contradict  these  litatcmentA  of  the 
French  olKcrver-i.  and  claim  that  there  15  im  difTcrciite  in  the  ijcrccntagc  of  chloroform 
in  the  blood,  brain,  liver  and  tudncy;  provided  that  the  inhalation  of  a  Rix*cn  concen* 
tratioo  is  kept  uniform  until  cquililirium  becomes  established. 

EUminitioil. — When  the  lUtfsthetir.  is  discaniinue4,  the  greater  )>art  dtiapptan  very 
rapidly  from  the  hlcod:  Within  five  minutes,  the  pcrecntagc  of  ether  or  chloroform  has 
fftUen  to  one-half.  Thefin.}l  rliminalioH  is  more  gradual:  With  ether,  there  axe  traces 
in  two  hour^  but  not  in  lour  hours.  With  chloroform,  the  concentration  falls  to  only  a 
seventh  in  three  hours,  and  traces  are  present  even  in  seven  hours  [Nicloux). 

Ether  on  Uriae  Flow. — This  is  diminished  during  the  aneilhewa  (e.g.,  Hawk,  1911; 
GinsbcrR,  1012;  MacNider,  1913),  presumably  by  tliK  altered  circulation  and  perhaps 
also  by  the  irritation.  (Kemp,  1890,  described  contraction  of  the  renal  vcsslcs  with 
diminished  kidney  volume;  but  acmcding  to  Buxton  and  Levy,  this  occurs  only  in  over- 
dosage, and  then  as  a  part  of  the  general  circulatory  disturbance.)  As  soon  as  the  anes- 
thesia is  terminated,  tnc  flow  intrciises,  the  output  being  above  normal  for  several  day^. 
The  specific  ^avity  is  also  increased.  This  diuresis  is  proportional  to  the  duration  of 
the  aneathe:«ia  (W.  U.  Thompson;  Hawk,  190S,  tpii,  dogs;  Pringlc,  Maun»ell  and 
Pringlc.  human,  1905).  In  surgical  patients,  the  urine  output  is  often  dimiAtsbed  by 
restriction  of  the  water-intake  (Kpstcin,  Reiss  and  Branowcr,  1016). 

Ether  on  TTitrogen  Eicretion.— This  Ls  «liminishcd  durint;  the  anesthesia  (Pringie, 
1005);  it  i>  then  intieased  for  twenty-«ighl  to  forty-eight  hours,  depending  but  slightly 
«o  the  duration  of  the  anesthesia.     The  total  increase  may  amount  to  45  per  cent.;  but 
js  (energy  smaller,  and  therefore  much  less  than  with  chlororoim  (Hawk,  1908). 

Bth«r  Glycosuria. — Ether  anesthesia  sometimes  causes  temporary'  b}'pergiyccmia  and 
^ycosuria  fanimals.  Hawk,  1904;  Shaffer.  1914;  human,  Rochricht,  1905).  Tliry  occur 
^so  on  intravenous  injection  (King,  ifoyle  and  Haupt,  1913).  They  are  due  to 
sncreaiicd  hepatic  glycogenolysis,  for  they  do  not  occur  if  the  liver  is  excluded  from  the 
«dlrculation  (King  und  co-vrorkers,  1911);  and  are  more  intensive  in  well-fed  dogs  than 
Sn  lasting  (Hawk,  1911).  Tbe^  occur  after  division  of  the  splanchnics  (King,  etc., 
»'0'i).  Ether  and  nitrous  oxid  also  incrcisc  the  glycosuria  and  D  -f  N  ratio  in 
■^hl'-rhizin  diabetes,  the  extra  sugar  being  derived  from  glycogen,  probaWy  through 
■C-iistic- asphyxia  (San^um  and  W^<M>ayatt,  1915). 

Hawk,  191 1,  attributes  the  ether  glvcosuruL  to  dyspnea.  <irube,  iqii,  believed  that 
dlt Cooling  was  a  factor;  but  Roks  and  Hawk,  i9i4,  tmd  that  the  glycosuria  is  not  due 
Co  fall  of  temperature.  Ross  and  ^fcGuigan,  i^tS,  claim  a  direct  action  of  the  ether, 
»Ad  that  asphyxia  and  excitement  arc  nut  esaentml. 

RexuU  Irritation. — Poslancsthclic  albuminuria  occurs  in  about  one- 
fc>urih  of  ether  anesthesias,  and  about  one-third  of  chloroform  (Wunder- 
^'ch).  Tube  casts  are  also  common.  With  previously  sound  kidneys, 
^^  renal  irritation  usually  disappears  in  a  short  time.  In  patients  with 
^^MX>nic  nephritis  there  may  be  fatal  suppression  of  urine;  but  patients  with 
t^rrie  albuminuria  are  often  etherized  without  bad  cffecls.  Chloroform 
^*  apparently  somewhat  more  injurious  than  elher,  but  the  difference  i5 
not  very  marked. 

Aevtoouria  is  also  ^-erj-  frequent  after  ether  or  chloorform  anesthesia  (F..  Ilecker, 
M95:  Beesly,  ii;o(i;  Marshall  and  Rowntree,  1916;  ethyl  chlorid,  Telrofd,  1906;  cvctt 
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after  local  cocain,  Oundrum).  With  ether,  it  is  not  much  influenced  by  the  duratioa  (^ 
the  anesthesia;  fa<itint;  muy  be  u  factor  (Chulfttiit,  lyis).  U  >n  murecdtnmon  nith  ibe 
dorsed  than  with  the  open  methods  of  administration.  Children  are  more  suscepliUe. 
Bic&rbonatc  has  been  ad^nscd  as  prophylactic. 

Acidosis.— Kt her,  chlnrofornt  or  ni'trous  oxid  anesthesia  may  reduce  the  alkaiii 
hydrogen  ion  concentration  of  the  blood  to  neutral  (,Ji  «  ?},  proportional  to 
depth  mid  (iuratk'ii  of  the  anestlioju  (Mcnten  and  Crilc,  iqis)- 

Pheoylphthalehi  Output — The  "functional  capacity"  of  the  kidney,  as  measured 
by  this  test,  is  Rcacrally  somewhat  decreased  by  ether  anesthcsin.  The  effect  is  tbei 
greater,  the  InnRCr  the  anesthesia.  The  output  ii  lowet  soon  alter  the  operatic 
returning  to  normal  in  twenty-four  to  forty-eight  hours.  Kxccptionally,  there  may  be 
no  decrease,  hut  even  an  incre-asc;  or  the  decrease  may  Uc  very  large.  It  has  no  relation 
to  albumiuuria.  All  shock  ant]  collapse  conditions  lower  the  phthalein  output  TR.  R 
Miller  and  Cabot,  1915:  Epstein,  Kciss  and  Branower,  1916).  Whipple  and  Speed, 
J91S,  also  found  the  phtnalein  output  lowered  after  ether,  p>araldch>-ti,  chloral,  chloro- 
form or  .ilcohol  anesthesia.  They  observed  that  Kck's  fistula  produced  lowered  output, 
as  also  phosphorus,  and  therefore  attribute  the  effect  to  disturbance  of  Uwr  function. 

Anesthetics  in  Experimental  NephritiE. — In  dogs  rendered  polj-uHc  and  glyctwuHe 
by  tuJmliir  uranium  ncplirilis.  MacNidcr,  1013,  found  chloroform  anesthesia  much  mofvj 
damaijiug  ihan  ether.  In  fiill-^nnvn  aniniiik,  chloroform  promptly  arrested  the  urinaf 
flow,  so  that  it  would  not  respond  to  diurctica;  it  made  the  histologic  lesions  much  monj 
marked.  Tlie  damage  was  much  U-^s  in  young  animals.  Ether  produced  but  littlej 
effect  even  in  adults.  (Young  puppies  arc  remarkably  tolerant  al&o  to  tbcotben 
of  chloroform;  Whipple,  igta.) 

Chloroform  on  Uitae  Flow. — In  man  thw  diminishes  steadily  during  anesthesii 
(Bovcc.  1909).  Animals  also  usually  show  this  decrease,  due  to  the  low  blotxl  prcs«>ure 
with  diminished  kidney  volume  (Thomson  and  Kemp,  iS^o)-  Thompson,  1906,  often 
ct»er\'ed  increased  diuresis  in  the  carlv  st.igej.  and  invariably  after  recovery. 

Chloroform  on  Nitrogen  Metabolism. — Chloroform  anesthesia  inrrtases  the  lotdli 
nitrogen  excretion  (especially  dn  carnivorous  animals),  and  the  ammotiia,  allantou 
diarm no-acid?,  ]Kii>'pepliiis,  creatinin  and  organic  sulphur.     It  drcrfma  the  ejccrttie 
of  urea  and  of  monamino-acids  (Strassmann,  1889;  Saltcowski,  i88g.  Nod  Paton.  il 
Vidal,  1897;  Rostuki,  1901;  Howlandand  Richards,  igog;  Lindsay,  1911).    The  jncreMt' 
wrsisis  for  some  days  and  mav  amount  to  300  per  cent.     These  changes  indicate  an 
iiuffasfd  destrtiflhn  hul  incsmplrU  oxidation  of  the  proletnt.     They  are  umilar  to  tboM  of 
phosphwru^  l«iisijning,  and  probably  depend  on  the  hepatic  lesions. 

The  fliicTid.  fxcrttton  is  increa;»ed  durinR  and  after  the  anesthesia. 

Chloroforni    Glyco8uria.~Thi*   n   quite   common   in    ordinary    nncsthcsia.      The 
disturbance  is  probably  analogous  to  ether  (h>'perglycemia;  K.  L.  Scott,  1914)  but  ■ 
profound.     There  is  some  dispute  as  to  whether  other  reducing  substances  beside*' 
dextrose  are  present  (Hawk,  tqii).     Chloroform  diminishes  the  tolerance  to  galactose 
and  Icvuloac  (Marshall  and  Rowntrcc,  1915). 

Delayed  Chloroform  Poisoning  (Postanesthetic  Toxemia). — The  pro- 
longed administration  of  chlaroform  is  often  followed  by  fatty  degcners*. 
tion  of  the  liver,  heart,  kidneys;  leading  to  profound  toxemia,  vomiting,' 
prostration,  icterus,  and  coma,  which  isoften  fatal.  These  resulti  are  ver\* 
exceptional  with  ether.  Postanesthetic  toxemia  is  especially  common  witK 
children;  and  in  patients  with  acetonuria,  diabetes,  hepatic  disorders 
(Elildcbrandt,  1913),  cyclic  vomiting,  rickets,  or  wasting  diseases. 

Symptoms. — The  importance  of  late  chloroforni  [K>isoning  seems  to  hav«  been  first 
recognized  by  Bcvan  and  Tavill,  1905;  although  rases  luid  been  reported  prexiouilya 
The  symptoms  start  after  ten  to  one  hundred  and  fifty,  generally  twenty-four  to  fortyu 
eight  hours;  the  intervening  time  l>eing  indistinguishable  from  the  normal  course.'' 
Tncy  consist  in  profuse,  sometimes  incessant  vomiting,  6rst  billious.  then  blood-aiained; 
excitement  and  delirium,  alternating  with  apathy  and  prostration;  dilated  pupils; 
rapid  pul»e;  icterus;  unconaciouaiicsa  deepening  into  coma.  Death  occurs  in  four  to  five 
days  (Ht-rb.  191 1). 

The  blood  generally  shows  retention  of  non-protein  nitrogen,  urea  and  amino  adds, 
nmilar  to  phosphorus  poisoning,  though  less  Intensive  (C  K..  Marshall  and  Rowntree, 

1915}- 

A  natomic  Ltsums  in  iht  Livrr. — These  consist  in  extensive  vooiolualion,  fatty  dcfni- 
eralion,  Rwellinfc  and  necrosis  of  the  celk,  es[)ecially  alxiut  the  central  veins  (Nothoagel. 
i8t>6;  Ungar  and  Junker;  Wells,  1906;  Howland  and  Richards,  1909;  Whipple  and 
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Sperry,  iQog;  Hcrti,  ion).  The  iclrnis,  tlie  ili»a|ipcarancc  ot  fibrinogen  from  the 
Hood;  ihe  diminution  of  liver  lipase  \vith  increai^  of  plasmn;  kidney  and  musdc  Upas« 
(Qmnon,  1015);  ihe  delay  of  the  biliarj*  excretion  o£  phcnoUetrachlonjhtlialein  (Whip- 
pie  and  pupUe,  iQi.O;  theclian);<^^in  tnclnholism;  and  theoccoAional  occurrence  ofleiiciD 
and  tyro<>in,must  be  referred  lari^cly  to  the  hepatic  le«oiu,and  arc  acalogous  to  acute 
yellow  atrophy  and  to  phosphorus  polsnninK,  H.  G.  Wdls  suggests  that  they  are  dae  to 
ckeckiDS  of  the  synthetic  processes,  whilst  the  autolytic  activity  is  untmp&ired  (Quinan). 
(Laige  dOMs  of  olher  un<:^theticj  (urciluuie,  Sultmurm')  cuuse  similar  degeneration.)  In 
«ninul<  wUch  recover,  the  liver  changes  tend  to  return  to  normal,  even  when  there  has 
been  extensive  necrosis  (^^'hipplc  and  Sperry,  igoo).  Mosiman  and  Whipple.  1912, 
iound  that  puppies  and  feti  arc  less  subject  to  the  hepatic  necrosis;  and  that  pigeons, 
frogs  and  ttrriipm  set-m  to  be  immune. 

Histoloi^c  Cbaages  in  Other  Organs. — The»e  are  also  important.    Fatty  and  degen- 

«radve  ch.tngrs  are  «*en  in  the  epithelium  of  the  straight  and  convoluted  tubules  ofthe 

kidneys  (Howlandand  Kichards;  .^pperly,  1913);  in  the  pancreas  (Whipple  and  Sperr>'); 

in    the  suprarenal  corte:t  and  other  gl'nnd&  of  internal  secretion   (ScagUone,   1915)- 

Involvement  of  the  heart-muscle  sometimes  dominates  the  symptoTna,     Degeneration 

of  ihe  cardiac  ganglia  has  been  described  (Slrassmonn,  1898).     Small  hemorrhagic  foci 

«xiit  In  the  KHStro-intcstinal  tract,  mesentery,  pleura  and  pericardium  (Herb).     Thew 

Ustologic  lesions  can  be  produced,  especially  in  young  doga,  by  chloroform  anesthesia 

lasting  two  hours  (Whipple  and  Sperry,  1909;  Wliipple  and  Hurwilz.  191 1).     Repeated 

chloroform  anesthesia,  with  rabbits,  produces  deRenerati\'e  changes  also  in  the  central 

■tcrve  cells  and  ihi^se  of  Auerbach  and  Meissncr  plexus.     So  do  many  other  poisons,  but 

^M)t  ether  (Li&sauer,  1914). 

Cragin  and  Hull,  iqii,  point  out  the  similarity  of  the  late  chloroform  phenomena  to 
^etampsi-i,  and  suggest  that  chloroform  would  be  much  more  injurious  than  ether  in  this 
condition. 

McCruddcn,  191 3,  finds  that  chloroform  Is  more  apt  to  produce  fatty  changes  of  the 
X'abbitS  heart  after  nrbhrrrlomy.     Ether  docs  not  do  this. 

Rdotion  to  AcidAsit. — Lesions  resemhlinR  delayed  chloroform  poisoning  occur  in 

Z3»ny  intoxications,  among  others  in  acidosis.     Graham,  1915,  assumes  a  causative  rcla- 

Kion.     He  points  out  that  the  oxidation  of  chloroform  and  other  arudogous  halogen 

compounds  may  lead  to  the  production  of  HCl,  and  believes  that  thiis  w»uld  produce 

^  rirlmii    and  thu^  the  degenerative  changes.     \t  has  never  been  shown,  however,  that 

^mich  oxidation  actually  lalics  place  in  Ihe  body,  especially  to  a  degree  that  would  over- 

<r<DTnc  the  vcr>-  eflicicnt  defense  mechanisms  neutralizing  acidity.     It  U  also  diflicult  to 

^:^pLain  away  the  obscr^-ations  of  similar  degenerations  after  chloral,  urethane,  ether, 

j:»fcosphonis,  etc.,  which  certainly^  are  not  oxidized  to  acidii. 

ExperitHeHlal  Bepatic  Cirrhosh. — This  occurs  after  repcatetl  administrations  of  chlo- 

form  (.\lertens,  1896;  Herter  and  Williams,  1905).     U  is  favored  by  the  presence  of 

teri.il  infei  tions  and  may  then  proceed  to  acute  yellow  atrophy  (Opie,  1910). 

Intravenous  bljectlon  of  ether  (krgc  dosai  in  rabbits)  causes  destruction  of  Uver 

sue,  with  extensive  thrombas  formation  (prevented  by  leech  extract),  'ITie  mechanism 

evidently  altogether  different  from  ordinary  chloroform  degeneration  (1..  1-oeb,  1906; 

»eb  and  Meyers,  19:0). 

Kapeated  Anesthesia  on  Growth. — Schnpiro,  lyoS,  found  marked  retardation  in 
^r-owns*  cats  anesthetized  every  morning  and  evening  for  forty-eight  days.  When  this 
"■^  ■•  '  discontinued  the  animals  caught  up,  at  least  portly  with  the  controls.  The  effect 
C  IrK^rrtfore  has  no  practical  importance. 

Other  After-effects  of  Anesthetics.— These  are  mainly  due  to  the  irri- 
*-^-»t  action,  and  may  therefore  occur  with  either  aaestbetic.  They  may 
*^*^  recapitulated  as: 

^    Casiric  Trritation,  Xaiisra  and   Vomiting. — Almost  universal;  varies 
^'^^•^h  duration  of  anesthesia;  less  with  open  methods. 

Tympanites. — Especially  after  abdominal  operations;  the  anesthetics 
*-*~^  only  contributor>'. 

Rmal  IrriUUion. — About  equally  frequent  with  cither  anesthetic. 

AspirtUum  Pneumonia. — More  frequent  after  ether. 

CHOICE  OF  THE  AWESTHETIC 

This  is  determined  by  the  particular  conditions  of  the  patient  and  of  the 
ition.     Safety  should  be  the  first  consideration;  but  the  depth  and 


578 


M^\NUAL   or   PHAHMACOLOGY 


duration  of  anesthesia,  the  comfort  of  ihe  patient,  and  the  convenience  of 
the  operator  are  also  very  important.  The  principal  anesthetics  which 
deserve  consideration  are:  General  Anesthesia  by  ether,  chloroform, 
nitrous  oxid,  or  ethyl  chlorid,  with  or  without  morphin  and  scopclamia; 
Spinal  Anesthesia;  and  Local  Anesthesia, 

For  short  operations,  local  anesthesia  by  cocain  or  similar  drugs,  or 
by  freezing  should  be  preferred.  Where  these  are  not  practicable,  nitrous 
oxid  or  ethyl  chlorid  arc  used.  Nitrous  oxid  is  the  safer.  It  is  practically 
devoid  of  danger  in  short  anesthesia. 

For  longer  operations,  the  advantages  of  general  anesthesia  outweigK 
the  disadvantages,  as  compared  with  spinal  anesthesia.     Chloroform  is 
far  more  dangerous  than  ether  or  nitrous  oxid;  although  with  practi< 
experience  the  acute  dangers  raay  be  greatly  reduced.     The  chief  im- 
mediate risks  are  in  the  induction  period.     The  danger  of  postanesthetic 
toxemia  makes  its  employment  in  prolonged  oijeralions  almost  criminal. 

Advantages  of  Chlorofona.~lts  continuance  in  practice  is  due  to  it 
convenience  for  patient  and  operator:  Its  action  is  much  more  rapid 
that  of  ether;  it  induces  the  most  profound  anesthesia  and  rclaxatio 
it  does  not  have  the  disagreeable  taste,  causes  less  suffocation,  less  cxcit 
mentj  and  less  postoperative  nausea  and  vomiting.  These  disagrccabl 
features  of  ether  can  be  largely  avoided  by  proper  administration  (prc^ 
liminary  gas.  and  open-drop  method).  At  their  worst,  they  are  not  enough 
to  offset  the  dangers  of  chloroform.  These  should  only  be  risked  in  emer- 
gencies; when  prompt  anesthesia  is  amperati\-e;  in  brain  surgery,  ather* 
oma  and  aneurism,  where  the  lowered  blood  pressure  is  advantageous;  and 
possibly  on  the  battlefield  to  increase  sjieed  and  lessen  bulk.  It  has  no 
advantage  over  ether  in  renal  disease,  and  but  little  in  respiratory  diseases. 

Specific  Contraindications  to  Chlorofoim  are:  advanced  heart  disease. 
Graves'  disease,  hemorrhage,  prolonged  operations,  and  the  conditions 
which  favor  acidosis. 

Chloroform  in  Obstetrics. — It  is  quite  generally  believed  that  the  use 
of  cbluruform  in  childbirth  is  relatively  safe  (J.  Hill,  iqi6).  This  is 
explained  partly  by  the  lesser  apprehension  of  the  patients,  and  partly  by 
the  light  degree  uf  anesthesia  or  rather  analgesia,  which  ordinarily  suffices. 
For  deep  anesthesia,  it  is  probably  quite  as  dangerous  as  in  other  patients, 
and  presents  the  added  disadvantage  uf  delaying  labor  and  thus  favoring 
postpartum  hemorrhage.  The  analgesic  dosage  does  not  cause  serious 
delay.  The  anesthetics  pass  into  the  fetal  circulation  (Jung,  1914);  and 
prolonged  anesthesia  is  doubtless  as  injurious  to  the  child  as  to  the  mother. 

Chloroform  Analgesia. — A  li^ht  chloroform  ajiesthe«a,  ii  used  to  duU  the  exciubtlitjr 
yf  the  central  nervous  system,  in  ^iit  or  Imomnia;  and  to  chvck  epupuisums,  as  those  M 
strj-chnin.  tetanus,  or  cclatn|«ia.  It  is  especially  useful  in  the  onset  uf  these  cnndttinos: 
when  Uie  convubioas  arc  fully  developed  it  must  be  used  cautiously,  to  a\*old  uphyxia. 

For  the  production  of  the  Ei^ht  ani^thc^ia,  chloTafnrm  is  preferred  to  ether,  since  it 
can  be  more  casilv  regulated,  and  its  effects  arc  more  lasting. 

A  very  deep  degree  uf  anc<ithe3ia  is  employed  in  redtuing  difloc^ations,  to  relaJt  tbe 
tone  of  the  opposing  muscles. 

Ether  u  probahly  safer. 

Ether  and  nitrous  oxid  arc  practically  equally  safe  tn  odinar>'  case&. 
Ether  has  severa-i  advantages:  it  is  more  easily  administered;  it  gives  more 
complete  relaxation,  less  asphyxia,  and  less  rise  of  blood  pressure;  so  that 
the  condition  of  the  respiration  and  circulation  are  more  nearly  normaL 
Its  administration  is  simple  and  does  not  reqtiire  as  much  experience; 
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ether  being  perhaps  the  safest  anesthetic  for  long  operations.  The 
disagreeable  features  of  its  administration  can  be  practically  avoided  by 
sicilltul  administration.  The  advantages  of  nitrous  oxid  appear  especially 
in  the  cases  in  which  ether  is  specifically  contraindicated. 

Contraindications  to  Ether. — The  irritant  action  contraindicates  its 
use  (and  also  that  of  chloroform)  in  renal  disease,  and  in  a^ute  respiraiory 
disease  (colds,  bronchitis).  In  these,  nitrous  oxid  is  preferred,  although 
ether  is  often  employed  without  damage.  Chronic  respiratory  disease 
is  not  a  contraindication,  unless  there  is  actual  dyspnea  (emphysema). 

Ckildrni  are  especially  subject  to  ether  irritation,  resulting  in  respira- 
tory embarrassment  and  choking.  Ether  favors  bleeding,  especially  in 
parts  in  contact  with  iho  vapor;  it  is  therefore  not  popular  for  operations 
of  the  mouth  and  larynx.  In  brain  tumor  or  athrroma,  ether  and  especially 
nitrous  oxide  may  prmluce  apoplexy;  local  or  spinal  anesthesia  should  be 
preferred.  Advanred  heart  disease  makes  all  aneslhetics  more  dangcroua. 
In  this  respect,  ether  and  nitrous  oxid  arc  about  erjual;  both  should  be 
preferred  to  chloroform.  The  danger  is  proportional  to  the  myocardial 
degeneration,  rather  than  to  the  vahnjlar  lesion:  With  fair  compensation, 
ether  can  be  used  safely;  indeed,  the  circulation  may  be  rather  improved 
during  the  anesthesia.  In  advanced  fatly  degeneration,  it  is  better  to 
employ  local  or  spinal  anesthesia.  In  kot  climates,  above  9.5°E.,  ether 
is  vaporized  so  rapidly  that  its  use  by  the  ordinary  methods  is  difticult. 

Nitrous  Oxid. — This  is  the  safest  anesthetic  for  short  operations.  If 
the  anesthesia  lasts  longer  than  an  hour,  it  becomes  somewhat  more 
dangerous  than  ether  even  in  the  hands  of  experts;  and  much  more  dan- 
gerous if  experience  is  limited  (lievan,  1915).  It  is  more  pleasant  to 
take;  it  causes  no  irritation,  and  but  little  excitement  or  gastric  disturb- 
ance. It  has  little  or  no  influence  on  immunity.  There  are  practically 
no  after-effects.  According  to  Crile,  it  lessens  the  tendency  to  shock. 
It  is  especially  preferred  for  short  operations,  and  for  excitable  and  neurotic 
patients.     Old  individuals  are  good  subjects. 

Disadvantages. — On  the  other  hand,  the  muscular  relaxation  is  less 
complete;  it  causes  more  or  less  asphyxia  and  abnormal  rise  of  blood  pres- 
sure; it  is  exjiensive;  and  it  requires  special  apparatus  and  special  experi- 
ence for  its  successful  administration.  It  is  not  appropriate  for  children 
under  three  years,  since  their  thorax  is  too  feeble  to  withstand  the  asphyxia. 
Obese  or  anemic  patients  are  also  unsuitcd  to  all  anesthetic  methods  which 
interfere  with  respiration. 

Statistics  of  Anesthetic  Mortality. — No  reliable  statistics  of  suflicicnt  extent  riin 
be  available  until  the  reporting  of  all  anesthfrsia^,  (;ood  and  bad,  is  ci.'>mpuUory.  tven 
then,  the  ratio  of  "bud  risks"  will  be  indclinilc.  The  exisling  statistics  therefore  give 
only  a  rough  idea  of  the  relative  danficr;  hut  since  they  aKrce  fairly  well,  they  are  worth 
considering.  Modem  American  statistics  arc  eivcn  by  Gwathracy,  1911.  According 
lo  ihiC  various  compilations,  ihc  acute  mortality  for  ihloroform  \&  glveD  a&  I  :  1,000, 
I :  ),075,  2,500,  3.000,  3,000,  3,soo,  3,700,  5,900;  a  fair  estimate  would  seem  to  be 
1 :  3.500.  This  does  not  take  account  01  the  delayed  deaths-  For  rlkrr,  the  figures  run 
I  :  5,100,  14,000,  14,600,  16,500,  i6,Soo,  33,.!oo;  the  average  vould  be  perhaps  1:16,000. 

(Foi  A.C.E.  mixture,  the  ratio  is  1  :  3,370;  fur  ethyl  bromid,  t :  5,400;  fur  eikyl  tfUorid, 
1 :  3,000,  7,oQo;  for  nitrous  oxid  m  short  oiieralions  (denlislrj'),  less  than  1  :  5,000,000. 

Anesthetic  Mixtures. — The  attempts  to  blend  the  actions  of  anesthetics 

by  mixing  them  have  been  unsuccessful,  mainly  Iwcause  the  ingredients 
do  not  volatilize  \vith  equal  rapidity  (Snow).  The  composition  of  the 
in^ired  anesthetic  is  therefore  absolutely  uncertain.  Asa  rule,  the  con- 
centration of  the  chloroform  increases  during  the  administration.     These 
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mixtures  are  therefore  at  least  as  dangerous  as  chloroform,  and  should 
be  condemned  (^Kochmann,  1905). 

The  principal  mixlurea  of  this  type  are  the  Kng/iVA  .4.C.K.  mixture,  Inlroducerf  by 
Harlcy  [Ai_;  C,;  Ki);'  Biilratk  mixture  (Ai;  Ci;  Ei);  C.  E.  mixture  o]  llm'itt  (C,;  K,^ ; 
ScldtMh  mixture  (benzioe  i  :  Ci :  Em).  Other  mixture*  containing  ethyl  chlorid  or 
bromid,  etc.,  have  also  found  ad\-ocatcii.  The  alcohol  and  benzine  of  these  mixtures 
were  intended  mainly  to  raise  or  lower  the  boiling-point,  but  iKnzinc  is  not  iodifferent. 
The  stat«^ment  of  Scnaefcr  and  Scharlieb,  that  the  addition  of  10  per  rent,  of  alcgbol  to 
chloroform  practically  prevents  the  fall  of  blood  pressure,  nteAi  confirmation.  How- 
ever, There  seems  to  be  »ome  combination  between  ether  and  chluruEorm;  for  on  mixing 
equal  volumes  (a^  c.c.)  the  temperature  is  said  10  rise  14'C.  (Martelct,  191  ^^ 

Synergism  of  Ether  and  Cbloroform.  — Uonigmann,  189Q,  and  Kiunka  aod  Rrocnig, 
1905,  believed  that  there  is  considerable  potcnlialion  when  the  vapors  of  ether  and  chlo- 
roform are  used  lofiether  in  definite  profiortions;  while  MadelunK.  lO'o.  and  Buergi, 
1910,  found  only  simple  summation  (F'uehncr,  1913,  also  for  mixtures  of  ether  with 
methyl  alcohol  or  ethyl  alcohol).  The  diflcrence,  according  to  Iiamkoehler,  IQ13.  U 
due  parllv  to  unreLiablc  methods,  partly  to  the  depth  of  ancsthe^tia.  He  finds  (oo 
rabbits)  Inat  (here  is  only  simple  summation  for  light  anesthesia  and  for  fatal  concen- 
trations; but  a  sitKbt  potcntiatjnn  for  deep  anesthesia.  This  is  {[rcAtcst  when  the 
ratio  of  the  vajwrs  (by  wcijjht)  i?  C:E:  :  i  :  6  or  7,  and  disappears  with  1  :  j  or  t  :  S. 
Thesafetj-  zone  is  widened  :i  Xn([c  by  f.d. 

CombmBttoQ  with  Aliphatic  UypnoticB. — This  gives  rather  complex  results  (Barten. 
1013;  ordinary  hypnotic  doses,  combined  with  innalation,  rahlMts):  with  ether,  chloral 
and  veronal  do  not  materially  lower  the  vapor  concenlration  required  for  light  ar>estbe- 
&itt;  but  reduce  that  for  deep  anesthesia  by  30  iicr  cent.,  and  puraldehyd  c*'en  by  50 
per  cent.  The  zone  of  safety  is  normal.  With  chloroform,  chloral  and  veronal  auo 
reduce  the  dcv[>-Bncsthesia  concentration,  but  still  more  the  fatal  concentration:  to 
that  the  danger  is  greater.  Paraldehyd  acts  as  with  ether,  so  that  its  use  would  tc 
advantageous. 

Maa^eM  and  HamburKer,  luts.  believe  that  ether  artually  pnlentlales  with  chloral 
or  morpbin.  by  favoring  their  distribution  into  the  nervous  system. 

Sequence  Anesthesia. — A  more  rational  method  of  combining  the  ad' 
vantages  of  anesthetics  is  to  employ  them  in  sequence;  particularly  ti 
induce  anesthesia  by  the  pleasant  and  promptly  i.cling  niirotis-uxid 
oxygen  inhalation,  and  to  continue  it  with  ether.    This  probably  present^- 
the  nearest  approach  to  an  ideal  anesthesia. 

Chloroform  was  formerly  used  for  the  preliminary  anesthetic,  but  presents  considf 
able  danger.     Ethyl  chlond  may  be  employed  successfully.     Nitrous  oxid  wr 
oxygea  is  not  so  sjitisfaciory,  because  the  ether  must  be  pushed  rapidly,  to  avi  . 

fihyxia  or  return  of  ounsciousne^'^.  .ind  the  concentrated  vapor  is  apt  to  cause  smiat 
arynuca!  spasm  (CunninRham  and  .Xndcrson.  1908).     Hc\vitt  endorses  the  Kqui 
of  C.  v..  mixture  f  lo  two  to  six  minutes),  with  the  gradual  additiun  nf  ether,  fay  the  1 
method.     Changing  from  full  ether  anesthesia  to  chloroform  is  especially   duigcriiv- 
(Hewiu). 

Morphin^  Scopolamin,  Atropin  and  Strychnin  Preliminary  to  Anestfa^ 
da.^One  or  several  of  these  druj!s  are  often  injected  hy(>odennic&ll 
half  an  hour  before  starting  the  operation.    They  lessen  the  anxiety 
the  patient  and  avoid  some  of  the  dangers  of  anesthe^a.    Tlie  doses  c 
gi\'cn  below  may  be  combined. 

Morpkin  (10  to  15  mg.,  ?^  to  )r^  gr.)  is  most  effective  in  lessening 
prehension,  excitement  and  struggling.    Labbe  and  Guyon,  1872, 
the  first  lo  use  it  clinically.     It  makes  anesthesia  prompter  and  smooth^^ 
It  reduces  materially  the  quantity  of  anesthetics,  and  thereby  the  ga&tr 
pulmonary  and  tctic  a/ter-cfTects.    The  patient  does  not  an*aken  sw>  ear 
Since  the  morphin  nar(x>sis  involves  an  entirely  different  mechanism,  l_ 
side  effects  of  both  are  probably  relatively  smaller.    On  the  other  har^* 

*  Th«  proportioat  <A  all  the  inixturas  an  by  valamc.     A,  lUiKb  tor  alcohol:  C.  fw 
ICIorttlMf. 
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morphin  depresses  the  excitability  of  the  respiratory  center,  and  ihc 
miosis  interferes  with  the  pupil  danger  signal;  morphin  is  contraindicalcd 
in  pulmonary  disease,  in  semicomatose  patients,  or  when  the  operation 
would  involve  bleeding  into  the  air  passages.  On  the  whole,  the  marked 
advantages  appear  to  outweigh  the  disadvantages,  although  many  anes- 
thetists condemn  its  routine  use. 

Monihin  reduces  the  concenlratioD  of  ether  or  chloroform  vapor  required  for  Jigbt 
tnesthesia,  but  not  that  for  deep  anesthesia  or  death.  The  margin  of  safety  is  therefore 
widened  cunsideraWy^6o  per  cent,  for  chloroform,  50  per  cent,  for  ether  (Stange.  iQi  j; 
KochioaDn,  1914).     However,  the  respiration  must  be  carefully  watched  with  chloro- 

tfonn,  for  this  also  show?  dangerous  potentiation  (Wnlfl,  1913;  \V.  Straub,  1913). 
Atropin  (0.3  mg.,  V^oo  g""-)  stimulates  respiration  and  is  therefore  often 
added  as  a  corrective  to  the  morphin.  It  also  diminishes  the  reflex  vagus 
stoppage  of  the  heart  by  chloroform  and  ether  salivation  and  bronchorrhea, 
thereby  lessening  the  occurrence  of  ether  pneumonia.  The  atropin  my- 
driasb  and  tachycardia  interfere  with  the  use  of  the  pupil  and  pulse  as 
danger  signals.  On  the  whole,  its  use  is  ad^-isable;  but  the  above  dose 
should  not  be  exceeded  on  account  of  occasional  idiosjTicrasies. 

Scopolamin  (0.5  mg.,  !/f2o  P".)  is  often  substituted  for  the  atropin. 
It  has  the  same  peripheral  actions  on  the  pupil  and  glands,  but  greatly 
intensifies  the  narcotic  cfTects  of  morphin.  On  the  other  hand,  it  disposes 
to  pronounced  vasodilation,  so  that  the  pressure  falls  as  deeply  in  ether 
anesthesia  as  with  chloroform  (Mayor,  rcjoS).  Moreover,  it  sometimes 
intensifies  the  respiratory  depression  of  morphin  to  a  very  dangerous 
degree.  This  danger  is  so  serious  that  its  use  is  not  advised.  Bcvan, 
igi5,  who  opposes  it  strongly,  believes  that  it  also  increases  the  percentage 
of  vomiting  and  of  bladder  paresis. 

The  combined  action  of  roor^ihin  or  scopolamin  with  the  bydxocftiiMa  aBicotics  Is 
tar  more  than  simple  addition  (K»cll,.i907;  llaucVold,  loio;  Lindemann,  1910;  Ilam- 
nerschmiiJt,  1910).  Madclung,  1910,  and  Kappaport,  rQi  i,  dnd  that  one-half  to  two- 
thirds  of  the  ordinary  concentration  nf  anesthetics  suffices.  IlueTz!,  iqii,  proposed 
a  receptor  theory  in  explanation;  but  this  is  not  generally  accepted.  Fuchncr,  1911, 
found  that  the  lipolytic  narcotic:^  change  the  lipoid  solubility  of  morphin,  and  thus  pre- 
sumably favor  itfi  penetration  and  .iction. 

Scopolamin  alomt  does  not  reduce  the  concentration  of  chloroform  tir  ether  required 
for  It)tht  ancMbeua,  but  lessens  somewhat  that  for  deep  anesthesia.  Scopolamin  and 
morphin  together  resemble  morphin;  except  that  they  do  not  increase  the  zone  of  siifety. 
The  anesthesia  is  deeper,  however;  and  tbi«  may  be  proctkatly  uaportant  (Ludetrig, 
1913;  Jochmann,  1914). 

BraniiJs. — These  pve  practically  only  simple  summation  iHlh  morphin  or  the  ali- 
ji     pbatic  narcotics  (Klammer,  1913). 

H       Strychnin  (i  to  a  mg.,  .^o  to  ^q  gr.)  has  been  suggested  when  respira- 

^Mory  failure  is  feared  (Fothcrgitl).     Its  usefulness  is  doubtful. 

^M        Cocainisathn  of  lAe  nasal  mucosa  has  been  cmplo>*ed  to  avoid  the  trigeminal  vagos 


PREPARATION  OF  PATIENT  FOR  ANESTHESIA 


The  patient  shouWi  receive  a  cathartic  (castor  oil)  twenty-four  or  Lturty-WE  hour* 
l>e(ore  the  operation,  nnd  an  enema  on  the  morning.  An  interval  of  at  least  five  hours 
^huuld  have  elapsed  .since  the  la.st  meal,  which  should  not  have  bccc  too  heavy.  These 
t^rccautions  are  to  prevent  the  dlscharKC  of  the  contents  of  the  alimi-ntary  canal  during 
*he  anesthesia.  He  should  be  carefully  examined  for  cardiac,  renal,  and  pulmonary 
^■seaae.  He  should  theo  be  placed  in  such  a  position  as  to  interfere  to  the  smallest 
'kXMsible  eilcnt  with  respiration;  the  hf'td  prrferaUy  lav  and  turned  to  the  side.  The 
clothing  should  be  loosened  and  all  foreign  bodies — false  teeth,  etc.— removed  from  the 
>3ioulh. 

To  prroent  the  local  action  of  Ike  anestkdk  on  the  fact,  it  is  well  to  anoint  the  mouth 
«nd  OOK  with  petrolatum.     Care  should  be  taken  to  have  the  patient  close  his  eyes. 


582 


MANUAL   OF  PHARMACOLOGY 


THE  ADMINISTRATION  OF  ANESTHETICS 

Inhalation  n  8U|>crior  to  all  other  methods  in  the  convenience  of  its  app)icatk>ii, 
in  the  facility  with  which  Cbc  depth  of  antsthciua  con  be  regulated  to  suit  the  needs 
the  moment.  It  rau^t  be  remembered  that  this  depends  solely  on  the  concentrmtioo 
the  nncsihelic  \'a|Mr.  Thb  could  lie  rcRuUited  either  by  usin^  exactly  dosed  mixtuKs 
of  anesthetic  and  air,  or  more  simply,  and  on  the  whole  more  cfBcicntly,  by  witching 
closely  the  condition  of  the  patient.  The  response  of  the  respiration,  pu|nl-)  and  other 
refiexes  to  ch;iTiKCS  in  the  concentration  of  the  vapor  must  be  studied.  The  concentra- 
tion can  be  increased  cither  by  pouring  the  anesthetic  more  rvuidly;  by  applying  tbe 
mask  closer  to  the  face;  or  by  limiting  the  supply  of  air.  With  either  aneatbcljc  the 
mask  »hould  ut  first  be  kept  fairly  away  from  the  mouth,  until  some  narcotic  effect  is 
obtained,  to  lessen  the  feeling  of  choking  from  the  concentrated  vapor.  The  patient 
should  he  encouraged  to  breathe  quietly  and  regularly.  Counting  i^  a  good  e<cpedient 
for  thii>  purpose.  II  the  patient  holds  hi.s  breath,  struggles  or  coughs  during  the  induc- 
tion of  the  .^ncftthe^ia,  the  concentration  should  he  reduced,  never  increased.  Rapid 
and  deep  breathing  lessens  the  concentration  of  the  anesthetic  bv  dilution  and  cooling 
Slow  and  shallow  bre.T.thing  gives  more  roncentraled  x-apor.  Warming  the  anesthetic 
liquid  also  increases  il>  evaporation  and  concentration  (Snow). 

ManageiDeot  during  Recovery  from  Anesthesia. — The  patient  ^Ikould  not  be 
until  be  is  fairly  conscious,  since  vomiting,  inspiration  of  mucus,  etc..  might  cause 
phyKta.     No  nourishment  should  be  given  for  at  least  four  hours.     If  vomiting  i«  ^i 
sifitcnt,  a  tumbler  of  hoi  water,  with  a  teaspoon  of  bicarbonate  may  be  i?ivcn.     Recovei 
is  usually  mure  speedy  and  ^ti.sfactory  if  the  jmticnt  :?■  placed  on  hh.  side. 

Sp«cUl  apparatus  for  supplying  measured  concentrations  can  be  constructed 
(Drescr.  i.-^qo;  Gcpftcrt.  iRgq;  Kionka.  t-'^$  and  1899;  Kochmann,  1913;  Jackson.  191s. 
etc.),  but  they  are  cnmpHcated  and  cumbcrM>me.  ('{"he  simplest  form  is  that  of  A.  V. 
Harcourt.  Suppl.  Brit.  .Me<l.  Jour.,  1Q03,  p.  143.)  Another  objcctioa  to  sUindardiwsS 
mixtures  is  the  slowness  with  which  they  produce  anesthesia.  It  it  certain  that  much 
stronger  mixtures  may  be  borne  for  a  »hort  time,  and  are  quite  iafe  in  starting  tbe 
anestnelir. 

RegulAtion  of  Anesthesia. — Most  important  is  the  fact  that  no  me- 
chanical device  can  replace  the  sense  of  responsibility,  tlte  constant 
watchfulness,  and  the  qiuck  reasoning  of  the  experienced  anestheiisL 
Anesthetization  is  not  a  physical  experiment  where  the  factors  can  all  be 
foreseen,  but  the  condition  of  the  patient  is  apt  to  var\'  from  moment  to 
moment,  and  roust  be  taken  into  accotint.  Ihe  slate  of  the  respiration 
must  be  carefully  watched:  if  the  patient  holds  his  breath,  the  mask  must 
be  held  farther  away,  since  the  next  respiration  will  be  an  especially  deep 
one.  When  the  respiration  becomes  slow  and  shallow,  this  signifies  thai 
ft  sufficient  amount  has  been  taken,  and  that  the  quantity  may  l>e  lessened 
The  aim  is  to  give  no  more  than  is  necessary  to  just  keep  the  pati 
anesthetized.  On  the  other  hand,  care  must  be  taken  to  keep 
thoroughly  under  the  influence,  for  excitement.  slrugRHng,  stoppage 
respiration,  shock  and  overdosage  are  much  more  common  under  partial 
or  uneven  anesthesia.  Since  the  respiration  and  circulation  react  one 
upon  the  other,  so  that  no  change  could  occur  in  the  latter  without  being 
noticed  in  the  former,  and  since  most  accidents  occur  from  stoppage  of 
the  respiration,  it  may  be  sufficient  lo  watch  this  alone,  as  is  advised  by 
some.  But  as  it  is  of  the  highest  impurtancc  to  discover  bcgimung  failure 
of  the  one  or  the  other  at  the  earliest  possible  moment,  the  anesthetist 
can  not  be  considered  as  doing  his  duty  unless  he  carefully  obsen.'es  both. 
The  argument  that  watching  the  circulation  distracts  the  attention  from 
the  respiration  should  not  hold:  the  anesthetist  should  be  able  to  keep  his 
attention  fixed  upon  both. 

Closed  and  Open  Methods  of  Administration.— The  anesthetics  may 
be  administered  with  (open)  or  without  (closed)  free  access  of  air.  In  the 
cIose<l  methods,  the  patient  rcbrealhes  more  or  leu  from  a  permanent 
mixture  of  vapor  throttgh  a  fairly  air-tight  mask  or  cone.     In  the  open 
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methods,  he  breathes  air  freely  through  gauze  (the  usual  chloroform  mask), 
on  which  the  anesthetic  is  poured.  The  closed  methods  are  more  rapid 
and  economize  the  anesthetic;  hut  from  other  standpoints  they  are 
rather  objectionable.  The  open  methods  avoid  the  asphyxial  effects,  and 
are  therefore  plea-ianter,  safer,  and  less  subject  to  after-eflecls  (mucorrhca, 
vomitings  etc.).  The  apparatus  is  also  simpler  and  more  easily  sterilized. 
The  open  methods  deserve  preference,  except  for  ver>'  short  operations, 
or  when  rapid  anesthesia  is  important.  The  closed  method,  however, 
is  also  capable  of  refinements.  Henderson,  1915,  ad\'i.se3  a  closed  method 
vfilh  ether  vapor,  claiming  that  this  is  scarcely  more  unpleasant  than 
nitrous  oxid,  and  produces  less  nausea,  vomlling.gas  pains,  etc.,  than  other 
methods.  The  skin  should  be  kept  pink,  neither  pale  (acapnia)  nor  dusky 
(asphyxia). 

Administration  of  Ether  by  the  "Cone"  Method. — A  special  ma.sk  is 
used,  which  admits  only  a  limited  amount  of  air.     About  a  tablespoonful 
is  poured  in  the  mask,  and  repeated  as  needed.     The  fact  thai  the  re- 
quired concentration  of  ether  is  much  greater  than  with  chloroform, 
leads  to  the  temptation  not  to  admit  sufficient  air.    Tliis  must  be  care- 
iiilly  guarded  against,  or  asphyxial  symptoms  may  result  simply  from  a 
^feficicut  supply  of  oxygen.    Concentrations  of  ether  above  7  per  cent. 
Aritalc  the  mucosa  so  strongly  that  in  imperfect  anesthesia,  they  cause 
■reflex  coughing,  closure  of  the  gEottis  and  suffocation  (Dreser,  1S93). 

To  obviate  the  asphyxia  it  has  been  advised'to  administer  oxysen  with  the  ether 
CGt^y,  Goo«]all  ami  Reid,  1911);  but  this  is  superfluous,  eajwcially  if  the  drop  method 
S9   i2sed. 

Ether  by  the  "Drop"  ("Open"  or  "Perhalation")  Method.— This 
."v^oids  to  a  very  great  extent  the  irritation,  suffocation  and  excitement  of 
Tciinary  ether  anesthesia.  This  advantage  more  than  compensates  for  the 
Lis.£ulvantages,the  relativeslowness,  waste  of  ether, saturation  of  the  room, 
-«^<J  refrigeration  of  the  inspired  air.  In  this  method,  the  ether  is  dropped 
•  F^idly  (about  150  drops  per  minute),  over  the  entire  surface  of  an  open 
C«:^tiJoroform)  inhaler,  covered  with  some  eight  layers  of  gauze,  and  held 
^"^  inch  from  the  face.  If  the  mask  is  closely  applied,  the  vapor  concen- 
*^^^lion  may  ri^e  to  g.3  to  10.8  per  cent.;  never  above  12  per  cent.  (The 
'"'^'^t.hod  was  originated  by  L.  H.  Prince,  1895.) 

Danger  of  Open  Lights.^The  vapor  of  ether  lieing  highly  inflammable 
^■'^^i  explosive,  this  anesthetic  should  not  be  used  wiiJi  the  actual  cautery 
*^''  by  on  open  light.  The  flame  may  leap  over  considerable  distance, 
?^r>«cially  if  there  are  drafts.  If  the  use  of  an  open  light  is  unavoidable, 
*^  should  be  pia^ed  high  above  the  patient,  since  ether  vapor  is  heavier 
>**^n  air. 

,  dUoroform  is  not  explosive;  but  if  used  with  an  open  light,  it  is  partly 

^,?*^<iized  into  phosgen  gas  (COCU,  carl^onyl  chlorid),  chlorin  and  hydro- 

■  ^Joric  acid,  which  cause  considerable  irritauon^-cough,  dyspnea,  collapse 

-ngcnbeck,  1SS8).     Fatality  to  the  spectators  has  been  reported  (see 

■•"linger,  1902). 

7'Ar  decomposition  oj  chloroform  may  be  illustrated  by  the  equations: 

4CHCI,  +  3O2  =  4COCI,  -f  2H1O  +  aCl 
COCU  H-  HiO  =  CO,  +  2HCI. 

The  inhalation  of  the  burned  chloroform  vapor  by  rubhit£  produces  dyspnea,  pul- 
^^^''ViAry  edema,  and  sometimes  death  (Stobwasscr).     The  toxUUy  oj  pkosgen  was  showa 
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by  R.  Mueller,  i^io:  The  inhalation  by  rats  of  a  o  015  per  cent,  volume  vpor  at^^-T>fa 

death  in  twenty  minutes;  half  this  concentration  was  severely  toxic.     Anutotoic  Omi^ 

were  fount!  in  the  lungs,  Widnoys,  and  heart,  , 

Administratioii  of  Chlorofonn, — This  is  dropped  on  a  few  layers  • 
gauze,  sujjported  by  a  frame,  and  held  some  little  distance  from  the  fac."^^^ 
The  rate  should  under  no  circumstances  exceed  60  per  minute,  and  uvu*  ^^^ 
ally  should  not  be  over  12.     After  the  anesthetic  stage  has  been  inducc"-'^^  " 
6  drops  per  minute  will  usually  suffice.     This  will  be  found  better  than  t»  :*      }^ 
rtmovc  the  mask  altogeihcr  and  reapply  it  with  a  larger  dose  when  th"** 
patient  shows  signs  of  recovery. 

Sflf'inhaJaiioH  of  Chiof'form. — It  is  often  nccesMry  to  Veep  TWtlent*  liehily  undc'^^*''? 
the  influence  of  an  anesthetic  when  no  skilled  a&sistaDt  is  available,  as  m  ohstetri^jt  *      j 
practice.     Here  a  mcthiwl  suggested  by  Brunton  is  useful:  ^B 

The  in=.ide  of  a  tumbler  is  covered  n-ith  blotting-paper.     A  few  drops  of  chlofofaiu*-*  ^,er 
are  poured  on,  und  thi»  is  given  to  the  patient,  with  dtrcctiom  to  bold  it  ao  incb  from  be«  '^^^^  j^ 
mouth  iind  inhale.     This  works  autoiniitically.for  as  the'patient  becomes  oarcotued  th^  *^.-it. 
naturally  allows  her  hand  to  drop,  and  so  removes  the  tumbler;  and  as  »on  as  she  be-""--' 
comes  conscious  and  sensitive  (o  pain,  she  will  replace  It.  a -«i^ 

The  quantity  of  anesthetic  which  is  required  for  an  ordinary  operation  is  very  van —  *^  «| 
able.  Some  40  c.c.  of  chlorgform.  or  150  c.c.  of  ether,  by  the  onlimiry  method,  or  jjo^^  li 
c.c.  by  the  drop  method,  are  .ihout  the  pm-illcst  quantities  for  an  hour's  anesthesia.  ^^  3 

*'Oao-imoutc  Anesthesia." — Short  operations  can  be  dune  under  the  analBeela  of  ^_  ^^^ 
the  preanesthetic  stage:  A  tea^poonful  of  ether  is  poured  into  the  cooc,  and  the  pAtknt 
directed  to  count  and  take  deep  inspirations.     The  operation  is  done  as  soon  BS  the 
counting  becomes  irregular. 

Other  Methods  of  Administration. ^Tbe  anesthetic  may  also  be  ad- 
ministered by  other  methods,  but  these  demand  special  experience,  and 
generally  special  apparatus,  and  therefore  have  a  more  Umitc-d  field. 

In  operations  about  the  face,  the  anesthetic  may  be  inhaled  through 
a  nasal  catheter;  in  iipcrations  on  the  thorax,  it  may  be  adnunistered  by 
tracheal  insufBalion. 

Intratracheal  Insufflation. — The  insufflation  of  air  passed  over  Ibe  aneslhetic  has 
been  elaborated  experimentally  by  (iithcns  and  Mcltzcr,  1913.  It  elimiiutes  respira- 
tory paralysis  as  u  fatal  fm  tor.  FJker  is  especially  safe:  Excessive  doses  first  stop  Ibc 
spontaneous  respiration,  but  this  is  immaterial  since  the  insufflation  cortstitules  an 
efficient  artificial  respiration.  The  blood  pressure  declices  very  slowly,  and  recovery  is 
poasible  during  an  hour  alter  the  respiration  is  arrested,  by  umply  stopping  the  ether. 
With  chloroform,  the  respiration  and  circulation  fail  together,  so  that  there  is  no  reliable 
danger  sif-a.  and  the  zone  of  iuilety  is  much  narrower. 

InlrapkaryHfeai  Insulation. — In  this,  the  ether  is  driven  by  bellows  through  a  n*sai 
catheter;  usually  after  anesthesia  has  been  induced  by  the  open  method.  It  is  about  u 
simple  and  i^afc  .is  the  open  method  (Uevan,  1915). 

jflectal  insufflation  of  the  warmed  ether  vapor  is  especially  useful  in  operations  abotit  , 
the  head;  it  alM>  avoids  excitement,  stnigsting,  and  gastric  disturbuiKe.     It  act^c 
promptly  (within  six  to  fifteen  minutes)  and  can  be  maintained  indcunitcly.     However,  i 
IS  is  uncomfortable:  the  dosage  is  more  difficult-,,  it  is  apt  to  be  followed  by  gto-e 
omctimi.-s  fatal,  irritation  of  the  colon,  with  gas  distention,  collicky  pauis  and  bh»d- 
diarrhea  (Cunninj^h.im,  iQto;  Morel,  1910;  Bevan,  iQis).     The  fatality  is  [airly  high.  ~^^ 

Intravenous  administration  of  saline  dilutions  of  the  aneslhclJca  (ether.  «  per  "■ *•  ^!*^. 
Burckhiirdt.  ivio;  7.5  per  cent..  Rood,  1911;  chloroform,  o  6  per  cent.,  Guni,  i((ia^^^^ 
prwime  anesthesia;  but  s  priori,  one  would  consider  the  method  both  unsatisUctc^i^i^Q^ 
and  dangerous;  and  this  seems  to  agree  with  the  practical  experience  (Tyrode.  1910). 

Soitibilily  of  Ether  in  Norntal  Satime. — This  varies  with  the  temperature  aa  foil* 
(Bctmctt,  191a): 

♦C.  Cm.  (Jeili*rp«r 

100  c.  c.  Aio 

o 13 

S ".» 
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iDtmnruCDlar  injection  al  undiluted  ether  h&s  also  been  iriod.  The  method  is 
uncertain,  painful,  and  dangerous  (see  ^.A.M.A.,  1911,  vol.  59,  p.  388,  Guibj,  1912). 

Gastric  adimaistratioo  of  an  alcoholic  solutiun  uf  chlurof oralis  used  in  animal  experi- 
mentation (ace  index,  "Gr^hsnt  Anesthesia"),  but  is  too  uncertain  and  dangerous  for 
man. 
,  CAUSES  OF  DEATH  UNDER  ANESTHESIA 

f  These  must  be  thoroughly  understowl  in  order  that  accidents  may  be 
avoided.  They  may  therefore  be  recapitulated.  They  differ  according 
to  the  anesthetic,  the  stage  of  anesthesia,  the  character  of  the  operations, 
diseases  of  the  patient,  and  other  conditions.  On  this  account,  the  clinical 
accidents  are  rather  different  from  the  usual  laboratory,'  experiments. 

Deatii  not  Ahray«  Due  to  Anesthetic — It  h  incorrect  to  attribute  every  death  upon 
the  operating  table  to  the  effects  of  the  anesthetic;  for  patients  died  upon  the  table  when 
anesthetics  were  yet  unkoown. 

One  such  case  was  of  considerable  importance  in  the  historj-  of  ancsthe<ua.  When 
Simpson  was  about  to  tr>'  chloroform  on  a  patient  for  the  tintt  time,  the  orderly  who  was 
curving  the  bottle  fell  and  spilled  the  chloroform.  No  other  bcin^  obtainable  Simpson 
proceeded  to  the  operation,  which  was  for  hernia,  without  anesthesia.  The  patient  died 
with  the  firHt  cut.  Had  the  chloroform  been  i^iven  in  thiK  ca<ie  and  the  uime  accident 
had  happened,  Its  introduction  into  practice  would  have  suffered  a  long  delay.  Other 
■iadtar  cases  are  not  unknown:  A  patient  wa&  to  be  operated  and  demanded  chloro- 
form. His  condition.  bowc\*er,  was  so  low  that  the  surgeon  feared  to  grant  his  wish, 
and  to  calm  hira  held  u  clolh  vyithoiU  chloroform  U-fore  lits  fate.     Scarcely  had  the 

riticnt  made  four  inhalations —  of  air — when  be  was  dead.  In  preanesthetic  da>-s,  the 
rench  surgeon  Default  drew  his  finKcnuiil  over  the  perineum  01  a  patient  to  mark  the 
Hne  of  incision,  when  the  patient  suddenly  gave  a  cry  and  was  dead.  And  many  simi- 
lar cases  of  sudden  death  from  the  violent  mental  impression  might  be  mcniitmcd,  besides 
deaths  undoubiedlv  due  to  tr.-Lumatic  shock.  Even  at  the  present  day  patients  often 
exhibit  "psychic  sfiock"  when  operated  tuider  local  anesthesia,  so  that  it  is  a  gcQcral 
practice  to  precede  this  by  morphia  (Strassmano,  1808). 

It  is  true  that  the  public  nowada>-s  has  largely  lost  the  great  fear  for  operations  and 
that  anesthetics  lessen  the  danger  of  traumatic  :>hock.  But  neither  is  excluded,  and 
there  b  no  doubt  that  miinv  dealhs  attributed  to  aoei^thctics  have  their  cause  elsewhere. 
State  ol  PotienL — Healthy,  Nngorous  patients  arc  not  the  safest  risks  in  anesthesia, 
but  rather  the  relatively  feeble  and  phlegmatic:  These  are  less  hubjent  l«  excitement, 
straggfing  and  muscular  obstruction  of  respiration,  and  they  require  Ics^'i  anesthetic. 
Nervous,  opptebctisive  patients  and  alcoholic  subjects  arc  always  dilVicuU  lo  aneslhc- 
tiae.  "Stattts  lymphiUii:tis"  and  Gra-.fs'  disease  predispose  to  acute  circulatory*  failure 
from  trivial  causes,  fright,  excitement,  etc.  Respiratory  caUnrh  lends  lo  obslrurtion  yf 
respiration  by  mucus,  especially  if  ether  is  used.  Acute  pulmonary  diseases  dispose 
to  asphyxia;  advanced  heart  disease  to  circulatory  failure. 

Death  During  the  Induction  of  Aneethesia. — This  is  common  with 
chloroform,  rarer  with  ether.  The  usual  sequence  of  events  is  sudden 
suspension  of  the  respiration  from  acapnia  or  muscular  simsm ;  the  asphyxia 
leads  to  cardiac  dilation,  vagus  stimulation,  and  fmally  asphvxial  failure 
of  the  heart.  The  failure  is  especially  rapid  with  clihroform,  because  iJiis 
adds  the  direct  cardiac  action  of  the  druK-  In  li^ht  chloroform  narcosis, 
the  cardiac  muscle  is  hyperexcitable;  and  any  excitement  is  apt  to  induce 
ventricular  fibrillation  and  death  (G.  Levy,  1913;  this  excitabiUty  disap- 
pears in  deep  anesthesia).  The  respiration  may  resume  temporarily 
after  the  heart  ha.s  stopped,  but  the  heart  itself  can  not  usually  be  revived, 
failure  of  the  circulation  therefore  commonly  precedes  the  final  arrest 
of  respiration  and  is  tJie  real  cau%  of  death. 

In  the  case  of  ether,  similar  fatalities  arc  rarer,  but  may  occur  early 
T  somewhat  later — in  cither  case  due  to  faulty  administration  during  in- 
complete anesthesia.  The  error  may  have  been  committed  an  hour  before 
»ctual  death:  In  light  ether  anesthesia,  the  excitability  of  the  respiratory 
ceoter  is  increased.     If  this  state  is  prolonged  by  excessively  slow, 
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incomplete  or  intermittenl  anesthesia  (/.t.,  in  throat  operations),  acapnif*-*- *^ 
results."    When  the  anesthesia  deepens  and  the  center  becomes  depressed 
the  acapnia  (deficiency  of  CO2)  leads  to  arrest  of  respiration  and  inju 
to  the  heart  (Henderson,  ignj. 

Stoppage  of  respiration  by  ether  is  less  dangerous,  because  the  mo: 
vigorous  heart  generally  beats  until  the  respiration  has  resumed.  Ei — 
perimentally,  the  heart  may  also  be  stopped  reflexly  by  vagus  stimulation,^ 
but  clinically  this  seems  to  be  exceptional.  In  any  case,  thepbenamcna  J 
occur  with  Httle  warning.  The  danger  signs  are  sudden  dilatiOD  of  the  ^ 
pupils,  pallor,  and  change  of  facial  expression. 

Too  high  concentration  of  the  vapor  is  the  immediate  cause  of  these 
actions.  Fright,  excitement,  struggling,  irregular  respiration  and  idio- 
syncrasy are  contributing  factors.  Crying  in  children  is  especially  dan- 
gerous. These  accidents  are  avoided  by  beginning  the  ad  minis  tratiun 
with  very  dilute  vapor,  and  increasing  the  concentration  gradually.  Mor- 
pfain  helps  to  prevent  acapnia  and  fear.  Atropio  eliminates  the  va^us 
reflex. 

Death  in  deep  anesthesia  is  usually  due  to  paralysis  of  respiration,  ^  g^ 
generally  with  more  or  less  involvement  of  the  circulation.     With  rihrr,  ^  ^^^' 
the  circulation  is  usually  fairly  good  when  the  respiration  stops.     VVith.^tt^jK 
chloroform,  there  Is  a  progressive  fall  of  bood  pressure,  then  failure  of  thft*^ 
respiration,  aud  finally  cessatiou  of  ilic  heart;  but  the  pulse  is  general])^^^^ 
imperceptible  before   the  respiration  stops.    These  late  accidents  aia—       ' 
caused  by  maintaining  the  concentration  of  the  vapor  too  high;  and  sinc». 
the  paralytic  phenomena  develop  gradually,  with  ample  warning,  ih 
deaths  are  generally  due  to  inexperience  of  the  anesthetist.     The  dcnfi 
signals  are:  increasingly  shallow  or  irregular  respiration;  very  slow  or  vcr-^^^ 
rapid  pulse;  cyanosis;  dilation  of  pupil.     These  accidents  may  '•-■n— -•■^— ^     _j 
by  carefully  watching  for  these  signs,  by  maintaining  the  anesUiesia  even  ~~^miy 
(sec  "Report  of  Anesthesia  Committee,"  J..A.M..\.,   1912,  vol.   58,  p. 

1908),  and  no  deeper  than  complete  muscular  relaxation  and  absence         of 
the  sensitive  reflexes. 

The  autop^  in  acute  chlorofonn  or  ether  deaths  shows  oothioK  beyaod  tbc  iKdiA^^^T 

phcnomvoa  of  death  by  asphv'xJu — heart  dislended,  veins  congested,  etc. 

POISONING  BY  SWALLOWING  CHLOROFORM 

This  usually  produces  immediate  vomiting  and  Mmetimes  defecatioo,  l<^lrt^^** 
by  narcosb  {Scnocnhof.  1914).     The  acutely /oia/ A»j«i»  not  known;  an  ounce  or  rt* 
would  he  danncrous.     Recovery  may  be  succeeded  by  fatal  gastriii^  or  icterus  uul     ™- 
other  phenomena  of  late  chloroform  poisoning.    Tbc  treatment  would  lie  ai  lot  int*-^^ 
lion.     Gastric  lavage  with  oil  has  tx^n  advised  (Wtrth,  1009)- 

TREATMENT  OF  ACCIDENTS 

Minor  Accidents.— The  lontt*c  may  fall  bttck  and  interfere  with  respirattonv 
denoted  by  noisy  breathing.     Ifthift  occunt,  "place  the  indric  hoger  of  each  band  la 
the  corresponding  cornua  of  the  hyoid  bone,  while  the  middle  dngcrs  rest  upon  the  a-*'^'^La 

the  UW*^^ 


ot  the  jaw,  and  ttien  press  forward  and  uun-ard,  I  lie  same  force  serving  toeslcnd 

upon  the  neck;  if  t\aa  fails  to  open  the  glottU,  by  means  of  a  tenaculum,  thnot  far 

into  the  base  of  the  tongue,  draw  it  forward"  {H.  C  Wmxl).  -^cJ* 

If  much  mucus  accumulates,  it  <ihould  be  removed  with  a  cloth  (Mayor  suggotv 
dental  ftalJva  siphon). 

Serious  Accidents.— These  should  be  uealcd  with  the  first  warain^^  ^ 
danger:  The  anesthetic  should  be  stopped  at  once.  The  head  of  ^-^.n 
patient  should  be  lowered  to  give  the  medullar)'  centers  and  heart  the  » 


he 
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it  of  any  remaining  circulation.  A  few  rhythmic  compressions  of  the 
^astrium  may  be  tried,  but  if  these  do  not  succeed  quickly,  artificial 
*/ruJion  by  any  of  the  methods  should  be  begun  at  once.  This  prevents 
hyxia  and  eliminates  the  poison.  The  cardiac  region  should  also  be 
iprcsscd  strongly  at  the  rale  of  40  times  per  minute,  ^nce  this  aids  the 
on  of  the  heart  and  supplies  a  mechanical  stimulus.  A  liter  of  saline 
Xion,  and  i  cc.  of  i  :  1,000  solution  of  epinephrin  may  be  at  the  same 
&  injected  into  the  cardiac  end  of  an  artery.  The  combination  of  these 
Lsures  often  succeeds  when  the  heart  has  actually  stopped  beating 
Lie  and  Dolley).  The  chances  of  succe.*is  are  proportional  to  the  prompt- 
I  with  which  they  are  applied.  Gunn  and  Martin.  1915,  recommend 
fcotnbination  of  intrapericardial  injection  of  epinephrin  with  cardiac 
isage.  This  i:^  generally  successful  even  when  the  heart  is  arrested  and 
>er  measure  alone  would  fail. 

y/  drugs,  strychnin,  or  cafTcin,  by  vtrtur  of  the  stimulation  of  the  rcsmratory  and 
unotor  centers,  15  useful  if  given  in  tiine — i.e.,  while  it  may  nttll  he  atworbed. 
italis  is  too  slow  in  its  nclion.  Oxygen  1;^  of  uncertain  .-idvantugc.  Rrfirx  stimuiO' 
by  the  inhAJation  of  ammonia  is  Komf^timc<>  rcm.irkahly  efEecUve;  as  is  sciatic  stim- 
toa.  UyPodfrmU  injtclions  oj  eiktr  which  have  been  u&ed  in  man.  might  be  suppoMd 
iCt  tn  the  same  manner.  But  clinical  observers  condemn  ibeir  use,  and  experi- 
tts  oD  animaJa  show  that  the  »timu!us  ia  too  weak  to  produce  much  eSect.  On 
other  hand,  it  would  tend  lo  deepen  the  narcosis.  The  administration  of  brandy 
dtFoglycerin  is  similarly  luscless,  though  not  quite  as  harmful.  FaraHisation  of  the 
eoic  nerve  or  of  the  heart  haa  also  been  advocatctl,  but  ap|»ciir5  lo  be  prompted  more 
the  desire  to  do  somethinK  than  by  ,-iny  mtional  view  of  the  object  to  he  arctvni- 
hed.  Stimulation  of  the  phrenic,  to  be  sure,  causes  contraction  of  the  diaphragm 
jpiralion,  and  if  done  intermittently,  would  take  this  place  of  artificial  respiration. 
U  possesses  no  advantage  over  the  latter,  and  besides  the  fact  that  the  time  required 
'ju&t  the  appaiatua  miijht  be  much  better  utillced,  there  is  apt  to  be  stimulatiuo  of 
Kgus — ft  DMist  unde^^irabie  feature. 

nth  regBrd  to  faradization  of  the  heart,  there  is  no  more  efiectual  way  known  of 
ikg  this  organ  than  clci'Cric  stimulation  (by  tlic  prnductinn  of  deUrium  cordis),  and 
only  reason  why  more  harm  has  not  been  done  by  this  senseless  procedure  is  that  the 
Inrily.  .as  it  is  ordinarily  applit^d,  due:*  nnt  penetrate  ihroiiKh  ihe  chest  walls. 
Bpinephrin  In  Light  Cbiloroiorm  Narcosis. — Whilt:  epinephrin  may  be  very  valuable 
Iccp  nari.o:sis,  Jt  is  aut  to  cause  danK<-Tou:i  arythiuia  iu  bght  chloroform  anesthesia. 
may  be  prevented  by  atropin.  or  section  of  the  vag^i;  but  if  the  ariythmia  has 
Jy  started,  atropin  only  adds  to  the  danger  (Nobel  und  Kulhbcrgec,  1014). 

EDIOSYHCRASY 

jjs  doubtless  occurs,  in  analogy  to  alcohol;  however,  the  actual 
;ntration  of  ether  required  to  induce  and  maintain  anesthesia  is  about 
^same,  whether  the  patient  is  refractory-  or  otherwise  (Boothby,  1914). 
great  practical  difference  in  the  reaction  of  patients  consist  mainly  in 
t  manner  of  "taking"  the  anesthetic.  They  are  therefore  most  con- 
icuous  in  the  induction  of  anesthesia,  which  is  for  instance  peculiarly 
ficult  in  alcoholic  patients.  (Boothby,  1913,  attributes  their  resistance 
tdcep  breathing,  biownng  the  ether  off  the  mask.)  Morphinists  are 
P  to  be  relatively  insusceptible.  Patients  with  Graves'  disease  may 
let  badly.  A  patient  may  tolerate  one  anesthetic  better  than  another. 
PAfter  the  anesthesia  is  established,  there  is  but  little  evidence  of 
>^ultar"  reactions,  except  such  as  may  be  foreseen  in  heart  disease, 
ktal  accidents  should  therefore  not  be  lightly  ascribed  to  idiosyncrasy, 
postanesthetic  toxemias,  however,  are  imduubtedly  influenced  by  the 
sition  of  the  patient. 

luisfeld  (iocs)  claims  that  starved  animals  are  much  more  siuceptible  to  chloral, 
ehyd,  and  morpbin,  but  not  to  alcohol,  amylen  hydrate,  or  urethane. 
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IMPURITIES 

The  impurities  which  may  occur  in  elher  and  chloroform,  mmly 
decomposiuon,  are  rather  unimportant.    They  contribute  to  the 
irritation^  but  probably  not  to  the  dangerous  effects.    Chloroform  faialit^^    *^ 
seem  to  be  as  frequent  with  the  "pure"  chloroform  as  with  that  not  sj* -^^P^j 
cially  treated. 

Henderson,  i<>i4>  considers  poor  ether  as  more  excitant^  diqx>ang 
acapnia. 


The  Impuritieis  of  ether  arc  due  to  tnc  presence  of  moisture,  which  leads  to  compK 
oxidAtions.     Among  the  producLt  are  hydrogen  neroxid,  and  mo«t  commonly  the  irtiui- 
aldehyd.     Bruns,  1805,  concluded  from  clinical  observation  that  the  clhcr  impuriL 
are  mainly  responsible  for  the  bronclutJs  (R.  B.  Smith.  1913).     FJker  ikoulJ  ikfnjt 
be  anhydrous,  attd  shred  in  jeaitd  tin  contaitieri.     Partly  dUed  glass  boLlLes  are 
detrimental  (Baskcrvillf,  igii,  191a).  _ 

The  impurities  of  chloroform  are  also  due  to  oxidation,  accelerated  bjr  lifcht  and  tdt:^'^"* 
The  product')  vary  with  tlic  cunditions.     The  mo<.t  tonslunt  are  the  irritant  ph 
(carbonyl  chlorid)  and  hydrochloric  add.     Chloroform  should  be  pres4:r^'cd  in  in 
dark  gloss  bolltes  atid  should  contain  i  per  cent,  of  alcohol,  which  acts  as  a  reduci 
substatKe. 

ORIGIN  OF  CHLOROFORM 

It  has  been  claimed  that  the  effects  of  chloroform  differ  Mimewhat  accordtnx 
whether  it  is  prepared  from  acetone  or  alcohol.     Wade  showed  that  the  acetone  produ  m 
h  purer;  the  alcohol  product  contains  a  tittle  ethyl  chlorid,  which  might  increaK  tX-- 
anesthetic  effects  (Regnaiilt.  1909).     Hewitt,  however,  could  discover  no  difference 
the  immediate  or  after<effects.    Hale.  1915,  also  could  detect  no  coiuUnt  diflcrco*-' 
in  the  fatal  concentration  for  mice  and  fish,  for  chloroform  samples  of  different 
and  origin. 

INDUCTION  OF  ANESTHESU  DURING  SLEEP 

This  question  is  of  some  medico-legal  importance.  Cases  arc  reported,  but  it  muM~M 
be  difficult,  and  consequently  rare.  False  accusationa  of  crimioal  assault  are  ofb»^ 
baaetl  on  the  menial  confusion  of  the  patient  while  in  the  narcotic  stage. 

RELATED  ANESTHETICS 

The  production  of  narcosis  is  a  universal  action  of  all  members  of  thr^ 
aliphatic  series  which  are  fat-solvents,  and  which  are  absorbable  into  thc=S^  -? 
tis-sues.     Accordingly,  a  large  number  of  the  more  volatile  "lipophilic  ^ 
hydrocarbons  may  be  used  to  pro<luce  anesthesia;  whilst  the  less  volatX  « 
are  employed  as  "hypnotics,"  to  produce  sleep. 


Ethyl  Chlorid. — This  is  the  only  one  of  the  related  anestlietiai  which  is  pracli 
useful.  Uq  account  ol  its  great  volatility,  the  aneatbesii.  appears  and  dlsappean  vi 
promptly,  auil  is  therefore  especially  adapted  for  minor  surgerj*.  It  ha&  the  sa;—  _  ^ 
dangers  of  chloroform:  Relatively  small  doseft  may  cause  Sudden  stoppage  of  the  bear"  -*;"^ 
though  less  frc^iucntly  than  chloroform.  Larger  doses  paralyu  the  heart-mtac£^^^~_ 
Erectly  i  and  arc  even  more  dangerous  than  chlorofnrm,  because  of  the  extrvme  sudd*^*^^^ 
nesH  and  ratKcr  indrlinite  signah  (K.  H.  Hrowti  and  Large,  1905;  Kmblcy,  tQo6;  Mai 
1907;  Wood,  iQio;  Seifcrt,  Nebenwirk.,  1915,  p.  36). 

Its  main  aavantages  consist  in  the  rapidity  with  which  anftstheua  ia  Indiiced;  tn  I 
consequent  absence  of  struggling,  excitement,  and  unpleasant  sensation;  in  the  vrr:* 
prompt  and  complete  lecovery.     Its  nilministration  is  often  followed  by  heaiiarh^r 
nauBca,  vomiting,  and  sometime  collapse.    The  muscular  relaxation  arnl  aboiiUM 
reflexes  arc  incomplete,  and  a  little  L-xprriciice  is  r«iuirr<l  to  recognize  the  proper  li: 
for  operating.     It  has  occasionally  failed  in  alcoholic  patients. 

It  may  be  administered  by  spra>'iog  it  on  a  chloroform  mask.    This  mctbod  h 
wasteful  that  a  special  mask  is  to  be  preferred,  allowing  it<i  adminiKtraiion  in  g; 
and  restricting  the  admission  of  air.     It  has  also  been  used  by  pourinE  a  small  aaoBD* 
into  a  closed  mask.     These  methods  utilise  a  partial  asphyxia;  they  consunae  frooi  5 
10  cc.  for  short  operations  (Large,  1906]. 
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Adminutcring  ethyl  chlorid  by  hU  special  closed-circuUtion    apparatus.  D,  E. 
m.  igi6,  finds  its  cfiFccts  to  be  intcrmvdiate  bclwcvo  nitrous  oxid  and  ether. 
rTTie  concentration  nf  ethyl  chlorid  in  the  hlooi]  and  (itisucs  during  narcoos  has  been 
itigatcd  by  Camus  and  Xiclouit,  i<)oS;  and  K.  Frey,  1913. 

The  main  use  of  ethyl  chlnriH  is  for  local  ancstltesia,  freezing  the  tissues 
|a  fine  spray  of  the  linuid;  the  tube  being  held  about  3  feet  away.     The 
issibility  of  dissecting  the  frozen  tissues  restricts  its  use  to  simple 
Asians  (opening  boils);  the  analgesia  is  imperfect,  and  the  thawing  rather 
unftil. 

■£thyl  Brocoid  and  Ethyl  lodJd. — These  rcsvmbk-  ethyl  chlorid  closely,  differing  only 
■1x1  tita lively,  according  to  their  volatility  (Wcbcr,  1906).  The  morv  common  ethyl 
tkmid  la  used  for  ^hort  anesthesia  or  rather  .^nalKc5ta.  It  mu^t  not  be  puRhe<l  tu  the 
■appearance  of  retlexcs.  since  the  respiration  is  p.^ralyzed  about  the  same  time.  The 
ne  of  safety  ifi  therefore  very  narrow.  Pain  is  aboliflhed  before  consciouMiess,  and 
le  operation  must  be  made  before  consciousness  h  entirely  gone.  The  proper  time 
T  operating  is  sonivwhat  diOicuU  to  choose,  and  the  drug  is  very  dangerous  in  un- 
filed hands.  With  experience,  the  da.nRcr  seems  to  be  slight.  The  proper  amount 
or  adults,  8  c.c;  for  children  not  more  than  i  c.c.  per  year)  is  poured  on  a  folded  towel 
r  cone,  and  administered  to  the  exclusion  of  air,  until  the  proper  degree  of  anesthesia 
reached.  It  is  then  removed.  It  is  only  suitable  for  short  operations  (tonsillotumy, 
tc.).  The  administration  requires  twenty  to  forty  seconds;  the  anesthesia  last;;  about 
RO  minutes.  Recovery  occurs  at  once. 
^  After  a  bottle  has  been  opened,  the  contents  can  not  beusedagain.as  they  deteriorate 
~  lly.     The  drug  must  not  be  confused  with  EtSiylcn  bromid  (CiHiCli),  which  is  very 

Bromoform  (CHBrj)  is  not  suflicicntljr  volatile  to  be  of  use  as  an  anesthetic.  It  is 
jltiyol  a-s  an  antispasmodic  in  whoopmg  cough,  but  is  of  very  doubtful  value  (0.3 
-3  minim*.  droppc<l  on  sugar.  Practically  insoluble  in  water,  soluble  in  alcohol). 
Carbon  tfrtrachlorid  {"Tetra,"  CCU)  is  used  as  a  non-cxjiloMvc  fat-solvent,  and 
drying  the  hair  in  shampooing.  Tha  vapor  has  given  rise  to  serious  poisoning 
__^'k.M..\.,  igoQ,  vol.,  53,  p.  736).  Waller  and  Velay,_ igoQ,  state  that  it  is  more 
i^onous  than  chloroform.  Lehmann.  1911  (who  also  investigated  other  aliphatic 
ilorin  derivatives)  found  the  vapor  narcotic,  but  not  excessively  toxic.  Industrial 
'Tftoning  in  rubber  factories  is  described  by  Hamilton,  1915. 

Carbon  DUutldlid  (CSj). — This  very  volatile  fluid  has  a  toxicologic  importance, 
its  extensive  use  in  the  arts,  particularly  in  the  rubber  indxistry  (Stadclmann, 
;  A,  Hamilton,  i<)i5l. 
Acuif  Poisoning  i%  quite  rare  and  produces  effects  similar  to  thoge  of  chloroform. 
\Ckrtmu.  PfflsoHmg  is  the  more  common.  The  symptom.s  may  nril  appear  for  Sfvernl 
and  then  develop  quite  Mowly  so  that  several  stages  may  be  distinguished- 
effects  have  a  pathological  ba^is  m  irritative  changes  throughout  the  body.  The 
l''4sptonu  begjin  with  disturbed  sensation  (headache,  formication,  vertigo,  etc.)  and 
*nra- intestinal  catarrh.  In  the  second  stage  there  is  irritability,  excitement,  h>'stcrical 
i^Aiiif eolations,  etc.,  and  signs  of  marasmus.  The  third  stage  shows  centra!  paral>'tic, 
•  cpileptJc  features,  and  peripheral  ncurites.  Ataxia  has  been  reported.  The  maras- 
■^tta  is  pronounced.  Degenerative  hiiU/hgk  changes  arc  found  in  blood  (hemolvsis, 
£ncocyti>^s,  anemia;  no  raelhemoglob^n  formation),  ncr^-c  cells  and  dendrites,  liver 
Cuolijuiliiin),  kidneys,  and  lungs.  Heath  doe5  not  occur  until  very  late.  (.\  more 
nuive  description  is  given  on  page  41^1  of  the  6rst  edition.) 

The  fluid  or  vapor  causes  conjunctivitis  and  other  local  inflammatory  changes  in  the 
"L  Continuous  exposure,  even  to  small  quantities,  may  produce  a  toxic  blindness, 
^ar  to  that  produced  by  tobacco  (liaas  and  lleim,  igii). 

PREP.AR.VTION'S — ANESTIIEnCS 

*CUcroformum  (Chlorof.),  U.S.P.,  B.P.;  Chloroform. — Conlainsat  least  99  per  cent. 
I^Qt^  and  a6  to  1  per  cent,  of  alcohol.  Ueavv.  colorless  volatile  liquid:  boils  at  60  to 
*■  C  Characteristic  odor,  sweet  hot  taste.  Not  inflammable.  Slightly  s«l.  in  water 
g  •  »io);  freely  misciblc  with  ale.  eth.,  etc.  Dose,  0.3  c.c,  5  minims,  U.S. P.;  0.06  to 
^tc,  I  lo  5  minims,  B.P,  Afaxim-il  dose,  0.5  c.c,  8  minims. 
*Aq.  CMoroJ.,  U.S.P.,  B.P. — .\  saturated  waterj-  solution;  0.25  per  cent.,  D.P. 
1  as  hypnotic  and  flavor.  Daie,  15  cc,  4  drams,  U.S.P. 
^linimenlum  Cldoroformi  (Un.  Chlorof.),  II.S.P. — 30  per  cent,  of  Chloroform  in  soap 
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*LiH.  CHiorof.,  B.P. — Equal  part*  of  chloroform  and  camphor  liniment. 

*Sp.  CMoroj.,  U.S.P..  B.P.— 6  per  cent..  U.S.P.;  5  per  cent.,  B.P.  Dose,  3  cc, 
miDims,  IT.S.P.;  0.3  lo  1.3  cc,  5  to  20  nuninas,  repeated;  single,  3  to  >.$  cc,  $a 
40  minims,  O.P. 

(Tr.  Chlnroj.  et  Merph.  Co.,  B.P.— See  Index.) 

Bromojcrmam  (Uromof.).  II.S.P.,  CHBr>. — A  heavy  liquid,  resembling  chlorol"* 
Slighlly  M)l.  ill  wuter;  mi&cibic  with  ale.  chlorof.,  eth.,  itnd  used  or  volatile  oils.  ?X\ 
volatile,  not  inflammable.     Dose,  o.}  cc,  3  minims,    U.S. P.    (maximal,  0.5  cc. 
nunions),  on  »ugar  or  dissolved  in  alcuhol  and  glycerin.     Used  In  pertussis,  but  proba 
without  value.     Side  actions,  Scifcrt,  Nebcnwirk.,  1915,  p.  116. 

CarbQ7i  Diiuipkidum,  B.P.,  CSj. 

*.&}ur,  U.S.P.,  B.P.;  .4-:ther  Pur.,  B.P.;  Ether  (Sulphuric  Klher). — Contains  ah^^vni 
06  [ler  cent,  of  ethyl  ox'itl,  (CjH()jO.  and  about  4  i>er  cent,  of  alcohol.     Light  voU-     •tik 
flauid.     Sp.  gr.,  0.713  to  0.716,  U.S. P.;  0.730  B.P.     Boils  at  3S*C.     Charsctert^^nic 
oaor.     Highly  inttammable;  vupors  esploeive.     Sol.  in  water  (1  :  12)  and  in  all  pro(^»i«r- 
tionsof  ale.    Dose,  i  cc,  15  minims,  U.S.P.;  1  t0  2c.c,  15  to3ominiouiepcatcd:sin.4B'r< 

3  to  4  cc.  45  to  60  minims.,  B.P. 

Ether  for  anesthesia  is  to  be  dispensed  aoty  in  small,  well-closed  containers  ao«:3  is 
nut  to  be  used  as  an  anesthetic  after  the  original  container  has  been  opened  twenty-F^aur 
hours. 

*S^intHt  Jitherh  (Sp.  .tthcr.).  U.S.P.,  B.P.  (Hoffmann's  Drops).— 33  per  ccnt^.  ia 
alcohoL     Dtije,  4  cc,  i  dram,  U.S.P.;  i.s  to  3.5  cc,  so  to  40  minims  repeated;  sok^e, 

4  to  0  cc,  60  to  00  minims,  B.P. 

Sp.  /^Jhen's  Co.,  "Hoffmann's  Anctdyne,"  w  an  antiquated  preparation  o(  at>o«it 
the  same  slrei^gth  and  dose  as  the  spiritus,  containing  additional  ethcreaJ  products 
("ethereal  oil"). 

^(fer  vlfc/icHiC/Eth.  Acet.),  B.P.,  CiH»C»HiO|. — Dost,  i  to  1  c.c,  15  to  jo  miaixnm, 
rcptzatcrj;  E.iiielc,  5  to  4  c.c.  45  to  60  minims.  B.P. 

'j£thylis  ChioridHiH  (.Ethvl.  Chlor.).  U.S.P.;  Ethyl  Chior.,  B.P.  (Monochior-«tbmJEi«X 
CiHjCl. — ^Colorlcss.  extremely  votatJle  liquid,  of  sharp,  sweet  taste,  and  peculiar  odoi. 
Inflammable.  Boiling-point,  i3  to  i3°C.  Sparingly  sol.  in  water,  readily  in  ale  «ir 
eth.  Dispensed  in  special  glass  or  metal  tut>es.  Used  for  freezing  and  for  gen**^ 
aoe^the^a. 

Eikyl  Bromid,  CtH»Br. — General  properties  resemble  the  precedint,-  BoiliKmi 
point,  38to4o''C.  Should  be  protected  from  light  and  heat.  Used  (or  short  gcnerwil 
anesthesia. 


ALIPHATIC  HYPNOTICS 


Sleep  is  one  of  the  earlier  phenomena  of  light  narcosis,  and  can  the-  «*• 
fore  be  induced  by  small  doses  of  any  of  the  aliphatic  narcotics.  W'ith 
many  of  these,  however,  Ehe  hypnotic  stage  is  too  brief,  passes  too  ca^^v 
into  general  anesthesia,  or  Is  complicated  by  undesirable  side  acU'ovis, 
stimulation,  local  irritation,  etc. 

Desirable  Features. — The  usefulness  of  a  h>pnotic  depends  upon  the  following  q  »»»^ 
ities  :  Its  action  must  be  fairly  prompt  and  lastinK,  so  thai  the  h>'pncitic  effect  wiU  t»<f- 
sisl  for  some  hours.  Very  volatile  or  easily  decomposable  substances  arc  lhetr**w« 
CKcluded.  .\  good  somnifarienC  must  produce  Ihc  maximum  hypnotic  action,  with  *■* 
least  dcprcs-sion  of  the  medullar>*  centers.  It  must  not  possess  an  odor  or  taste  •!»  "^ 
would  preclude  its  eniploymenl;  and  it  must  not  irritate  the  stomach.  Preparati' 
which  are  insoliLble  in  water,  but  which  arc  neA'Crthdees  absorbed,  .ire  valuable  bcra. 
they  are  nearly  ta&teless,  and  because  their  action  is  apt  to  be  more  luting.  A  idv 
compound  which  cuuld  be  uscil  hypodcrmicaily  would  be  very  useful,  but  aD  iht 
phatic  nareotics  arc  cither  too  irritant  or  insoluble. 

Manner  of  Action. — Small  doses  of  these  drugs  depress  the  senso 
and  intellectual  processes,  so  that  the  perception  of  external  stimuli  ^^ 
lowered  (Kraepeiin,  1892).  The  subject  is  therefore  put  into  t°"^'^*'^^^ 
favorable  to  natural  sleep.  This  should  be  the  aim  in  their  ^^^'^P^'i^^^Se 
use.  I^arger  doses  produce  an  actual  stuiwr;  and  eventually  coma.  T^^^^Z 
stronger  hypnotics  (chloral)  also  depress  the  motor  functions.     Of  oib^^^ 
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functions,  the  blood  pressure  and  pulse  are  somewhat  lowered,  as  in  natural 
sleep.  The  skin  vessels  are  moderately  dilated.  The  brain  vessels  are 
also  dilated  (Berezin,  1916).  The  chloriaated  hj-pnotics  (chloral)  in  large 
doses,  have  a  direct  depressant  effect  on  the  medullary  centers,  especially 
the  respiration;  and  on  the  heart-muscle.  All  the  members  are  hemolytic 
when  added  directly  to  blood  (L.  Herrmann). 

Respiratory  Center.— Cushny  and  Lieb.  1915,  studied  the  behavior  of  decerebrated 
tahbits  under  ureihane.  The  other  lipolytic  h>-pnotic&  presumably  act  similarly. 
Tbev  I'ound  but  little  effect  on  ordinary  respiration  (in  intact  animals,  the  respiration 
would  be  dimini<^h«d  by  the  ^nctal  narcosis).  The  respiratory  rwponse  to  reflexes 
was  also  Qomial;  the  response  to  oxygen  deprivation  or  COi  was.  however,  lessened  or 
even  reversed. 

Hypnotic  Response  of  Decerebrated  Rabbits.— Chloral  and  urcthanc  have  a  much 
iDore  intensive  action  than  in  normal  animals.  Further,  while  normal  animals  are 
awakenni  from  chloral  sleep  by  cocoin  or  cadein,  decerebrated  animals  are  not  awak- 
ened.   TetnLhydroaapbthylamiQ  awalccna  cither  (Morita,  1915). 

Therapetitic  Indications. — Hypnotics  {Soporifics,  Somnifacients)  are 
used  to  procure  sleep  in  insomnia,  especially  when  more  physiologic 
measures  (removal  of  the  cause,  etc.)  are  not  applicable.  Their  continued 
use  generally  leads  to  tolerance  and  drtig-habits  and  should  l>e  avoided 
if  possible.  Full  doses  often  produce  acute  poisoning.  Doses  only  large 
enough  to  induce  sleep  indirectly  by  quieting  the  patient,  are  rarely  dan- 
gerous, and  can  be  used  temporarily  without  apprehension. 

Lia^tatfoos. — In  the  treatment  of  insomnia  it  must  be  remembered  that  the  drug*,  of 
this  class  act  purely  symptotnatically;  that  they  soon  Icwe  their  effect;  that  none  of  tncm 
are  entirely  free  from  objection,  be  it  throu^jh  the  tendency  to  the  formation  of  drug- 
babit,  through  an  irritant  effect,  or  through  the  danger  of  overdosage.  The>'  should  not 
therefore  be  resorted  to  e.xcept  in  case  of  necessity.  The  dose  at  the  bfRintiing  should 
be  very  small — it  muM  be  rememhercii  that  in  many  cases  ihe  aclinn  of  The  hypnotic 
itidf  need  aot  be  very  lasting,  for  sleep  once  induced  tends  of  itaclf  to  continue.  And 
thi.4  small  dosage  presents  toe  npn«)rtunity  uf  rnlarging  the  dose  when  the  paiient 
becomes  sccustomeo  toil.  When  the  hyjinolics  need  to  be  tnntinued  for  a  lonj;  time,  it 
'is  well  to  change  frequently  to  a  hypnotic  of  another  type,  to  return  to  the  first  later. 
This  obviates  to  a  great  extent  the  iiritanl  effects  and  also  the  difliculiy  of  the  patient 
becoming  accustomed  10  thi:  drug. 

Distnbutkm  of  Hypnotics  in  Brain. — This  has  been  investigated  by  GensJer,  1914 
and  1915;  utilizing  the  bromin  h>'pnotics,  neuronal,  bromural  and  adalia.  During 
the  narcotic  sleep,  the  ahsailute  quantity  of  bfomiii  found  in  the  brain  (all  in  organic 
form)  represents  only  about  1.4  per  cent,  of  the  ab-«rbed  hypnotics;  but  the  percentage 
ol  bromin  h  about  1 .8  times  Kreuter  than  that  in  the  irmaindcr  of  the  tissues,  including 
the  blood.  The  percentage  in  excited  conditions  is  about  the  same;  so  that  the  known 
fenstance  of  excitement  to  hypnotics,  as  would  be  expected,  is  due  to  the  altered  phys- 
iokgic  state,  and  not  to  altered  distribution.  The  distribution  is  also  unaffected  by 
itjcction  of  magnv-^tum,  althuugh  the  physiologic  effects  arc  additive. 

Blood  Lipoids. — The  intliiencc  of  amtinui-d  administration  of  aliphatic  hypDodca 
"•as  invcstisated  by  Wascr,  1915. 

Inflammation. — Otlnrat,  urethane,  and  nresumalily  the  other  aliphatic  narcotics 
■•ahibit  the  miitration  of  leucocyte-*  from  the  mfiamed  frog's  mesentery  (Ikcda,  1916). 


Comparison  of  the  Aliphatic  Hypnotics. — Chloral,  the  oldest  member 
of  the  group,  is  still  the  standard  by  which  lite  numerous  recent  drugs  are 
Judged.  Its  principal  disadvantages  are  the  unpleasant  taste  and  ga.stric 
Tritation,  if  taken  too  concentrated,  and  the  frequent  formation  of  a  habit. 
The  fear  of  respiratory  and  cardiac  depression  is  probably  unfounded  for 
**f^clinar\'  doses.  These  disadvantages,  at  most,  apply  mainly  to  large 
^c>scs,  which  are  rarely  necessar\*.  For  equivalent  effects,  the  disadvan- 
tages of  chloral  arc  probably  little  if  any  greater  than  those  of  its  substi- 
^t*s.    On  the  other  hand,  its  therapeutic  cfOciency  is  probably  superior 
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10  most:  its.  action  is  certain,  prompt,  sufficiently  lasting,  and  easily 
graduated  by  the  dosage.  The  various  compounds  of  chloral  have  do 
advantage,  since  they  act  only  after  being  transformed  into  chloral. 
Contraindications:  Chloral  should  be  used  with  some  caution  in  depression 
of  the  medullary  centers;  and  in  the  presence  of  vascular,  cardiac, renal, 
pulmonar\*  or  gastric  disease.     Its  efficiency  is  verj*  slight  against  pain. 

Paraltichyd  is  milder  ihan  chloral,  but  acts  ven,'  promptly,  and  does 
not  affect  the  respiration  and  heart.     It  is  quite  unpleasant  to  take. 

Bromurai  and  urcthane  act  very  weakly,  and,  like  bromids,  they  an 
suitable  only  for  mild   nervous  insomnias. 

Suiphonal  and  trianal  are  fairly  powerful,  but  act  very  slowly,  and 
produce  considerable  after-depression;  they  also  irritate  the  kidneys 
and   cause  dangerous  cumulative  effects. 

Veronal  is  as  effective  as  chloral,  and  has  less  side  actions.  Full  doses 
have  produced  severe  and  fatal  pulsooiag,  and  therapeutic  doses  may  cause 
cumulative  effects. 

A  critical  review  of  the  modern  hypnotics  is  furnished  hy  Grtsor,  1913.  This  djo 
describes  the  rather  insignificant  clinicjil  effects  on  Hood  pressure  (Siegfrietl,  igij) 

Compwison  with  O^er  Groups,— it  or  pkin  is  ordinarily  lew  cfTeclivc  than  chloral, 
but  is  &up<.-ritir  wlieii  insumiiia  is  iluc  to  iiain.  Sc^frotamin  is  usclui  especioUy  in  ps^xhic 
inaonuiia  and  insanity.  Apomorphin  \%  said  to  be  su(>erior  in  acute  alcoholism.  Br»- 
iiuds  arc  the  least  obJL-ctianablc,  but  arc  cftcctivc  only  m  mild  nc^^'QUS  cases,  worr>-.  etc. 

Compoeition  and  Action. — Certain  relations  have  been  found  to  exist  between  tbe 
chcmicr.-u  :>tructurc  and  action,  although  the  connection  is  probably  not  a  direct  one.  as 
expLoinnl  in  the  di<icu^<.ion  of  the  narco^i^  theories.  The  ethyl  ^roup  and  the  neit 
lugher  hotnologs  seem  to  be  especially  valuable  in  conferring  h>'pnotJC  action;  and  these 
arc  tiie  most  effective  in  the  presence  of  aldchyd  or  ketone  radicals.  Alcohol  nuJicals 
weaken  the  action,  so  that  j;)ycerin,  e.^.,  is  not  narcotic.  The  compounils  must  resist 
oxidation  sullidcntly,  in  order  that  their  action  may  be  laMinR, 

R6le  of  Chlortn. — The  narcotic  efTrct  is  greatly  enhanced  bv  the  introduction  lA 
chlorin.  as  shown  bv  the  comparison  of  acctsildehyd  and  chloral;  and  by  the  methane 
derivatives,  the  efficiency  of  which  increases  for  each  additional  chlorin  atom  from  me- 
thane to  carbon  tctrarhlorid.  This  pcruliar  property  of  the  chlorin  compound*  has  not 
been  explained.  Binz,  1877,  a&sumed  the  libcratioo  of  Irec  chlorin;  but  there  is  good 
evidence  that  this  can  not  occur  (Fraenkel). 

CHLORAL  HYDRATE 

General  Statement. — This  is  the  hydrate  of  trichloraldchyd,  obtained 
by  the  action  of  chlorin  on  alcohol: 


CHjCHO 

—  AcctjUdtihyil 


CCCHO 

-  Chlonl 


/OH 
CCI,CH< 

•  Ctilonl  hrdtmu 
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It  was  discovered  by  Liebig  in  1832,  and  was  introduced  as  a  hypnotic  by         -^ 
Liebreich  in  1869.     Marphin  was  the  only  active  hypnotic  known  to  that        J 
time.     Acctaldehyd  is  also  naraitic;  the  entrance  of  chlorin  greatly  in-       —M-rn- 
crcases  its  efficiency,  but  also  introduces  damaging  effects  on  the  respi-      — *<pi- 
raiian,  heart  and  metabolism,  similar  to  those  of  chloroform. 

Fate. — Chloral  is  readily  absorbed  from  all  mucous  membranes.  In  -«"«iJIn 
the  body  it  is  mainly  reduced  to  trichlorethyl  alcohol,  CCU'CHj-OH,  ^  .^^^H, 
which  is  also  hypnotic  but  less  powerful.  This  is  excreted  by  the  urine,,  ^»*3c, 
in  one  and  one-half  to  eighteen  hoiu^,  in  combination  with  glj-ctironic^  i^*-uc 
acid  (V.  Mering,  1881),  as  the  non-toxic  Irichlorclhyl-glyciironJc  ad<£>«nj(J 
(urochloralic  or  chloraluric  acid).  This  reduces  FchUng's  solution,  aiK^.K-v}d 
thus  gave  rise  to  the  erroneous  belief  that  chloral  causes  glycosuria.    I'  ,f    It 
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polanzcs  tothelefl,buldoesnutfcrmt:nl.    A  iruehyperglyccmiamayoccur 
in  profound  narcosis,  analogous  to  chloroform  (Jacobsen,  1913). 

AunAll  part  of  the  chlonil  i^  excreted  unchanged,  and  at  most  minimum  traces  as 
tDorganic  chlnrids  and  fhlorofom 

Li«breich*s  Theory. — Licbrfiuh,  iSti^,  was  led  to  try  chloral  by  the  assumption  that 
it  would  be  convened  intu  chlorulorm  in  the  organism,  as  it  is  by  alkulics  in  the  tcst- 


tabe: 


CCUCOH+KOH^ 

ChlonI 


'Cria.+K.CO,H 

ChlOTO-  Pot . 

form        forauu 


The  theory  was  disproved:  The  blood  and  expired  air  contaiiicd  no  chloroform,  or  at 
njnst  insignificant  traces  (N'lclmn,  1906I;  and  the  greater  pari  of  the  chloral  is  excreted 
io  ttie  conjusatrd  form.  Uiebreicli  aUo  stated  that  a  fraction  i&  excreted  as  chlorid; 
this  is  contradicted  by  Ka»t,  1887. 

Hypnotic  Action  of  Ordinary  Doses  fi  or  a  Gm.  for  man). — These  act 
ven*  promptly,' producing  drowsiness  in  ten  or  fifteen  minutes,  and  quiet, 
)und  sleep  within  an  hour,  mainly  by  diminishing  attention  to  external 
ltimu]i.  The  sleep  lasts  at  least  several  hours;  but  the  jMitient  can  be 
easily  and  completely  aroused,  and  awakens  refreshed,  generally  without 
depressant  after-efTecls.  The  sleep  is  therefore  stn'clly  physiological. 
Ver\-  exceptionally,  chloral  may  produce  excitement  and  even  delirium. 

Other  Fiinctioiis.— The  respiration  and  pulse  are  somewhat  slowed  and 
the  blood  pressure  and  temperature  slightly  lowered,  but  little  more  than 
in  ordinary  sleep.  In  respirator.^  and  especially  in  circulatory  diseases, 
these  depressant  effects  may  be  somewhat  more  pronounced,  and  may  per- 
haps lead  to  some  cyanosis  witli  the  larger  doses.  In  fact,  however,  the 
fear  of  respirator}-  and  cardiac  depression  is  based  essentially  on  faulty 
deductions  from  animal  experiments.  There  is  no  good  cliniral  evidence 
of  cardiac  depression;  while  the  danger  is  greater  in  cardiac  diseases,  it 
has  often  been  given  without  bad  eftects  (Cushny,  igi4).  The  experi- 
mental evidence  also  indicates  that  the  depressant  dose  is  considerably 
larger  than  the  therapeutic  dose  (Gunn,  1913.  19(4). 

Effects  of  Ptill  Doses.— In  man,  2  or  .5  Gm.  of  chloral  produce  very 
deep  sleep;  and  as  the  dosage  is  increased,  this  passes  into  stupor  and  coma, 
with  complete  muscular  relaxation.  The  other  depressant  effects  become 
much  more  important. 

The  depression  of  the  medulla  makes  itself  felt  by  slowing  of  the  res- 
(nraJion  and  fall  of  blood  pressure.  The  vasomotor  paralysis  is  so  promi- 
nent that  chloral  is  often  used  in  the  laboratory  to  secure  paralysis  of  this 
center.  The  pulse  is  also  slowed  through  direct  depression  of  the  cardiac 
muscle. 

As  in  the  case  of  chloroform,  it  is  impossible  to  state  to  what  extent 
the  vasomotor  and  the  cardiac  paralysis  respectively  are  concerned  in  the 
fall  of  blood  pressure.  A  dilaltUum  oj  the  cuianmus  vessels  is  quite  a 
marked  feature  and  may  lead  to  the  appearance  of  skin  eruptions.  Larger 
doses  always  cause  a  marked /aW  vjtcmpFrature  on  account  of  this  cutaneous 
vasodilatation  coupled  with  the  diminished  production  of  heat  from  mus- 
cular relaxation  and  probably  lessened  irritability  of  the  hcal-regulating 
centers.  The  temperature  regulation  in  deep  chloral-coma  resembles 
that  of  cold-blooded  animals  (SoUmann  and  Hatcher,  1908).  In  JaUU 
doses  death  is  ordinarily  caused  by  paralysis  of  the  respiratory  center, 
although  it  may  take  place  by  paralysis  of  a  weakened  heart,  just  as  in 
the  case  of  chloroform. 

Rscpintory  EffACta. — Cuahny,  141.), found  the  respiratory  center  depressed, irt  decere- 
brated rabbits.     With  ordinary  doses,  this  depreasion.  was  masked  by  the  accumulation 


594 


MANUAL  OF  FHAJtMACOLOCY 


of  COt,  so  OinL  the  respiratory  muvcmmts  were  almost  normal;  but  wilh  larger  d 
the  depression  predommsted,  with  dtiniDUtion  of  rite  and  depth.     Wicland.  1915,  »i 
{uund  Uic  CO.  UireshoM  raised. 

Cardiac  Efftctt. — These  are  similar  to  chlorofarm.     Applied  to  iht  exposed  be«n 
frogs  or  turtles,  chloral  produces  progressive  slowing;  diminished  contractility;  Icssei 
systole;  and  diastolic  standstill.    The  arrested  heart  at  first  rvspondA  easily  to  ^tim 
but  can   not    be  started    by  atropin.     Further  details  arc    described    by     W. 
Schultx,  1906.     ^niilar  depressant  effects  are  seen  in  the  mammalian  hrart  (Bock,  1 
(iunn,  1Q15).     The  deprc&sant  concentration  is  at  least  t  :  t,ooo;  the  falaJ,  i  :  4,' 
The  oxygen  consumption  of  the  heart  is  decreased,  but  not  as  much  as  tts  active. 
(Rohdf  and  ORawa,  1911). 

Sudden  stoppage  of  tbe  heart  may  occur  from  relatively  small  doses,  in  cats,  uin 
ihcinlliK-iiLc-iii  c-xtiumtnt  tSullmann,  1908).     This  resembles  some  of  the  human 

Vagus  Phenomena. — tn  nnhhits,  dns«s  too  small  to  affect  blood  pressure  or 
rate,  le^».>n  the  irritability  of  the  heart-muKle,  so  as  to  delay  markedly  the  resumption 
the  beat  under  continued  vagus  stimulation  (O.  Loevri,  191;).     Similar  pheoom 
occur  io  fiogs.    The  accderator  mickamsm  is  gcaenJIy  dcproscd  by  chloral  (Frederi. 
191^). 

Excised  Intestines. — The  movements  arc  increased  by  0.05  per  cent.,  diininisft~v  ^e«| 
by  strunj'cr  tunccntratiqns.  This  may  be  preceded  by  stimulation.  Later,  there  tK-^^^^M 
be  occasional  slow  hut  strong  contractions  (Scmbdner,  1915). 

Action  on  Metabolism. — This  consists  in  an  increased  destruction  of  protein.  t-i»e 
waste  products  being  excreted  in  a  less  completely  oxidtxed  condition  than  is  the  i~  ■»  m 
normally. 

Tbe  urine  Jlow  is  diminishei)  during  the  narcosii  CCiinsberg,  191 3),  a«  aliu  the  phen^^b/')- 
pbthalein  output  (Whipple  and  Speed,  1915).  The  uric  acid  excretion  ia  taiDewt^.Ai 
increased  (Abl,  loij). 

The  output  of  mtrogcn  and  neutral  sulphur  is  increased;  but  in  disiineiton  to  ckit^-^^ih 
form,  this  is  delayed  for  several  dav^  after  aJJ ministration  (Harnacb  and  Remerlz,  i^'Q^^g); 
nor  is  the  disturbance  as  great  as  with  chloroform.  Doses  so  large  as  to  maintain  aacsCft:^BC- 
sia  over  Iwcnty-fouT  hour^  may  not  produce  the  characteristic  effixts  of  prolon^c^ 
chloroform  administration  on  the  liver  and  kidncy-s,  or  only  occasionally,  and  t^^  a 
slight  degree  (Hopkins,  iqi  2).  Severe  chloral  coma,  however,  is  followed  by  prolon^^^ul 
anorexia,  marasmus  and  toss  of  weight  (SoUmann  and  Hatcher,  1908^  Lissauer,  (9  ^^4, 
also  found  changes  in  tbe  cardiac  ganglia  in  rabbits  (which  are  specially  susceptible)- 

The  Local  Action  of  Chloral.— This  is  so  pronounced  as  to  allow       of 
its  use  as  a  rubefacient.     Its  action  on  the  stomach  is  consequently  v^=-ry 
prominent,  and  it  must  be  largety  diluted  with  water  before  administ 
tion;  dsc  it  may  produce  vomiting.     In  any  case,  large  doses  are  apt 
show  after-effects,  referable  to  a  gastritis. 

Acute  Chloral  Poisoning. — The  lighter  grades  show  the  narcotic  p^Kie- 
nomena,  together  with  gastric  irritation  and  vomiting,  sometimes  follo^^^rd 
by  icterus  and  albuminuria,  skin  lesions,  and  ataxia.     In  severe  a^ses 
(as  by  "knock-out  drops")  there  is  prompt  collapse,  or  deUrium;  p«J-i*e 
scarcely  perceptible;  severe  fall  of  temperature;  cyanosis;  dyspnea,      or 
wry  slow  respiration.     In  fatal  cases,  death  is  rarely  delayed  bcy*^"*' 
five  hours  and  may  be  almost  immediate.    Fatal  relapses,  after  apparent 
recovery,  have  been  reported  (Piirdy,  1889).    Large  doses  (as  in  the  S«  »• 
ganoff  treatment  of  eclampsia)  may  kill  the  fetus  itt  utero  (Jung,  iqi4^ 

The  fatal  dose  averages  about  10  Gm.,  but  varies  greatly.  Death  |^*s 
been  reported  after  i  to  3  Gm.,  and  recovery  after  10  to  28  Gm.  (Lew^'O- 
Doses  above  3  Gm.  must  be  used  cautiously.  (The  dosage  for  cats  ***»* 
studied  by  Sollmann  and  Hatcher,  1908.) 

The  treatment  consists  in  gastric  lavage;  emetics  would  often  he  *^' 
effective.  The  patient  should  be  kept  warm.  CafFein,  strychnin  ^"^ 
atropin  are  useful.  The  heart  may  be  stimulated  by  hv-podermic  ii»  J^' 
tions  of  camphor.     .Artificial  respiration  is  given  as  needed. 

E^citncy  of  Cerebrai  Stimaiants. — These  are  of  little  avail  against  toxic   d^^^jT 
Light  chlural  sfcep.  however,  is  easily  broken  by  cailcin.  cocain  or  tetrabydronap'*^ 
amin;  not  by  phenol,  epinephrin  or  pituitary  (Airila,  1913). 
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Chronic  Chloral  Poisoning. — Chloral  habit  is  not  induced  as  readily 
^at  of  morphiji  or  alcohol;  but  it  is  not  rare.  It  presents  the  symptoms 
[  degenerations  of  chronic  alcoholism,  with  more  severe  gastric  and 
kneous  manifestations.  The  tolerance  is  only  moderately  increased 
I  sudden  death  is  not  infrequent.  Chronic  chloral  poisoning  has  been 
lied  in  dogs  by  Wallace,  1912.  Habituation  to  morphin  does  not 
|er  tolerance  for  chloral  {H.  B.  Myers,  1916). 

Chloral  habit  is  treated  in  the  same  general  manner  as  other  drug- 
its. 

Therapeutic  Uses.— Chloral,  as  all  the  aliphatic  hypnotics,  is  used 
ecially  in  insomnia  of  psychic  origin.  In  ordinary  nervous  insomnia 
|iould  be  given  in  small  doses  of  0,3  to  i  Gm.  ($  to  15  gr.),  usefully 
^ined  with  i  Gm.  of  sodium  bromicl.  Its  taste  i.s  not  easily  disguised; 
lay  be  given  in  shern,*  or  Syr.  Auranlii.  Larger  doses  are  needed  in 
|ia  and  in  ilelirium  tremens.  In  the  latter  condition,  the  large  doses 
p  often  caused  collapse.  U  h  nut  very  effective  against  febrile  de- 
■n  or  pain.  The  addition  of  morpbln  secures  a  stronger  eSect  than 
|her  were  used  alone  (Knell,  itjo;). 

Chloral  is  one  of  the  most  useful  sedatives  against  the  convitlsions  of 
:hmn,  tetanus  (Dreyfus,  1914):  eclampsia,  etc.  Fairly  large  doses 
iccded;  but  it  is  safer  to  use  moderate  dosts  (2  to  ^  Gm.)  repeated  at 
long  intervals  (to  five  or  six  times  per  day),  and  supplemented  by 
reform  inhalation.  Chloral  may  be  given  by  rectum:  and  is  thus  rather 
effective  than  by  mouth.  It  can  not  be  used  hypodermically,  be- 
ef its  irritant  action. 
'hloral  is  also  used  in  asthma  and  seaskhiess^  but  the  benefits  are 
rtain. 

jcaUy,  it  is  sometimes  employed  against  neuralgia  and  pruritus,  as 
>inlment  (15  per  cent.),  or  as  chloral  camphoratum,  N.F  (the  liquid 
Iting  by  triturating  equal  parts  of  chloral  and  camphor. 

PREPARATIONS — CHLORINATED  HYP.NOnCS 

fCidoral$im  llydraltm,   U.S.P.;  Chloral  Uydras,   H.P.   (Chloral   Ilydr).;  Bydraiti 

|r«i.  Ca»COJi  +  HjO. — Colorless  transparent  crystals,  of  i>enelrating  aromatic 

and  Uuerish  caustic  uut«.     Slowly  volatilized  when  exposed  to  air.     Very  sol.  io 

(i :  0.35);  freely  sol.  in  ale.  (i  :  1.3)  or  cth.  and  oils,  fixed  or  volatile,     incompaii- 

ritti  alkalies,  carbonates,  and  cnmjpoumls  of  Hg.,  I,  or  Ph.     /)»■*.  0.5  Gm.,  8  gr., 

P.;  0.1  to  I.J  Gm.,  510  JOgT.,  li.P.;  largely  diluted.     Maximal  dou.  4  Gm.,  60  gr. 

^yr  Cmpral.  B.P.— lo  per  cent.     Doic,  1  lo  i  ex..  ^  to  i  dram;^,  B.P.    One  dram 

II  gr.  of  chloral. 


OTHER  CHLORINATED  HYPNOTICS 

'Many  of  these  have  been  Huggested  as  substitules  for  chloral,  but  none 
^seriously  superior.  Several  are  comijounds  which  owe  their  activity 
fccly  to  the  liberation  of  chloral.  Since  promptness  of  action  is  gcaer- 
r  desirable,  the  slow  and  uncertain  liberation  is  a  disadvantage. 

Bntyl-chloral  Hydras,  B.P.,  N.N.R.;  Croton-Chloral  Hydrate,  CHrCHa-car- 
lOH)«. — This  was  also  introduced  by  Licbrcich,  1871.  Its  action  is  more  [mwcrful 
phorter  than  that  of  chloral  (Mering,  1875}.  It  ha5  been  used  especially  in  facial 
Igia.     Sol.  in  water  u  :  40) ;  very  sol.  in  ale.  or  glyc.     Dose,  03  to  1 .  j  Gm.,  5  to  10 

P, 
ulorbutuul,    N.N.R.;    Chloroform-acetone;    Methalorm:    Chloretone,  CCUC- 
)CHi-CHi. — This  is  produced  by  the  action  of  caustic  alkalies  on  a  mixture  of 
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chloroform  and  acetone.     It  acts  similarly  to  chlorti,  aiut  itt  probably  rather  more  tniic 
(Impens,  igoi);  icxjgr.  have  caused  severe  poiftoalog,  but  recovery  occurred  (for  {urtbct 
details.  Seifert,  Xclwnwtrk.,  1915.  p.  44)-     It  is  used  maiiily  u  a  mild  local  aneslh«tk. 
antiseptic  and  preservative  for  hypodermic  solutions.     Dose,  o.j  to  1.5  Gm.,  5  10  »*• 
gr..  as  powder.     Locally,  as  saturated  watery  solutioo,  &  :  1,000.     It  is  so),  in  oils.  af»^ 
easily  so!,  in  ale.  and  fal-si'il vents. 

Chlorbuta.no!  is  used  as  an  antsihelic  for  laboratory  animals,  as  it  allows  of  long  op«'^^. 
lions  without  requiring  any  attention.     The  doRs  are  given  the  uaual  dose  of  morplu-^^^ 
As  &oon  3&  vomiting  has  occurred,  0.3  Gm.  of  chlorbutaaol  per  kilogram  of  anioul.  _.-^jJV 
administered  by  stomach-tube.     The  chlorbutanol  is  previously  dksolvod  in  the  iititt<!^ 
est  [lossiblc  amount  of  alcohnl.     The  anMlhesia  is  complete  in  ftftcen  to  twenty 
utes,  and  lasU  several  hours.     The  blood  pressure  falls  rapidly  in  rabbits,  slowljr  !*• 
dogs,     rhliirliutanol  is  inatKisahlc  when  it  is  mshed  to  have  the  animal  recover. 

ChloraJonnamidum  (CtiiomI  rormam.),  B.P.  (ChloraUimid),  CCU  CH(OIO  NH- 
COH- — ^Tlii^  Wits  intrtMjuci-d  by  v.  Mering,  1889,  with  the  idea  that  the  formanid 
(CHON'Ili)  would  counteract  the  medullary  depression  of  the  chloraL  This  wis  not 
re:i1izvd;  it  Is  merely  a  le<ts  active  hypnotic,  being  probably  slowly  decomposed  bto 
chloral.     Sol.  in  water,  freely  m  ale.     Dose,  i  to  1  Gm.,  15  to  45  Rr.,  B.P. 

Chloralose. — This  rompound  of  chloral  and  glucose  was  introduced  by  Hefftci, 
18H8  and  1893.  It  Ls  often  contaminated  with  the  non-hypootic  but  toxic  pttnchlo- 
ralose  (Monso,  ifUj^). 

Isopral,  trichlansopropyl  alcohol,  is  over  twice  as  active  as  chloral,  and  its  action  a 
more  prompt.  TrngHrns,  fijo,i.  claimed  that  It  is  ftofer  than  chloral;  hut  SoUmann  and 
tlatcher,  1908,  have  shown  this  claim  to  be  totally  unjusti&ed.  'I  he  cUoical  sdc 
actions  are  described  by  Seifert,  Ncbenwiilt.,  I9IS»  P-  7*- 

PARALDEHYD 

General  Statement— This  wa.s  introduced  by  Cervello,  tSSs.    Its 
actions  are  .similar  to  those  of  alcohol  (Kraepelin,  i8pi);  but  the  h\-pnoiic 
effect  is  more  powerful,  and  sets  in  verj-  prompliy,  so  that  the  patient  may 
bo  asleep  in  ten  to  fifteen  minutes.     He  should  therefore  be  in  bed  before 
the  druK  is  given.     The  sleep  is  normal;  and  with  ordinary  doses,  without 
aftereffects.     The  druK  is  less  certain  and  less  powerful  than  chloral; 
but  therapeutic  doses  do  not  lend  to  depress  the  heart  and  respiration.     _ 
It  is  not  analgesic.     Its  principal  disadvantages  arc  the  disagreeable    -3 
pungent  taste;  fusc1-oil  odor  of  the  breath,  persisting  over  a  day;  irritation  .«-] 
of  the  throat  antl  stiJinach;  dizziness  and  faintness  (Seifert,  Nebcnwirk.,  ^  _ 
i9^Sf  P-  64).     Tolerance  is  generally  acquired,  and  a  habit  is  not  infre — : 
quent.     This  presents  the  phenomena  of  chronic  alcoholism,  including 
delirium  tremens  (Fornaca  and  QucrelU,  1912).     Its  acute  toxicity  is  low, 
so  that  100  Gm.  produced  only  ver>'  prolonged  sleep. 

bidications  and  Administratioa. — Paraldehyd  is  used  when  chloral  iti  i  ii 
contraindicalcd,  particularly  in  delirium  tremens  (Thcunisan,  1915)  Cs  $); 
in  the  insane;  in  alternation  with  other  hypnotics,  etc.  The  ordinary  dosti^^<z>osi 
is  3  CO.,  45  minims,  raised  in  severe  cases  to  5  to  15  c.c.  (r  to  43).  It  i*  -'^J 
beat  given  in  iced  water,  tea  or  claret.  I 

Metabotism. — Hypnotic  dnses  (in  dogs)  lower  the  blood-su^ar,  and  ha^-e  no  e3ec 
on  the  nitroKcn  excretion,     Anesthetic  doses  produce  considerable  h>-pcr]^ycemia  aao.^     U 
Klycosuria,  and  a  considerable  decrease  of  nitrogen  excretion  (Powell.  1914). 

Other  aldehyds  of  fatty  adds  are  said  to  produce  arterial  disease  in  n.btuti  (Dean . 
and  Krotbittgham.  1914). 


^XJ 


^^.CBJUj 


PREPARATIONS — PARALDEHYD 

'ParaiAtkydnm  (Paraldehyd.),  U.S.P.,  B.P.,  (CHiCHOj— A  polymer  of  pAnl<ii<>i 
hyd.     Colorless  transparent  liquid,  of  strong  characteristic  odor  and  bttming  tast^-i 
Sol.inwalcr(i  ;  8),  freely  mi^ible  with  ale.     />c»,  3  c.c.,30  mimins,  U.S.P.;  2  to8c»— • 
>i  to  3  drams,  B.P.    Maximai  iost,  $  Gm.,  75  gr. 


a. 


SULPHONAL    (SULPHONMETHANXJM) 
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Amyien   UydfOte   (Harnack  and  Meyer,  1894). — Tertiary  aiuyl  alcohol,  (CHOi- 
C'CsHiOH.     It  ranks  between  chloral  and  paraldebyd.     It  is  said  to  lessen  the  poly- 
dipna  aod  polyuria  of  dtahrtei  insipidtt\.     Culoriess  Quid;  &0I.  in  8  parts  of  water,  readily 
ale.     Doit,  I  to  3  Gtu.  (13  to  30  gr.l.  in  glycerin. 


SULPHONAL  (STJLPHONMETHAWTJM) 


General  Statement, 
mann  and  Kasl,  i388. 


-The  e thy I-sqI phones  were  introduced  by  Bau- 
Sulphonal  has  the  structure: 


CH, 


CH, 


>< 


SOj-CHft 


SOrCsHb 


The  hypnotic  action  is  connectetl  with  the  ethyl  radicals,  and  is  further 
cnbauccd  by  replacing  the  remaining  methyl  radicals  with  ethyl  (trional, 
one  replaced;  Ulronai,  both  replaced). 

Sulphonal  is  a  rather  powerful  hypnotic,  but  a  weak  analgesic.  Its 
absorption  and  therefore  its  cSecls  arc  slow,  sleep  occurring  only  after 
one  to  five  hours.  Its  administration  must  therefore  be  properly  timed. 
The  sleep  lasts  six  to  eight  hours,  and  the  effect  persists  somewhat  during 
the  next  day.  with  vertigo,  lassitude,  drowsiness,  and  depression.  This  is 
due  to  the  delayed  excretion,  which  is  even  slower  than  the  absorption; 
thus  tending  to  cumulative  effects  and  very  dangerous  poisoning,  if  the 
administration  is  continued  over  longer  periods.  Sulphonal  is  therefore 
unsuitable  for  prolonged  use.  In  acute  cases,  or  in  alternation  with  other 
hypnotics,  it  has  several  advantages.  Its  taste  is  not  unpleasant;  it  does 
not  produce  gastric  irritation;  ordinary  doses  do  not  affect  repiration  and 
circulation;  and  the  fatal  dose  is  generally  much  higher  than  the  therapeutic. 
It  does  not  induce  tolerance,  but  may  probably  cause  a  habit. 

Acute  Poisoning. — ^The  symptoms  consist  in  prolonged  and  profound 
sleep,  witli  gradual  failure  of  the  circulation  and  respiration.  Death 
occurs  usually  after  several  days.  It  has  been  reported  from  5  to  \o  Gm. 
(Rnaggs,  1890);  while  100  Gm.  have  been  survived  (.Neisscr,  1891). 

Chnnuc  Poisoning. — This  has  been  produced  even  by  ordinary  thera- 
peutic doses,  when  continued  for  some  weeks.  The  sj-mntoms  develop 
slowly  and  consist  in  nen'ous  depres.sion,  gaslro-inteslinal  disturbances, 
and  urinary  chanj3;es.  The  appearance  of  hematoporph\Tin  in  the  urine 
(dark  cherry  color)  is  particularly  characteristic.  Skin  eruptions  are  some- 
times seen.  If  the  drug  is  stopped  when  the  symptoms  are  light,  recovery 
occurs,  but  is  ver\-  slow.  After  the  urine  changes  have  set  in,  the  prognosis 
is  discouraging;  death  occurring  after  some  weeks  by  general  exhaustion. 
The  autopsy  is  generally  negative  (Taylor  and  Sailer.  1900). 

The  principal  symptoms  of  chronic  poisoning  are  the  following:  Nervaits:  confusion, 
pareses.  ataxia.  Dierstive:  Almost  continuous  vomiting,  nbdominal  pain,  particularly 
About  umbilicus,  with  tympanites  and  obstinate  diarrhea  ur  cant;lipatioa  (A.  W.  Rogers, 
IJH2).  Vrint:  Hcmatoporphyrin.  methcmoRlobin  and  red  corpuscles,  albumin,  cast*, 
iigh  acidity.  The  literature  of  the  side  actions  is  given  by  Sciftrt.  NcbcnwJrk.,  igij, 
p.  92;  Trional,  p.  94. 

The  occurrence  of  kfmalo porphyrin  was  described  by  Stokvb,  1889.  It  is  rarely 
seen  in  acute  poisonine,  but  U  very  frequent  And  f-oirly  early  in  chronic  poisoning.  It 
on  be  produced  in  rabbits,  but  not  in  dogs  (Ncubauer,  1900).  The  bcmatoporphyrin 
3s  olfto  round  in  the  bile  (Pfoertner.  1Q14). 

Excretioo.— Sult^onal  is  excreted  portly  11&  ethyl-sulphonic  acid,  partly  unchanged 
liy  the  urine  and  intestines. 
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Adnuslstration. — Sulphonal  is  used  in  nervous  insomnia,  espedaAW 
when  chloral  is  contraindicated.  The  ordinarj'  doses,  0.75  to  i  Gm. »  10 
to  15  gr.,  or  in  severe  cases  2  Gm.,  are  taken  in  hot  milk  at  least  /our  houn> 
before  bedtime.  A  smaller  dose  may  be  taken  the  second  night.  THe 
administration  should  not  be  continued  beyond  a  week,  when  an  ir»  Per- 
mission must  be  made.  It  is  generally  advisable  to  prescribe  cathartics, 
alkalies  and  plenty  of  water. 

TRIOMAL 

Trionai  is  more  effective  than  sulphonal;  and  l>eing  more  soluble,  its 
absorption  and  action  are  more  prompt,  producing  sleep  in  one-half  to 
one  hour.  It  has  the  same  dangers  as  sulphonal,  and  the  latter  is  mucii 
more  commonly  used. 

TETRONAL 
Tetronal  is  less  soluble,  and  therefore  too  slow. 

PREPARATIONS — hV  LPHO  N  ALS 

*Stilphoni>uthaHum  (Sulphonmcth.),  U.S.P.  Sitlpknnai,  B.P.  (DiethyUuJphoDe- 
dimelhyl-melhane);  (CHi)i.C.(S07CjH»)i. — Colorless,  odoriess  and  De&rly  usteUM 
crystalline  powder,  slightly  sol.  in  water  (1:365);  sol.  in  boiling  nater  (1:  i5)and  »n  »lt. 
{1:60).  Dose,  0.75  Gm.,  li  gr.,  U.S.P.,  0.6  to  2  Gm.,  to  to  30  gr.,  B.P.,  as  po^K^w- 
MajiimaJ  dose,  3  Gm.,  30  gr. 

SuiphoHethylmflhaiium  (Sulphonethylmelh.),  U.S.P.;  ifcthylsMlpkoiul,  B.P.  tTit- 
onaJ;  DicthyUulphone-melhyiethyl-methane);  (CH.)  (CiH,)C(SO,C,H,),.— Colorto*. 
odorless,  crystalline  st-alcs;  bitter  taste.  Slightly  Ml.  in  water  {i:ioo(;  uA.  in  .•*- 
Dose,  o.jii  Cm.,  1  j  gr,,  U-S.P..  0.6  to  1.3  Gm,.  10  to  logr.,  B.P.,  a&  powder.  1/ax«»** 
dcse,  3  Gm.,  30  gi. 


HYPNOTIC  UREA  DERIVATIVES 

These  furnish  a  convenient  means  of  exhibiting  the  alkyl  group*  »}^* 
efficiency  being  apparently  enhanced  by   the  urea  combination.  '^^ 

three  most  important  types  of  compounds  are  represented  by  Brotx^*- ■^''^^• 
Veronal  and  Urethane,  as  may  be  seen  from  the  following  formulae  ~ 

NH.  NHi 

CO  /  CO  / 

NHj  NHCOCHBrCH(CH.)j 

m    Urea  >    Bromural  ta-inanatMy>in-wov«Jvn'1-ur«ft) 

NH— CO  CjHi 

co/ 

NH— CO  CjHs 

*  V«rQiwl  fdi«thrL-malajiyl-arM;di«thyl-b«rt)ilafic«ct4V 

NH,  NH,  NH, 

Co/  CH« 

och/ 


X 


CO 


OH 


< 


0-C«H« 


~    Cvbunk  ftdd     *  UreUmtw  (cthjrl-carbunate)     m  HaAaiml  Imvlhrl-propy^ 

cmrfainol-u  rclMBt ) 


HYPNOTIC   UREA   DERIVATIVES 


599 


VERONAL  (DIETHyL-BARBlTURIC  ACID) 

j^eneral  Statement^This  was  introduced  by  E.  Fischer  and  Mering, 
d  1905.  It  has  a  number  of  advantages  over  the  other  hypnotics: 
even  more  powerful  than  chloral  and  somewhat  more  analgesic;  it 
Iocs  not  produce  local  irritation,  and  the  taste  is  not  so  disagreeable.  The 
pargin  between  the  ordinary  therapeutic  dose  (0.5  Gm.)  and  the  toxic 
9»c  (usually  8  to  10  Gm.)  is  somewhat  wider;  and  the  ordinary 
OSes  have  little  effect  on  the  blood  pressure  and  respiration, 
lowever.  fatal  collapse  (by  peripheral  paralysis  of  the  blood  vessels)  has 
ccurred  in  several  cases  from  relatively  small  doses  (ro  to  15  gr..  0.65  to 
iGm.,  J.A.M.A.,  53,  183J;,  1909).  On  the  other  hand,  recoverv*  has 
(suited  after  10  Gm,  Small  doses  arc  somewhat  diuretic  (A.  Hofl^man, 
906).  The  action  is  rather  slower  than  with  chloral,  but  more  rapid  than 
ilh  stdphonal.  After-depression  is  exceptional,  but  more  common  than 
ith  chloral.    The  usual  dose,  0.5  Gnii,  8  gr.,  induces  a  deep,  dreamless 

r:p  in  one-half  hour;  or  even  more  promptly  if  the  soluble  sodium  salt 
used.  The  patient  generally  awakens  refreshed,  but  exceptionally 
Iffers  from  lassitude,  vertigo,  headache,  nausea,  diarrhea,  and  skin 
faiptions. 

I   Veronal  is  excreted  slowly,  so  that  ordinary'-  doses  may  produce  serious 

bnulative  effects  similar  to  those  of  sulphonal,  but  rather  more  slowly. 

srvous  symptoms  are  especially  prominent   (Glaser.   1914).     It  must 

refore  be  intermitted  after  a  week.     Habit  has  been  reported  (Krep, 

(S),  but  tolerance  is  not  easily  acquired. 

Acnte  Veronal  Poisoning. — Thu  ba»  been  rather  frequent;  a  number  of  cases  ate 

lected  by  Heffter  uid  Loeb,  iqo6.     They  prt-M<rnt  the  plienoraemi  oi  coma,  fall  of* 

od  pressure,  feeble  lieart,  vasodilation,  marked  fall  of  temperature  even  with  moder- 
e  dose*,  increased  reflcxi-s,  sometimes  convuliuoiu:  slower  and  especially  shallow 
IpiratioD,  asphvxiii.  but  nith  ci)n<;trictcd  pupib;  renal  irritation,  diminished  urine  or 
Buia;  exanthemata  (circunucribcd  dermatitis.  rei>orted  by  Zeblcr.  igis).  Rommel. 
1^3,  describes  rpitheiial  necrosis  of  the  ki<lnc>'^  in  two  futal  cases,  without  cltnkal 
BkA  of  nephritis.  The  general  effects  tiave  t>cen  investigated  by  Groctwr,  1911; 
icmer,  191-j;  and  by  Jaculij,  igis. 

The  literature  of  the  cUoical  side  actions  is  given  by  Seifert,  Nebenwirk.,  191$,  pp. 

and  1^4;. 

VniodDator  Action. — Jacobj  and  Roemer,  tgi  i ,  refer  the  toxic  peculiarities  of  veronal 
direct  action  on  the  blood  vessels,  perhaps  ana!u>;iiur(  to  an  arsenic  etiect.  They 
efore  ad%'ifte  against  it<;  u^e  when  the  drculatiun  and  respiration  are  depre«dcd. 

The  treatment  of  acute  poisoning  would  be  along  the  same  lines  as  (or  chloral: 
■ige,  cathartics  and  stimulants.     Bachem  found  caffdn  the  best  antidote.     Tholl, 

r7,  also  recommends  acetic  ether. 
Flite  and  Excretion. — Veronal  is  excreted  almost  exclusively  by  the  urine,  only  tracer 
Rearing  in  the  feces.  When  given  by  mouth,  about  63  per  cent,  arc  eliminated  un- 
^D£cd.  This  proportion  is  not  olternj  on  continued  use,  so  that  the  rcmaindrt  mu«l 
H||tfro>'ed  {A.  Hoffman.  IQ06).  The  proportion  excreted  mav  rise  to  (>o  i>er  cent. 
^^Bnli  dotes  h>-podermically;  and  fall  to  onc-balf  with  large  doses  (Bachem,  igio). 
^mKretion  if.  very  slow,  requiring  se\-eral  da>-s  even  after  0.5  Gm.  This  csplalns 
r    cumulative  effects. 

l^^hraoic  Veronal  Ptrisooinc. — This  shows  confusion,  ataxia,  debility,  gastro-intea* 
fckJ  irritation,  anemia  and  hematoporphyrin. 

I    Indications.^ — Veronal  is  used  in  nerx'ous  insomnia,  mania  and  delirium. 

Bppi-ars  to  be  highly  effective  in  delirium  tremens,  0.5  Gm.,  three  times 
y  (Dreyfus,  1914).     It  has  also  been  employed  against  vomiting,  sea- 
_:.ness,  migraine,  and  for  combination  anesthesias  (Wolfram,   1906). 
lis  taken  dry  or  in  hot  liquids.    If  a  more  rapid  action  is  desired,  (he 
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soluble  sodium  salt  may  be  given  (Katzenstein,  1909);  but  its  taste  is  moi 
disagrecaWe. 

PREPARATIONS — VERONALS 

'Acidum  Diaelhyl-burhituruum  (Acid  Dtaetliylbarb.),  X.N.R.;  BarhUtmtOH.  ^  _T, 
(Veronal;  Uiclhyl-malonyl-urca. — While.  cr>-slallinc  powder,  odorlens.  faintly  bitCcr. 
Slightly  sol.  in  water  (1 :  150);  sol.  in  bniling  wnlcr  (1:12)  and  in  ale.  Dost,  0.3  \o  ^3  A 
(>m.,  s  to  10  gr..  n.P.,  in  hot  milk  or  hot  lemonade.     Atatimal  dost.  1  Cm..  15  %t. 

Sodii  Diatihyl'ifitrbilHras,  N'.N.R.  (Veronal  Sixlium;  Medinall. — TT*e  moKBo- 
.sodium  salt.  Freely  sol.  in  water,  the  solution  ha\-ing  a  hitler  olluUne  iastt.  Ma.3r  Iw 
used  by  rectum  and  jwrhaps  hv-podermicalty. 

Dipropyl-barhituric  A  cid,  Fropotuii.  was  also  intrt»duc*d  by  Fischer  and  Merinjt, 
and  1905.    It  is  more  jiowerful  than  veronal,  but  more  <UiOf;crous  and  \c*i  reliable. 

Phenyltlhyi-barhilurk  Acid,  .N.N.R.;  Luminal.— Resembles  Proponal  (Crt 
n)i3).  Its  sodium  salt  has  bet-n  iLstil  h>TX»dermtcally,  cftpedally  in  epilepsy  ^2U. 
KJntz,  191. 0-  Thehs-pnoticand  fatal  doMr  arc  close  toRCiher.  and  theciraiIalor>-dcp«->e»- 
sion  is  sc\*cre.  Tadtici,  1915.  protests  ngiun.it  its  use  as  too  dnn^^rous.  The  litrrat  ajft 
of  the  clinical  Mde  artion-i  v%  given  by  Scifert,  N'ehenwirk.,  iQifi,  p.  73.  Diai  (Du&lX>i- 
malonylurea)  has  no  advantage  over  other  urcid  hypnotics  (Castaldi,  1915). 

BROMtTRAL,  N.N.R. 

This  is  a  prompt  but  very  mild  hvpnolic.  effective  only  in  flight  r«rvou5  inHvtnramM. 
It  is  not  aiuuKCsic,  aod  is  rendered  ineffective  by  cough  or  delirium.  Ordinary  d<jBCi 
have  no  ^ide  effects  (v.d.  Eeckhout.  1007;  SoUmnnn  and  Hatcher,  1908.  litrrat  ».an, 
Scifert.  Xcbenmrk.,  191 5,  p.  4S).  In  man,  0.3  too.Q  fim.areclTcctivcin  five  lo  iw«r».ty- 
five  minutes,  producing  a  natural  sleep  lasting  three  to  five  hours,  without  excileti-»*nt 
(Kriej;er  and  v.d.  Veloen).  It  diasolves  in  hot  water,  but  not  in  cold.  AitolJD  ki  a 
closely  related  substance. 


URETHANES 

These  have  been  disappoiming  in  man;  the  hypnotic  action  is  fee *^It- 
and  patients  soon  become  immune.  The  efficiency  increases  with  the 
magnitude  of  the  alkyl  radicals  (Bind).  There  is  also  a  decided  diur^^tic 
effect. 

ETHYL  CARBAMATE  * 

Thi<^  acts  more  sallafactorily  on  animals  than  on  miui;  produclnf;  a  rapid  ^  ^T~ 
profound  narcosis,  wirh  little  change  in  the  circulation  or  respiratioo  (Schnufdeb^^''^{[I 
1885).     It  ii  therefore  employed  as  a  lalioraiory  anesthetic.    Tne  COi  ihraboU  «(  -v 


respiratory  center  t»,  however,  somewhat  raised   (Wicland,  1915).     It  dccreuo 
oxygen  consumE>Uon  (Wintcrslcin,  igi4).    Large  doses  cau«e  in  rabbits  a  vieil 


degeneration  ol  the  hepatic  epithelium  (Solbnann). 


vieiic=^ 


jdM 


It  alsij  li>wfrs  the  plienolphlhalein  oulput  (Whipple  and  Speed.  1915)'     L*rs* *'^°"''^eilte 


produce  kyperdycirmia,  independent  of  the  quantity  of  liver- glycogen  and  efdnepl 
and  unaffected  by  pituitary.  Bang,  roi4.  believes  that  it  act5  through  paocr 
degeneration.     It  i«  excreted  &;  iirca.     Side  actions,  Selfert,  \*el»cnwirk.,  1915,  p.  9 

PREPARATIONS — ITIETHANES 

A^kytii  Carbaiaas  (.€thyl.  Carbarn.).  U.S.P.  (Cr«thane)j  CO(OCiHi)NH,, 
tess.  odorless  crystab  of  salme  taste.     Very  sol.  in  water  (1:0.45)  B^d  u>  *^  im- 
post, I  Om.,  IS  gr..  U.SP.^  to  4  dm. 

Htdottai,  N.N.R.,  is  twice  as  active  as  urcthanc  (.Dreser,  1S99).     It  has  the  lai*- 
general  effects,  it.s  absorption  is  relatively  slow  and  it  is  more  toxic.     Its  dose 
double  that  of  chloral.     It  hiis  been  used  intravenously'  for  nnestbesia  ijc: 
Page,  10)  3);  a  o.  75  per  cent,  solution  in  nonnal  saline  being  iniecteil  at  the  rate 
c.c.  per  five  minutes,  reduced  to  50  c.c.  when  anesthesia  is  attained.     Its  tne  la  ' 
out,     Literature,  Seilert,  Ncbenwirk.,  (915,  p.  67. 


THE   SVSTESnC    ACTIONS    OF   GASES 
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General  Statement — ^The 


if 


itial  to  lifr. 


respiration  o|  oxygen 
I  deficient  supply  of  ihJs  gas  leads  to  the  phenomena  of  asph\'xia.  A 
lumber  of  gases  (N,H,CH*)  act  merely  liy  excluding  oxygen  mechanically. 
""his  also  forms  an  imjiortant  element  in  the  action  of  nitrous  oxid,  as 
gdinarily  used.  Carbon  monoxid  also  acts  by  excluding  oxygen,  but  it 
pes  so  chcniically.  Other  gases  have  specific,  direct  actions,  especially 
n  the  central  nervous  system.  Oxygen  itself,  when  at  a  pressure  of  sev- 
ral  atmospheres,  is  toxic.  Carbonic  acid  and  nilrous  oxid  produce  their 
eculiar  actions  at  lower  pressures,  but  the  air  must  contain  considerable 
ro|Mirtions.  Sulphuretted  and  arseniuretted  hydrogen  are  toxic  in  very 
mall  proportions.  The  gaseous  acids  (sulphurous,  nitrous,  etc.),  alkalies 
unmonia)  and  halogens  (bromin  and  chlorid)  act  mainly  as  local  irritants, 
femprcssed  air  acts  mechanically. 

I  Rapidity  of  ActioiL — The  effects  of  gases  appear  very  promptly  after 
Iginning  the  inhalation,  and  disappear  as  rapidly  when  ihe  animal  is 
lade  to  respire  pure  air.  This  is  due  to  the  large  surface  and  large 
uantity  of  blood  exposed  to  them  in  the  lungs.  As  these  factors  are  rela- 
|vely  greater  in  small  mammals,  these  succumb  and  recover  verj'  much 
"  >re  rapidly  than  man,  and  may  indeed  be  usc<J  as  a  test  of  the  safety  of 

suspected  air.     Whilst  the  recovery  from  the  direct  effects  of  gases  is 

>id,  indirect  after-effects  may  be  very  persistent. 
The  quantitaiivc  efect  aj  gases  depends  on  their  partial  pressure  in  the  air. 
It  ordinary  barometric  pressure,  this  is  equal  to  the  volume-percentage  of 
Ae  gas.  But  it  is  important  to  remember  that  the  effect  of  the  normal 
percentage  t>f  ox)*gen  at  half  an  atmosphere  pressure  is  the  same  as  that  of 
naif  the  percentage  at  ordinarj-  pressure;  and  conversely,  that  i  per  cent. 
of  a  gas  at  3  atmospheres  produces  the  same  efTcci  as  5  per  cent,  at  i 
atmusphcre. 

i  The  symptoms  produced  by  most  toxic  gases  resemble  those  of  a:>phyxia. 
Ift<l  this  whether  the  effect  is  produced  by  the  absence  of  oxygen;  or 
whether  the  gas  has  a  specific  toxidly.  They  are  closely  related  to  those 
fit  anesthetics. 

E  General  Statement. — Nitrous  oxid,  N3O,  nitrogen  monoxid  or  prol- 
|add,  "Laughing  Cias."  was  the  first  of  the  inhalation  anesthetics  and  is 
still  the  safest.  When  inhaled  undiluted,  it  produces  very  rapidly  un- 
consciousness and  anesthesia,  partly  by  a  direct  narcotic  action,  and  partly 
by  exclusion  of  oxygen.  The  asphyxia  limits  its  use  to  ver)'  short  oper- 
ations, such  as  the  extraction  of  teeth.  It  has  the  advantages  of  prompt 
action  and  recovery,  absence  of  irritation  and  of  after-effects,  and  is 
practically  devoid  of  danger.  H>'  the  addition  of  oxygen,  the  asphyxia! 
factor  may  be  removed.  The  anesthesia  alsti  becomes  slower  and  lighter; 
but  by  carefully  adjusting  the  [>crcentage  of  oxygen  (5  to  10  per  cent.),  a 
satisfactory  degree  of  surgical  anesthesia  can  be  maintained  for  long 
periods,  without  letting  the  asphyxia  obtain  dangerous  proportions, 
lilrous  oxid  is  especially  valuable  in  the  '"Gas-Ether  Sequence,"  by  avoid- 
Ig  the  unpleasant  features  of  the  induction  of  ether  anesthesia. 
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HistoricaL — N'itrou-s  oxid  was  first  luciwrer!  by  Priestley  about  1776.     The  diso^-^^^jfl 
try  of  its  anesthetic  properties  bv  Kumpiiry  Davy  and  by  Vi'kUs  U  described  iin--  ^kt. 
"Ether"  nod  "ClJoroform."     Etsworth  (Boston  Med.  and  Surg.  Jour.,  37)  in  }^    ^^  . 
uary.  18431  amputated  a  thigh  under  succe&sful  nitrous  oxid  anestheun.     m  adtrnir'^  '^, 
tration  with  oxyRcn  was  introduced  by  E.  Andrevr*  of  Chicago  in  i&hS;  and  the  u*<    '~^^^\ 
such  mixtures  iiniler  prc&siure  by  Paul  Bert,  18S0.     The  lecnnic  of  its  use  in  lurgi^  ^  ^" 
operations  has  been  cxtcnf^ivcly  elaborated  iu  recent  years. 

Inhalation  of  Undiluted  NjO.^For  short  operations,  as  in  denlistr  ""»■  ry. 
the  gas  is  administered  through  a  tight-filling  mask,  so  that  all  air  '^  ^ 
excluded.  The  symptoms  run  a  very  rapid  course:  the  ^«/)fnina»'^c3KJ'y 
e£ects  consist  in  a  sweetish  taste;  numbness;  exhilaration  (laughter"^  "^^'l 
confusion;  deeper  and  quicker  respiralion;  and  fuller  pulse.  jPor/i-^  ^^ 
antstheiia,  with  loss  of  consciousness,  ensues  in  twenty  to  thirty  secondfcj^"^ 
The  patient  is  subject  to  dreams  and  the  aneslhesia  is  imiHrrfcct.  Th^  "^1*^ 
reflexes  are  preser\X'd  and  excitement  may  be  present,  es]>ccially  if  iti  ^^ 
patient  is  disturbed.  The  respiration  is  still  regular,  deep  and  quickenea*-"^^' 
the  piJse  full  and  rapid;  the  pupils  enlarged;  the  face  dusky,  livid  o  '^^ ' 
pallid;  the  eyelids  twitching  and  slightly  separated.  Complete  aneslham^ 
occurs  in  iifly  to  one  hundred  and  twenty  seconds,  averaging  fifly-Mn 
Its  onset  is  denoted  by  a  change  in  the  respiralion,  which  becomes  slightll  ^  ^. 
irregular  and  noisy.  The  pulse  is  quickened  by  about  .?o  per  cent,  and  r  t^ 
small.  The  blood  pressure  shows  a  large  asphyxial  rise  (Kemp,  1897^  '^  ^''i 
The  vasoconstriction  diminishes  the  urine  flow.  The  limbs  are  relaxer:>'^ 
but  individual  muscles  exhibit  clonic  or  epileptiform  contractions.  Th«:4 
pupils  are  almost  invariably  dilated.  The  face  is  cyanosed.  Relaxalio:*^ 
of  the  sphincters  occurs  rarely. 

Operative  Period.— As  soon  as  this  stage  is  reached,  the  gas  is  remove<fc»' 
The  pulse  at  once  becomes  slower  and  fuller;  the  respiration  also  recover'"*' 
rapidly;  and  the  asphyxial  symptoms  disappear.    The  anesthesia  last-9' 
some  twenty-two  to  thirty  seconds  after  the  gas  is  removed;  and  it  1^ 
during  lliis  pericHi  (hat  the  operation  must  be  performed.     The  total  tiin»  « 
between  the  beginning  of  theadministration  and  complete reco\'er)'i^thcrt-"^ 
fore  one  hundred  to  one  hundred  and  twenty  seconds.     The  duration  ok^ 
the  after-anesthesia  increases  with  the  duration  of  the  administration.* 
This  may  be  prolonged  to  several  minutes  by  giving  the  patient  an  occa— ■ 
sional  breath  of  pure  air  (every  fifth  inhalation);  or  by  admitting  a  litil 
air  into  the  mask.     The  admission  of  air,  however,  makes  the  anesthesia 
uneven  and  unsatisfactory. 

After-effects  are  generally  absent  with  short  administrations.  Some- 
times the  patients  complain  of  giddiness,  headache,  lassitude  and  drowsi- 
ness.    Nausea  is  exceptional. 

Accidents. — With  short  administrations,  the.<te  are  very  rare,  because 
of  the  wide  margin  between  the  first  danger  sign  (noisy  and  irregular 
respiration)  and  death.  Only  aliout  .seventeen  deaths  have  l>een  reported, 
making  the  fatality  less  than  t  in  5.000,000.  Tn  patients  with  grave  car- 
diac lesions,  the  pulse  may  become  feeble  and  the  respiration  shallow 
before  anesthesia  is  established.  If  the  administration  15  continued  too 
long  in  healthy  individuals,  the  asphyxial  phenomena  become  emphasized, 
with  \ioIent  inspiratorj-,  then  forced  expiratory  movements;  then  shal* 
low  and  intermittent  anri  ilnally  arrested  respiration,  in  two  to  four  minutes 
(Haggard,  igro).  The  violence  of  ordinary  asphyxial  convulsions  is 
mitigated  by  the  narcosis.  Cyanosis  is  intense.  The  heart  continues  to 
beat  for  some  lime,  so  that  restorative  measures  are  generally  successful. 
They  should  consist  in  artificial  respiration,  preferably  with  oxygen. 


NITROUS    OXCD 


603 


Contraindications. — Nitrous  oxid  should  not  be  used  in  cardiac  lesions, 
valvular  or  myocardial;  in  elderly  patients  especially  with  advanced 
arteriosclerosis  or  high  cerebral  pressure;  and  in  operations  on  the  brain. 
It  is  often  ineffective  in  hysterical,  obese,  muscular  or  alcoholic  patients 

»(S.  G.  Davis,  1909). 
Mechanism  of  Action. — N^O  is  ver^i^  soluble  in  blood,  ivbich  takes  up  45  per  ccnL  by 
volume  (Beril.  Davy  believed  that  it  iticted  like  oxygen,  prudurinK  h^-peroxidation 
of  the  blood;  but  FrankLind  showed  that  it  is  not  decomposed.  It  w-is  tKcn  believed 
thai  il  actoJ  merely  as  an  asphyxiant.  The  phenomena  producwl  by  the  undiluted 
f^as  are  in  fact  partly  asphyxial.  Tliis  factor  ran  l»c  removed  b>'  the  addition  of  oic>'Ken , 
when  it  is  seen  that  narcosis  reaiJLs  from  the  XiO  itself.  This  may  also  Ix;  demonstrated 
on  froRS,  which  preserve  their  reflexes  for  hours  when  placed  in  pure  hydroRcn;  but  lose 
them  promptly  m  .N:^.  KWdcntly  the  nitrous  oxid  has  a  direct  action  on  the  ccntnl 
;rvi-iU5  sv'stcm;  first  stimulating  the  psythic  areas,  then  depressing  these  to  infiensi- 
lilily.  The  motor  reflexes  are  sifio  abolished.  The  mcdullarv  centers  are  not  atleclcd„ 
the  circulation  remains  unchanfted,  in  the  altscncc  of  asphyxia.  N'itrous  oidd  also 
has  no  action  on  other  li5sucs  .itid  is  therefore  ahsolulcty  harmless.  Do^  anesthetized 
continuously  for  three  days  with  a  mixture  of  NjO  and  oxysea,  recoveim  without  any 
damage.  The  mechanism  of  its  central  action  h  probably  the  same  as  with  the  hydro- 
csrboD  narcotics — \iz.,  a  physical  change  in  the  lipoids.  It  probably  does  not  combine 
nth  hemoglobin.  On  account  of  its  feeble  chemic  atbmties,  the  gas  b  practically  free 
>m  ude  actions,  and  herein  lies  its  chief  value. 
Hi^  Pressures  of  Nitrous  Oxid.— These  are  faul  above  3  atmospheres,  even  when 
ihaleu  with  adequate  uxygen.  The  symptoms  cottsist  in  narcosis,  convulsions,  and 
lily  depressed  respiration.     The  heart  remains  strong  (Bock,  1913). 

Nitrous  Oxid  with  Air  or  Oxygen.— The  respiratory  disturbances, 
convulsive  features  and  cyanosis  produced  by  undiluted  NjO  are  purely 
iphyxial.  If  the  gas  i.s  mixed  with  a  sufTicient  proportion  of  oxygen 
;5  to  30  per  cent.),  these  asphy.xial  phcnuraena  are  entirely  absent,  and 
le  anesthesia  can  therefore  be  prolonged  indefinitely.  With,  smaller 
?rcenuges  of  oxygen,  the  symptoms  are  intermediate. 

The  dilution  of  the  gas  with  oxygen  lowers  its  concentration  in  the 
lood  to  a  corresponding  degree,  so  that  ihe  narcotic  action  is  not  as 
^rt)n:ipt  or  deep.     It  is  generally  staled  that  a  mixture  of  80  per  cent,  of 
nitrous  oxid  and  30  per  cent,  of  oxygen,  inhaled  at  atmospheric  pres- 
sure,  produces  only  confusion  and  analgesia,  with  incomplete  ioes  of 
.consciousness. 

However,  Hewitt  claims  to  produce  deep  anesthesja  !n   this  way  within  four 
DUles;  and  that  the  anesthesia  becomes  incomplete  only  if  the  concentration  falls 
low  66  percent     Paul  Bert,  i8So,  obtained  perfect  results  by  u  mittureof  85  parts 
tO  and  15  parts  Oj.  condensed  by  an  excess- pressure  of  ^  atmosphere. 
D.  E.  Jackson,  1916,  describes  an  apparatus  that  involves  the  conlinuuus  rebrcathing 
■of  the  nitrous  oxid,  with  removal  of  the  COi  and  renewal  of  the  oxygen.     ThU  itcrmils 
of  prolonged  anesthesia  at  a  minimum  cost.     Under  these  conditions,  the  effects  have 
Consideraible  resemblance  to  morphin.     Mnn  appears  sensitive  to  lower  concentrations 
■:tbaD  arc  needed  for  dogs.     Careful  administration  induces  an  apparently  natural  sleep. 

H      These  methods  are  not  very  feasible  in  practice;  but  a  satisfactory 
Hanesthesia  may  be   maintained  sufficiently  long  for  ordinary  surgical 
"operations  by  adding  only  enough  oxygen  to  the  gas  to  prevent  the  major 
manifestations  of  asphy.xia. 

Hewitt  found  that  f>  per  cent,  of  oxygen  arc  required  to  prevent  the  con\TjIaivc  fea- 
ture*, and  noisy  respiration;  1 1  per  cent,  lu  prevent  Hvidity.  Above  lo  i»cr  cent.,  the 
Tcflexcs  and  movements  of  the  patient  were  more  pronounced. 

Moiphin-scopoUmiii  greatly  increases  the  efficiency  of  nitrous  oxid; 

so  that  with  these  alkaloids,  a  mixture  of  80  per  cent,  and  20  per  cent. 

_  onrgen  even  at  atmospheric  pressure  induces  an  operative  anesthesia 
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Administration  of  the  Mixed  Gases. — This  requires  a  special  apparac- — * 
for  adjusting  ihc  two  gases  In  any  proportion.     This  is  connected  with^^^  . 
close-fitting  mask.    It  is  advisable  to  warm  the  gas  mixture  before  it 
inhaled. 

To  hasten  the  anesthesia,  the  ad minist ration  is  b^un  with  a  mixtu:  «-*"  ^'* 
containing  2  per  cent,  of  oxygen.  This  is  gradually  increased  to  10  p*-*:^?*' 
cent.,  but  varying  for  different  patients. 

PbeHomena. — ^The  primary  symptoms  are  the  same  as  with  pure  ga-^»-; 
The  anesthetic  stage,  is  usually  reached  In  a  few  minutes.  It  is  chararlet 
izcd  by  regular,  calm,  moderately  snoring  respiration;  slightly  dusky  f ac»=^ ^"^"^ ^ 
and  medium  pupils.  The  pulse  is  moderately  quickened;  the  blood  prea=^~*"^ 
sure  somewhat  high;  the  blood  rather  venous.  Convulsive  phenomen*::« "^"^^^ 
are  absent.  The  reflexes  and  muscular  tone  are  greatly  decreased,  bu-r^J^"*;, 
not  abolished  as  with  ether;  and  the  anesthesia  is  not  so  profound. 

After-ejects. — When  the  administration  is  stopped,  the  patient  awaket 
fully  within  two  or  three  minutes.     Nausea  is  exceptional,  but   nior"»' 
common  than  after  short  inhalations. 

Advantages. — These  consist  mainly  in  the  greater  comfort  of  the  . 
tient,  the  smaller  danger,  and  ihe  absence  of  irritant  side  effects^    Th'<^ 
gas  would  therefore  be  especially  indiratcd  in  renal  and  acute  pulmonary" 
diseases;  or  when  the  patient  dreads  the  other  anesthetics.     Crile,  igr< 
claims  that  It  lessens  the  danger  of  shock  and  infection. 

Disadvantages.— The  contraindications  and  limilalions  were  discusBet-* — --ftei 
under  the  undiluted  gas.  Its  application  is  further  limited  by  the  rathci«^^^^ 
shallow  anesthesia;  incomplete  relaxation;  high  blond  pressure  and  venos — **^^^ 
ity  of  the  blood;  the  expense  of  the  gas  and  apparatus;  inconvenience;  andt^"^^ 
the  need  for  very  specialized  experience. 

Infiuence  of  Impuritiee.— Warner,  iQi5r  ^^  that  ordinary  nittou»  oxid  often  pr»- 
duces  severe  aymplonis,  especially  cyanosis,  which  does  not  occur  *rith  f>roper  puinca- 
Man.  The  toxic  effects  are  due  iiartly  to  niiric  oxid,  but  especially  lo  unidenufied 
basic  impurities,  perhaps  hydroxyUmiD  and  hydrazin.  The  gas  dqirived  of  tbeac  (as 
is  now  generally  none)  can  be  given  with  less  oxygen,  without  cyanoas. 

Gas-ettier  Sequence. — This  was  suggested  by  Clover,  1876;  but  has 
also  come  into  exiciisive  use  only  recently.  It  seems  to  combine  the  chief 
advantages  of  the  two  anesthetics,  and  is  perhaps  the  nearest  approach 
to  an  ideal  method. 

Nitrous  Oxid  Analgesia  in  Obstetrics. — This  is  being  advocated  as  ^ 

much  safer  than  scopola mi n -morphia  '•twilight  sleep."  It  does  not 
weaken  the  uterine  contractions  and  hats  no  bad  effects  on  mother  or  child 
(Webster;  Lynch;  Davis,  1915). 


PHKPAHATIONS — ?fITHOirS  OXID 


*  liitregaiii  Uotiaiidttm  (Nitrogen.  Monox).  tJ.S.P.  (Nitrous  Orirtrj  TTjOi  floJm 
1c68  gas;  pos&tsecs  a  slight  chamctcristic  odor;  Mimcwhat  sweetish  tAste.  It  b  rrt'%t1ti1, 
coniprcs&ed  into  a  liquid,  in  steel  cylinders.  It  returnt  to  the  gueous  state  wbni  the 
pressure  is  released. 

CARBON  DIOXID  ^CARBONIC  ACID) 

General  Statement — Tliis  acts  as  a  weak  acid,  producing  locally  a 
rather  mild  irritation;  and  after  absorption,  strong  medullary  stimuU- 
lion,  and  in  higher  concentrations  narcosis.  These  actions  play  tbe 
principal  r6le  in  ordinary  asphyxia.     Deficiency  of  COi  (Acapma)  leads 
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corresponding  depressant  phenomena.     The  carbonic  add  (herefone 
:t5  as  a  hormone  (Rayliss  and  Starling,  1906"),  which  regulates  the  ac- 
tivities of  various  functions,  especially  of  the  respiration.     In  this  way, 
le  COs  tension  of  the  hlood  and  tissues  is  normally  kept  automatically 
il  a  practically  constant  level. 

Local  Actions. — COj  as  gas  or  solution  produces  a  prickling  sensation 
iH  reddening  of  the  skin  and  mucous  membrane,  followed  by  numbness 
id  local  anesthesia.  The  sensory  irritation  leads  to  reflex  stimulations 
(Quincke,  1S77).  The  cutaneous  stimulation  is  utilized  in  the  form  of 
carbonated  baths  (Xauheim  baths),  especially  in  cardiac  diseafes.  Fro- 
?n  C0»  (carbon  dioxid  snow)  is  employed  as  a  superficial  cauterizant. 
the  stomach,  carbonated  water  ("soda  water'")  hastens  absorption, 
reases  the  secretion  01  acid  gastric  juice  (Chiari,  1915),  and  acts  as  a 
irminalive.  It  is  useful  against  nausea,  and  valuable  for  disguising  the 
uste  of  medicines. 

Effects  of  Intuded  COi. — If  oxygen  deficiency  is  exduded  by  inhaling  Ras  mixtures 

ntainin^  30  jicr  tent,  of  oxygen,  no  ctTects  occur  until  the  concentrjilion  of  3  per  cent., 

vfJume,  of  COj  U  reached  (Zuntz).     With  this  concentration,  there  is  some  hx-perpnea 

and  discomfort:  S^  per  cent,  m  man  produces  in  a  few  minutes  distinct  d^-spnea,  rise 

of  blood  pftssurc  and  cuiige:»tion.  which  become  insupportitble  in  fihern  ur  twenty 

mloutes,  but  disappear  promptly  in  fresh  air.     The  symptoms  incrcaic  to  13  per  ccdL; 

■  jwit  even  ;o  per  cent,  is  nol  dangerous  in  an  hour  to  animals,  and  pr<ibiib!y  not  to  man. 

M/ith  1$  to  30  per  cent.,  the  i^timiilant  phenomena  paw  into  depression,  with  diminUhed 

ncspiratiqn,  fall  of  blood  pressure,  coma  (^genemlly  without  convulsions),  loss  of  reflexes. 

anesthesia,  and  gradual  death  after  some  hours';  the  he.-vrt  outlasting  the  resruratioo. 

With  higher  concentrations,  the  stimulation  is  still  briefer.     With  pure  COi.  death 

Day  occur  in  a  few  minutes  as  u  mixed  effect  of  carbon  dioxid  and  anoxemiA. 

Ordinary  Aspb}rxU. — This  involves  the  two  factors  of  deficiency  of 
ygen  or  excess  of  carbon  dioxid  in  the  blood.    The  phenomena  in  both 
are  almost,  though  not  quite,  identical.     When  asph)Tcia  results 
breathing  In  a  confined  space,  both  causative  factors  are  intcrmin-* 
led,  but  the  COj  factor  predominates. 

The  symptoms  of  a:iph\-xia  vary  somewhat  according  to  the  rapidity  n-lth  which  it 
ipruf]uc«d.  Whim  il  occurs  rafiidJy.  ihrte  tj-pital  stages  may  bedislJn){iii>.hcd:  During 
*ie  Rrst  stagr,  ihe  respirations  (p.\rtitiilarEy  the  inspirations)  are  increased.  In  the 
totii  stage,  the  respirations  arc  irregular  and  cunvulsivc.  the  inspirations  bcinR  sh.'Ulow 
nd  weak,  the  expirations  powerful  and  prolnnRc^l.  Consciousness  is  losl.  The  skin, 
H>«:iially  the  face,  becomes  cyanotic.  The  third  stcge  is  characterized  by  coltapM  and 
BDvutsioDs.  The  respiralory  centers  are  depressed.  The  respiratorv  movements  arc 
fadllow  and  infrequent.  The  con\'ulsive,  vagus,  vasomotor  and  pupillo-dilator  center; 
tv  siimulaled.  The  extremities  and  the  muscles  of  the  fate  and  neck  twitch  convul- 
ivriv,  there  ore  raspiag  movements;  the  body  of  the  animal  is  rigid  and  archcfl  back- 
mrd.  Urioe  and  feces  arc  expelled.  The  pulse  is  very  slow  and  soft,  at  first  strong, 
lien  pioffressiv'ely  weaker.  The  pupils  are  at  first  constricted,  then  widely  dilated 
Btil  aealh.  The  heart  continues  to  beat  weakly  for  several  minutes  after  the  rcspiri- 
km  has  stopped.  AniGcial  respiration  during  this  inter%'a]  will  geucrally  result  in 
ecovcry.     Dralh  occurs  wlhin  six  or  eight  minutes,  it  the  trachea  is  tied. 

The  autopsy  shows  a  ver>'  venous  color  of  the  blood.  The  veins  of  the  upper  part  of 
be  bod)-,  and  the  right  heart,  are  greatly  distended. 

If  the  osthyTin  is  produced  jim^y,  the  first  symptoms  are  cyanosis  and  d>-spnea  on 
ifTtion.     The  individual  becomes  stupefied,  but  so  gradually  thai  he  may  Dot  be  aware 

his  condition.     The  stupor  passes  wto  unconsciousness  and  this  into  collapse.    The 

tor  symptoms  may  be  enlirdy  absent. 


Medullary  CetUcrs  in  Asphyxia. — The  effects  are  alike  whether  they 
xesuh  from  COj,  acidosis,  or  o.xygen  deprivation.    The  slimulalion  occurs 
^n  the  order  of  respiralory,  then  vasomotor  and  ihcu  vagus  centers.     It  is 
Howed  by  depression  of  these  centers.     The  relative  preponderance  of 
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Stimulation  and  depression  depend  on  ihe  degree  and  suddenness  of  the 
asphyxia,  and  on  the  prevailing  condition  of  the  centers   (Loeveohait, 

^915)- 

RSlt  of  COi  *M  Asphyxia. — C.  Benrnrd  showed  thai  the  deprivatioD  of  oxygen  or- 
dinarily pla}^  a  minor  pan;  inclo&inf;  the  head  ol  an  animal  b  a  bladder,  he  found  thjt 
the  inlrav-usc'ular  injection  of  ux>'pcn  <iotn  not  retard  death.  TeiDponry  revival  iron 
asphyxia  may  he  heoureit  by  artirVial  respirMtion  in  an  .itmivphere  of  hydro^o  of 
nitrwen;  and  according  to  some  experiments  of  the  author,  even  in  CO.  The  \n\tsr 
ligations  of  Loeverdmrt,  191J,  however,  suggest  that  the  COi  ilseif  acta  by  ioterferini 
with  oxidatiim. 

R61e  of  CO}  in  Impure  Air. — The  popular  idea  of  this  is  greally  exaggerated.  "  Pore" 
air  contains  0.0.}  per  cent,  of  COi;  in  city  streets  il  rarely  ri&u  above  0.04,  or  at  rumi 
0.15  per  rent.  In  hadly  ventilated  rnoms  il  may  reach  o.j  per  cenL,  which  is  far  bHow 
the  eflcclive  concentration.  Neither  the  presence  of  COi  nor  the  absence  of  oxygea 
expluins  the  harmful  elTecl  of  sojourn  in  ill- ventilated  room^;  nor  doe»  the  expired  atr 
contain  any  poisonous  in{n|edicnts.  It  is  supposed  that  the  acute  discomfort  and  the 
suffocating  ^^ensiiiion  exiwrieiued  in  ihesi-  jilaccs  is  largely  psychii:,  beinj;  produced  by 
the  heat,  humidity,  odors,  noise,  etc.  Whether  thi<  will  also  account  for  the  s*vef«[y 
detrimental  effect  tin  health  and  resislarR-c.  the  increased  tendency  to  tuberculous, 
etc.,  which  arc  aR.^ocLLtcd  with  habitually  defirient  ventilation,  is  an  open  que»tioa. 
Winslow  and  Palmer.  1915.  conclude  that  the  air  of  unvcntilated  rooms  (with  con- 
trolled temperature  and  humidity)  conlains  substance*  which  diminish  the  appetite 
lor  food,  without  producing  discomfort  or  other  detectable  symptoms.  It  may  oc  re- 
marked thai  the  continued  or  repeated  exposure  to  eH5.es— particularly  those  acting  . 
upon  the  blood,  and  indeed  to  any  poison  which  alters  the  blood,  such  as  acetaniUd — 
does  not  generally  cause  tolerance,  uut  increase  of  susceptibility. 

CO.  on  Circulation. — Increase  of  carbon  dioxid  up  to  a  certain  points 
causes  a  great  rise  of  blood  pressure  (J"ig.  6,  p.  to?)  mainly  by  stimulatioiKr^z^* 
of  the  vasomotor  center:  moderate  increase  of  COj  tension  perhaps  al< 
increases  the  output  of  (he  heart.     The  peripheral  action  on  blood  v< 
results  in  their  dilation.    High  concentrations  paralyze  the  vasomot 
center  and  heart. 

Vasomotor  Center. — The  violent  stimulation  has  been  shown  by  SoUm&nn  as 
Pilcher.  lyr  i,  and  by  Malhison,  191 1,     The  latter  demoniit rated  that  identical  effect  ^^ 

arc  produced  by  other  acids  and  by  lack  □(  oxvf^n;  and  that  all  these  act  probably  brr^'    br 
increasing  the  liydrogcu-ion  concentration  of  the  blood.     The  spinal  vasomotor  center- 
ate  much  \t<<.  sensitive  than  Ihe  medutlar>'  (Maihison.  igio). 

Direct  Acdon  on  Vessels. — This  results  in  relaxation  (Ba\-liss.  1901);  it  is  also  sa*  ^ 

in  excised  arterial  or  venous  rines,  with  all  concentrations  (Tow,  1911;  Hooker,  101^:^       /,. 
A  Mtnilar  dilation  is  also  produced  by  other  weak  acids  (Schwarx  and  Lembcrger,  i^tr        iJ, 

Barcroft,  1914,  considers  this  an  important  factor  for  the  increahc  of  the  lo<^  cimif {■• 

tion  in  active  organs. 

Pulmonary  Circulation. — Tlie  pressure  in  the  pulmonary  arteries  rises  in  asph>*x         ii, 

even  if  the  rise  of  the  s>-stemtc  blood  pressure  is  prevented  by  destroving  the  medn Ua 

(Wood,  Jr.,  191 1).     Tlie  pulmnnury  nrculation  time  is  »lowea  (Langloi^  and  Dcsboi^i^Kta, 
1913),  indicating  pulmonary  vaaoconstrictian. 

Heart  Rate. — This  ia  ordinarily  slowed  by  stimuUtion  of  the  vagus  center:  hn»"~  if 
the  vagi  are  di%'idiKl,  it  is  quickened  by  stimulation  of  the  accelerator  center  (Das'^^Kf^ 
and  Moral,  iSSjl. 

Efficiency  of  the  Hoart. — In  intact  animak,  the  c&rdiac  effects  arc  greatly  cami 
cated  by  the  other  actions.     Jerusalem  and  Starling,  1910,  claim  that  tncreaw  of 
in  the  coronary  blood  lessens  the  tonus  both  in  systole  and  diastole.    The  core 
vessels  are  also  dilated  (Markwalder  and  Starling,  ijji^).     With  higher  conceotratit^ 
the  »>'stolic  tone  is  lowered  more,  so  that  the  cxcursiotu  arc  diminished;  with  modcr-a 
coni-entraiions,  the  dia^tulir  lone  U  more  relaxed  and  the  output  increued.     A  cert-a 
concentration  would  therefore  be  necessary  far  the  optimum  efficienc>'  of  the  he^*^*^ 
this  is  insuflicicnt  in  acapnia.     Itami,  191,^,  claims  that  the  rise  of  btood  pressure  *r"^*| 
5  per  cent,  of  COj  in  the  inspired  air  i*  chiefly  due  to  increased  output  of  the  heart:  ^  J^ 
that  above  8  per  cent,  th^  vasoconstriction  tiecomes  the  mure  important.     These  '***-*~^ 
have  been  cnniriidiirted:  Ketrham,  King  and  Hooker,  1913,  attribute  the  incre*.^*^~ 
output  to  dilation  of  the  pulmonarj-  vessels,  for  they  found  that  the  ijoiaUi  tumf^    *• 
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depressed  by  all  concentrations.  In  the  Hmulus  heart.  C0»  produces  tlepression,  acting 
rauch  more  powerfully  on  the  ganglion  cell:;  than  on  the  muscle  (Nevrinann,  1006), 
Perfusion  of  the  coruuary  vessels  of  a  mammalian  heart  with  CO-  Ras  causes  prompt 

iltittinn  and  arrest,  whereas  the  heart  cnntinues  to  beat  for  a  ronsiderable  time  if 
t  perfuMon  is  made  with  ox>'gcn,  or  even  hydrojtcn  (Magnas  1901). 

Blood  Viscosity. — This  is  somewhat  increased,  but  not  to  an  impnrtanl  degree 

irion-<.)piu,  1911). 

Oxygen  on  COi  ot  Blood. — Oxygen  (and  carbon  monoxid)  tends  lo  expel  CX)t  from 
J  blood;  (or  when  exposed  to  a  given  CO,  tension,  blood  thai  has  been  deprived  of 
oxygen  takes  up  considerably  more  COi  than  oxygenated  blood  CChristionscn,  Uouglas 
MO  Haldunc,  1014)- 

W  Peristalsis.— In  intnct  animals,  thta  is  stimulated  by  asj>hyxia.  Excised  intestine 
■  started  to  rhythmic  contraction  if  it  was  quiescent;  but  is  relaxed  if  it  vrz$  already 
ftythmicully  active  (Hooker,  i^u). 

F  Oculomotor  Center. — The  pupils  arc  ordinarily  widely  dilated  by  a»ph>-xia,  after 
priinan,-  constriction  (Guthrie  and  Ryan,  igio).  The  mydriasi*  ii.  not  due  to  sym- 
phalhetic  stimulation,  for  it  occurs  after  dinsion  of  the  ccmcal  sympathetic  (Braun- 
stein.  1894).  It  must  therefore  be  a^icribcd  to  inhibition  of  the  oculomotor  center. 
Peripherally,  COt  acts  as  a  miotic  on  frogs'  pupil  (Auer,  1Q09). 

L  Respiration. — ^The  COi  content  of  the  blood  is  the  chief  regulating 
tor  in  ordinary  respiration  (Zuntz,  iSqy),  the  respiratory  center  being 
stimulated  (mainly  the  rate)  even  by  very  slight  increase  of  the  COt 
teni^ion.  A  ri?eof  0.3  per  cent.of  COj  (^1.6  mm.)  in  the  alveolar  air  doubles 
the  respiration,  and  a  slight  reduction  of  the  CO3  produces  apnea.  The 
seruitiveness  to  oxygen  is  very  much  less,  the  respiration  being  unaffected 
by  variations  of  the  oxygen  in  the  air  between  13  and  100  per  cent.  (Haldane 
And  Priestley,  1905;  Fitzgerald  and  Haldane,  IP05).  The  effective  increase 
of  COi  also  produces  a  mieasurable  change  in  the  ion  concentration  of  the 
blood  ("Campbell  and  coworkers,  1913).  Other  acids  arc  similarly  stimu- 
lant (Winterstein,  1911;  Laquer  and  Verzar,  iqii).  Loevenhart,  1913, 
refers  the  effects  ultimately  to  interference  with  oxygenation.  The  re- 
sponse to  COi  is  used  experimentally  as  a  test  of  the  excitability  of  the 
respiratory  center  (A.  Loewy,  1890). 

I  Bronchial  Muscle  (Excised). — This  is  constricted  by  moderate,  relaxed  by  high 
KtMrentratiuD)  (rrendclcnburi;,  1913). 

W  Strychnin  Connilsions. — These  mav  be  suppressed  b)-  COi  inhalation  (Winter- 
Itein.  1900;  Ryan  and  (iuthrie,  190ft).  6n  the  other  hand,  moderate  asphyxia  irKreases 
the  convulsant  eiTett  (Pilrher),  Concentratinns  almve  ;o  per  cert,  also  heighten  (he 
:cptibility  to  acid  fucfmn  convulsions  (Joseph,  1915}. 

Temperature,— COi  dyspnea  lowers  the  temperature  in  health,  and  especially  in 
rer.     It  also  reduces  metabolism  (v.  Mag^'ary-Kossa,  iqio]. 

Asphyxial  Glycosuria. — All  forms  of  usfinyxia — whether  from  COt  or  deficiency  of 
>'Ken— lead  10  hyperglycemia  and  Rlycoiuria.  All  asphyxiant  drugs  produce  this 
feet,  althoush  there  may  be  additional  factors.  The  glycosuria  dues  not  occur  if  the 
liver  Lseicludetl.  nor  in  poorly  nourished  animals  {.\uel,  1914).  It  seemB  therefore  that 
Lhe  glycogcnotysia  is  stimulated  in  the  liver,  but  not  in  the  muscles.  This  effect  is 
::irobaDly  due  to  the  incn-a-'^rl  H-ion  concentration  of  the  hluod,  acting  through  the 
centers,  but  requiring  the  coSper.Ttion  of  the  adrenaU,  for  it  does  not  occur  if 
ive  been  excised  (Macleod.  1013). 

_  tLesdiiig  to  the  Appearance  of  Reducing  Substances  in  the  Urine. — The  follow- 

Ottv  be  enumerated  as  among  the  most  important  (review.  S-  Weber,  1904):  CO, 

i(l.  Hi,  H«S.  HCN.  amyl nitrite,  nitrobcnzol.  nitroRlycerin.  chlorate,  chloral,  urelharte, 

aroform.  acetone,  strychnin,  morphin,  atropin,  curare,  phlorhizin.  caiTein  and  other 

Khyl  xanthins,  HiOi,  many  acids,  Pb.  As,  Hg,  Ur,  Cr,  cantharidin,  P,  epinephrin, 

lid,  ^ine. 

Deficiency  of  CO3  (Acapnia). — The  carbon  dioxid  tension  regulates 
:  heart  rate,  vascular  tone,  peristalsis,  mental  condition,  and  a  number  of 
tier  functions.    A  decrease  of  this  tension  in   the   blood  and   tissues 
luces  depressant  effects. 
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Pluitamfnu  of  Acd^ia. — Th«4c  have  httn  emphauzcd  especially  by  Y.  TTi  niVriW,' 
1908  to  1910.  Even  u  slight  reduction  of  the  COjca.uscs  marked  increm»e  of  the  hcut 
rate  ant)  slowin;;  of  respiratiun.  Further  reduction  proi]u<:<.'S  tachycardia,  vitduus  ituii, 
arrest  of  peristalsis,  failure  of  many  reflexes,  coma  and  stuppage  of  reMiiralioa.  Ei- 
tremc  rt-du^ilion  cauiica  an  nimust  tetanic  cundiliun  of  Uie  heart,  abolishing  its  output, 
16wering  blood  pressure  and  resulting  in  death.  In.  the  lifihter  Krades,  recovery  occurs 
promptly  if  the  COg  tension  i»  incrcaMxl,  as  by  brcalhin^  throuj^h  a  lone  tube. 

Aatpnia  ami  Respiration, — The  respiratory  center  h  readily  dcpreKicn  by  defidenc)' 
of  COi  in  Ihc  bluud.  This  is  ihc  main  factor  in  the  apnea  following  hyperpDca,  aad 
one  factor  in  Cheync-Slokes  respiration  (Kaldane,  1005  and  1909).  Weil,  1906,  ft, 
showed  that  the  apnea  is  the  shorter,  the  more  CO*  is  in  the  air;  and  that  it  caa  be  pre- 
longed  by  fixing  the  COi  with  XaOH.  The  increased  oxygen  c«>nCenl.  to  which  it  wa* 
formerly  att  ributed,  <(eems  to  be  unessential  although  ciccssive  oxygen  coDccDtratioa  i« 
also  dqiressant  (Lui-veahart,  191J). 

The  direct  dfprcssant  effect  of  COi  deficiency  on  the  respiratory  ccntcx  was 
demonstrated  by  Wintcrstein'*  ( [91 1)  perfusion  expcriracnts.     The  respiration  was  noi-at^P 
restored  by  oxygen,  but  by  carbonic  or  other  utiils.  «nd  is  therefore  an  hydrogen-ion 
eSect      In  intact  animals,  a  persistently  low  oxygen  tension  leads  to  the  accumulatior 
of  lactic  and  other  acids,  ana  hence  to  stimulation  of  the  respiration. 

Aiiipniii  and  5WJk.^Y.  Henderson,    igoS  and   1009,  pointed  out  the  analoicie 
between  the  phenomena  of  acapnia  and  surgical  shock.     He  believed  that  the  latter 
may  be  {rxplaincd  by  loss  of  COj,  through  hypcrpnea,  exposure  of  inteatioeft,  etc    Thi" 
may  be  one  of  the  factor  but  it  i^  unlikely  that  it  is  the  only  one.     Hendenon's  coott 
tions  are  contradtctcJ  by  Janeway  and  Ewinj;.  iqi  j. 

Apnea. — This  suspension  of  the  respirator)-  movements  'u  usually  due  to  depreuk 
of  the  respiratory  center  by  excessively  low  COj  content  of  the  blood  (acapnia);  f« 
instance,  as  a  consequence  of  h>'perpnca.  Ifowcvcr,  acapnia  is  not  essential;  for  < 
sivc  distention  of  the  lungs  may  produce  apnea  even  when  the  air  contains  5  per  Crrr^^Kit- 
of  COj.  This  phenomenon  doe*  not  occur  if  the  vagi  were  divided  (Githens  and  M d ti^  1  ^-^acr, 
1914).  Id  fowls,  CUi  deficiency  also  stops  the  respirator)*  movements,  but  in  t^El  .lus 
case  the  effect  con»sts  in  tunic  ^asm  of  the  respirator)'  muscles,  and  not  in  heighten^Eisied 
threshold.  The  function  of  COt  would  therefore  consist  in  the  outotenaace  of  t^V^tbs, 
respiratory  rhythm  (Meyer  and  Meltzrr,  1915)- 

IVonnal  CO)  PerceDta|;es  and  Teasiona. — These  are  as  follows: 


CO, 
Expired  air 
.\lveolar  fur 

Arterial  blood 
Vsnoiu  blood 
Unties 


Percent.    (Volume) 

About  4 
4.6  to  6.2 
Avge.  SS 
40 
45  to  so 


TenstoR 
30  mm. 

41  mm. 
10  to  40  mm. 
30  to  30  mm. 
$0  to  70  mm. 


CABBONIC  OXID   (CASfiON  MOITOXID,  CO);  ILLUBUNATING  GAS 

General  Statement— Carbonic  oxid  gas  has  considerable  toxicol< 
importance,  through  its  occurrence  in  illuminaling  gas,  especially  wa 
gas,  and  as  a  product  of  incomplete  combustion.  Accidental  and  suic 
poisoning  by  it  are  very  common.  It  forms  a  firm  compound  with  he- 
globin,  thereby  preventing  it  from  carryinf?  oxygen,  and  thus  prod 
asphyxia.  This  agrees  with  ordinary  asphyxia,  except  that  the  skin  «od 
raucous  membranes  are  not  cyanotic  but  bright  red,  due  to  the  aAc^Tof 
CO- hemoglobin. 

Occurrence. — Carbonic  oxid  coitstitutes  4  to  10  per  cent,  of  ordinary  c*mJ-fti,    , 
and  50  to  40  per  cent,  of  v>aitr-gas  (wtuch  is  consequently  more  daogcrou^.  S«lit^*J«, 
191 1  j.     It  is  formed  during  itunmpleie  cvmbuttioH  and  u  therefore  present  in  ibc  sawite 
of  damped  stoves,  the  vapor  of  burning  charcoal,  after  mine  expiations,  etc.      li  a 
the  principal  toxic  ingredient  i>f  the?*  gascs-     CwU-gan,  however,  is  &aid  by  Vatts 
(190,0  to  possess  more  than  double  the  toxicity  which  would  comspoad  lo  its  OO. 
This  is  due  to  coal-tar  products  (which  may  be  remov-eij  by  i»as.5ing  Ihc  ga^s  throufb  <■&. 
The  disagreeable  odor  of  gas  h  not  due  to  the  carbonic  oxid  (which  is  practically  odclcu^ 
but  to  sulphur  compounds.     These  arc  not  toxic,  but  Bcrve  as  a  useful  wmrntng  <'  ^ 
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escape  of  gas.  This  n<lar  can  be  fletccicd  in  olr  containing  0.01  lo  o.o]  per  cetil-  of 
fra&;  ix.,  much  below  the  danger  limit.  They  arc  removed  by  filtration  larougb  Miil; 
so  that  underground  breaks  in  gas  mnins  are  e*>p<xialiy  dangerous. 

Huin«r  of  Action. — Carbonic  oxid  acts  aniy  by  diiplacing  oxyf:en  and  has  no  direct 
action  of  any  kind;  for  if  an  unimal  is  made  to  breathe  oxygen  under  2  atmospheres  pres- 
sure (which  renileni  it  indcpc-ndtnt  of  the  hemoglobin)  the  addition  of  carbonic  oxid  in 
any  amount  produces  no  tiymptoms.  However,  (ieppert,  i8qi,  believes  that  there  is  a 
dirvct  but  insignificant  action  on  the  central  nervous  system;  and  Giacoi^a,  1903,  even 
claims  that  the  Wood  changes  do  not  play  the  principal  rflle  in  CO-poisoninR. 

Actioa  on  Plants  aod  Lower  Organisms. — Carbon  monoxid  [or  illuminatliiK  gas) 
slifihlly  retards  the  growth  of  bacterial  ciillures,  but  is  not  gemirtdal.  Infusoria  and 
dilated  epithelia  are  also  checked,  but  not  killed.  The  germitiatioa  of  the  seeds  of 
higher  pl&at:«  is  not  affected.    The  nas  kills  fjlanls  wlien  applied  lolhe  leaves,  but  Dot 

rthe  roots  (Hcidcr,  1914). 
Action  on  Blood. — Carbon  monoxid  combines  wilh  hemoglobin  tu 
form  carbonic  oxid  hemoglobin.  The  compound  is  very  Erm;  it  is  dis- 
tinguished spcctroscopically  from  hemoglobin,  and  it  is  not  reduced  by 
ammonium  sulphid  (Hoppe-Seyler,  1864  and  1865).  (Sec  Fig.  29.)  It 
has  a  cherry  red  color  (Piorry.  1826),  which  is  quite  different  from  that  of 
oxyhemoglobin,  especially  when  it  is  diluted.  This  forms  one  of  the  best 
tests  for  its  presence. 

The  affinity  of  hemoglobin  for  carbonic  oxid  is  about  210  times  as  great 
as  that  of  oxygen;  even  very  smaii  proportions  therefore  prevent  the  com- 
nDlete  oxygenation  of  blood  and  produce  asphyxia. 

P  Pate. — The  CO  U  excreted  unthunKetJ,  and  is  not  oxidizvd  to  COt.  lu  fatal  cases,  a 
part  persuts  for  a  loni;  time  (over  n  month)  in  the  blood,  and  to  a  lc«»  extent  in  the. 
mu"M:Ies(\VachhoIzaiid  Lcmlwrgcr,  igoj).  Il  may  penetrate  postmortem  into  a  cadaver, 
but  io  slowly  that  it  can  not  be  demonstrated  in  the  Internal  organs  (Stoll,  1909). 
0  Bernard  observed  that  CO  delays  the  postmortem  degeneration  of  blood  coqmscles. 
the  serum  -scparatini;  very  clear. 

Toxic  ConcentratioDS. — The  absorption  of  CO  is  proportional  lo  its  concentration  in 
the  air.  Gruber,  18S1,  found  thai  0.024  per  cent,  is  harmless  even  after  Mjvenil  hours. 
The  toxicity  begins  with  abouto.05  per  cent. ;is  severe  witho.07  per  cent.;  and  dangerous 
with  0.16  per  cent.;  0.1  to  0.4  per  cent,  is  generally  fatal.  Dizziness  and  h>'perpnca 
occur  when  about  20  per  cent,  of  the  hemoglobin  is  saturated;  unconsciousness  with 
SO  per  cent.;  death  with  60  to  80  per  cent,  of  saturation  (Orcscr,  iSqi;  Balthazard 

ana  Nicknix,  [911). 

I"  Course. — The  phenomena  agree  with  those  of  ordinary  asphyxia,  except 
by  the  absence  of  the  c\-anosis;  the  skin  l>eing  pink  ur  pale,  and  the  lips 
bright  red  {i.e.,  tiie  color  of  CO-hemoglobin).  This  is  of  diagnostic  im- 
portance.    The  effects  are  insidious,  the  person  becoming  unconscious 

ififien  with  no  premonitory  symptoms. 

I    The  clinical  cases  may  be  classllied  as  acute,  chronic  and  relapsing 

■McConneil  and  Spiller,  191 2). 

AeuU  Typt. — Xausca,  malaise,  headache,  vertigo,  mu&cular  weakness;  then  drowsi- 
neas,  coma,  relaxation  of  sphincters;  ^^omelirats  muscular  twilchings  and  convulsions. 
There  may  be  cyanosis.  Ociith  -.omeumcs  <>ccurs  acutely  through  aspiration  of 
vomited  matter  during  uncon)iciou!ines5.  Sfqwh:  a.4niratinn  pneumonia,  often  fatal; 
palpitation,  localized  nvpcrcmias,  ga^tro-intestinal  disturbances,  traruient  asphyxial 
giycoAuria  (review,  S.  Weber,  1904),  cutaneous  eruptions,  localized  eclemas,  gangrene; 
paralyses  of  central  and  peripheral  types,  choreiform  movements,  persistent  headache; 
mental  changes,  lo^s  of  memory,  confusional  insanities,  etc. 

Ckronk  Type. — Headache,  nausea,  vertigo,  weakness,  anemia,  slowed  intellect  and 
lailurr  of  memory,  and  all  the  phenomena  of  the  acute  iypc  more  ."ilowly  developed. 
The  memory  for  recent  events  w  impaired  much  more  than  for  those  of  older  standing 
(S.  Brown,  tgo6).  The  ncr\'oU5  phenomena  have  been  referred  lo  serous  Icptomenin- 
ptis  (Zicler.  1897). 

Relapsing  Type. — The  acute  symptoms  are  followed  by  complete  recovery,  but  after 
Ikune  weeks  grave  paralvtic  phenomena  appear  and  are  often  fatal.     These  cases  show 
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soflcning  of  the  lenticular  nucleus,  rcierred  to  fatty  degeneration  of  the  vettcb,  pro- 
ceeding to  calcification. 

induced  Tolerance. — Guinea  pi^  can  be  accustomed  to  live  for  months  in  mn  aliik<y&- 
phere  by  which  25  per  cent,  of  tneir  hemoglotiin  is  saturated  wiiii  CO.     This  tolera-nce 
IS  attained  by  an  increA&e  of  the  corpuscles  and  bemogloblD,  so  that  the  oxygen  capurit.^ 
becomes  almoi^t  normal. 

Treaiment  oj  CO  atid  Illuminaiing  Gas  Poisoning. — In  the  presence  of  a 
large  excess  of  oxygen,  ihc  carbonic  oxid  hemoglobin  is  again  decompos«-<d, 
and  the  CO  eliminated  (not  burned).  The  treatment  therefore  consists 
in  artificial  respiration,  or  still  better,  the  forced  inhalation  of  oxyge:*^- 
Bleeding  with  transfusion  of  healthy  blood  is  very  effecrive  (Wonac^* 
Mueller;  Crile  and  Lenhart,  1907).  Patients  should  not  be  exposed  c::^^ 
cold. 

With  respiration,  natural  or  arti6cial.  of  ordinarv'  air,  the  CO-hemC^^^ 
gtobin  is  decomjiosed  below  the  danger  limit  within  an  hour,  the  CO  beia^^ 
practically  eliminated  in  two  or  three  hours.  It  is  therefore  superfluot^^** 
lo  use  oxygen  or  uanafusion  after  an  hour. 

If  the  coma  continues  longer,  this  is  due  lo  persisting  injury  of  th^-    ^ 
nerve-centers  by  the  early  asphyxia.     Once  this  injury  has  occurred,  1      -* 
would  not  be  helped  by  oxygen.     The  existence  of  acidosis  indicates  alka-  -^^^ 
lies;  otherwise  the  late  treatment  would  be  eiqwctanl  (Y.  Henderson-^ -*• 
I9»6).  _  _  ^^ 

The  prognosis  varies  with  the  duration  of  the  exposure  and  of  the  coma  -^-^ 
It  is  bad  if  the  coma  has  lasted  more  than  forty-eight  hours,  or  if  edema  o*  ^^^ 
cutaneous  blebs  have  developed  (G.  I.  Jones,  1909).     Even  in  favorabl^^ 
cases,  recovery  is  rather  more  slow  than  with  most  gases;  but  the  acut^^- 
efifccts  have  generally  disappeared  within  three  hours. 


OXYGEK 

The  Inhalation  of  Pure  Oxygen. — Oxygen  constitutes  about  one-fifttt:*'^ 
(20.94  per  cent.),  by  volume,  of  ordinary  air.  An  increase  of  this  proper-  -w^~^' 
lion,  and  even  iiie  itthaiation  oJ  undiluted  oxy§en,  produces  no  noticeaiU-^^ 
efect  under  ordinary  conditions.  The  rale  of  oxidation  or  the  consumpiio«<: 
of  oxygen  is  not  at  all  increased  (Pflucgcr);  indeed,  the  output  of  CO*  L 
rather  lessened.  Evidently,  the  proportion  of  oxi,'gen  in  air  suffices  fc 
all  ordinary  needs  (or,  rather,  it  is  greater  than  necessary);  and  additit 
oxygen  acts  merely  as  an  indifferent  gas^ — as  so  much  nitrogen  orhydrc 
In  other  conditions,  however,  namely  when  the  supply  of  oxygen  is  def 
cient  from  any  cause,  its  inhalation  will  remove  the  asphyxia!  symptotf  'm.  iPS 
with  striking  promptness  and  eflitiency.  ■ 

Condition  of  the  Oxygen  in  the  Blood. — The  effects  of  most  gases  a  ^  JiirM 
strictly  proportional  to  their  partial  pressure  in  the  respired  air.  Ox}'g^S(Cflfl 
departs  from  Ibis  rule,  for  there  are  practically  no  effects  when  itspcrceiraK'nI- 

age  is  varied  between  10  to  15  or  too  per  cent.     This  is  explained  by  t' ^PtJic 

fact  that  only  a  small  part  of  the  oxygen  is  carried  in  physical  solution     .^  in 
the  blood  plasma.     By  far  the  greater  part  is  in  loose  chemic  combinalL-i^  ion 
with  hemoglobin,  i  molecule  of  hemoglobin  combining  with  i  moleculcof       ^Oj 
(Butterfieid,  1913).     This  combination  is  only  slightly  affected  by 
above  changes  of  pressure.     When  respiring  ordinary  air  without  obstr*^       uc- 
tion,  the  hemoglobin  of  the  arterial  blood  is  already  four-fifths  to  nir      ne- 
tenths  saturated  with  o-xygen;  and  the  amount  taken  up  can  therefore         hf 
but   little  increased  by   raising   the  oxygen   tension  (Buckmaster  ^^od 
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Gardner,  1Q13).  The  oxygen  o£  the  plasma,  however,  increases  directly 
with  the  oxygen  percentage  of  the  alveolar  air.  While  the  amount  thus 
carried  is  numerically  small,  it  becomes  important  in  conditions  in 
which  the  hemoglobin  can  not  perform  its  functions  properly,  as  in 
anemias  or  CO  poisoning.  The  plasma  oxygen  may  also  play  a  part 
when  the  demands  for  oxygen  are  greater  than  can  be  supplied  by  the 
hemoglobin;  as  in  very  severe  muscular  exertion  or  in  cardiac  disease. 

P  Ordinary  arterial  blood  contains  about  18.5  per  cent,  of  oxygen  in  chemic  combina- 
^on  with  hemoglobin;  and  o.O  per  cent.  disiuK'cti  in  the  plasma— a  total  of  19.1  per 
cent.  Inhalation  of  undiluted  oxygen  increases  the  jiercenlage  in  oxyhemoglobin  only 
to  18.7  percent.;  the  dissolved  oxygen  is  increased  in  proportion  to  the  partial  pressure; 
i.e..  to  3  per  cent.,  civin^  a  total  of  Jt.-j_  per  cent.,  or  an  intrcasc  of  j.o  per  cent.  This 
b  not  really  as  stnM  a»  it  anp<-ars;  for  it  seE>m^  that  the  oxyhemnglnbin  tlor!>  not  yield 
all  its  oxygen  to  the  tissues  (lor  instance,  after  death  by  asphyxia  the  blood  litill  coolains 
considerable  oxygen).  Haldane  ctin>idrFS  that  the  increase  of  3.6  per  cent,  realty  equal:^ 
about  40  per  cent,  of  tlie  easily  available  oxygen  of  the  blood. 

Dissociation  Curve  of  Oxyhemoglobin.— This  follows  ihc  law  of  mass-action, 
,  showing  thai  the  reaction  h  chemic  and  not  absorptive.  Thp  rurve  h  identical  for 
pure  solutiotu  of  hemoglobin,  whatever  Ihcir  ori);!n;  but  it  h  markedly  affected  by 
electrolytes,  and  therefore  differs  in  the  blnod  of  different  animals  or  even  individualiL 
The  action  of  electrolytes  is  explained  by  aggregation  of  the  hemoglobin  molecules. 
It  is  especially  great  with  acids  (il-ion  concentration).  Increased  acidity  dJniinii^hrA 
the  affinity,  and  therefore  the  effective  concentration  of  oxvgcn.  Thus  40  mm.  of  COa 
cuts  the  efficiency  of  oxygen  Into  half.  The  samv  laws  hold  for  COhemuKlobin  (Bar- 
croft.  1914). 

Absorption  of  Oxygen  In  the  Lungs-^There  has  been  much  discussion  whether  this 
follows  purely  physical  laws.  The  question  is  even  now  not  absaliitely  decided.  Ac- 
cording to  Douglas  awl  ilaldane,  1910,  the  ubsorjjtion  is  Mmply  physical  under  ordinary 
conditions;  but  if  so  much  CO  is  inh.iJed  that  the  supply  of  oxygen  to  the  tissues  become 
inadequate,  there  is  an  active  (secretory)  abs«r[)tmn,  so  that  the  partial  pressure  of 
oxygen  in  the  arttrial  blood  becomes  higher  than  in  the  alveolar  air.  This  occurs  al&o 
when  the  demand  for  oxygen  Is  {ocreased  by  muscular  work.  It  is  not  known  how  this 
correlation  is  brought  about. 

Mechanism  of  Oxidations  in  Tissues. — The  oxidations  of  metabolism  are  not  ac- 
complished by  oxyRcn  dire-^tly,  for  they  can  not  be  reproduced  in  vitro  at  ordinary 
icmfMframre,  There  must  be  somr  artivation  of  the  oxygen.  The  most  rommonly 
accepted  theories  are  modifications  of  that  0!  M.  Traubc.  i.f.  the  production  of  super- 
oxids^  which  produce  in  ittra  types  of  uxiilalion  correspontlirg  slowly  to  iho-*  in  the 
body.  The  axidaset  are  supposed  to  consist  of  organic  pcroxids  and  a  catalyst  iptroxu 
Jate).  CtU'iiasej,  which  occur  in  many  lis-tui'S,  act  only  on  hydrogen  peroxtd;  their 
function  Is  problematic  {Ribiio(;raphy,  Kastle,  Ilyg.  Lab.,  Ilul.  Xo.  59).  The  oxidizing 
fermenta  so  far  identiGed  are  appnrentty  not  connected  with  the  energy-producing 
oxidationi  of  the  boilv  fHatt-Ili  and  Stem,  iQii)- 

Relation  to  Medullary  Centers.  -These  arc  stimulated  by  moderate  deficiency 
of  oxygen;  paralyzed  by  extreme  deficiency.  The  respirator>'  center  is  the  most 
sensitive,  then  the  viuumolor.  and  least  the  vagus  center,  The  intensity  of  the  reaction 
i*  determined  by  the  rapidity  and  degree  of  the  change  and  by  the  slate  of  the  renters. 
Excessive  oxyffcn  is  depressant.  I,ocvcnhart.  1913.  attributes  ordinary  asph>Tcial  stimu- 
lation to  depre*>iim  of  the  oxidative  prtK-essc*  of  the  cells,  bv  actual  abstraction  of 
oxygen,  or  by  increase  of  hydrogen-ion  concentration  (acidosis,  COj).  Very  similar 
pheiiomenu  are  produced  very  promptly  by  cyanids  which  are  known  to  irlerlere  with 
oxidation.  The  rcsponw  occurs  so  promptly  thai  there  would  scarcely  be  time  for 
the  accumulation  of  acid;  so  that  deficiency  of  oxygen  probably  acts  directly  (Gasser 
and  Loevenhart.  1Q14). 

IVo-phase  Oxidation  Theory. — 'Loevenharl,  10151  su;*gests  that  asphyxia  may  he 
explained  by  as^umin^  two  iihascs  of  oxidation:  the  "rest  process,"  occurring  during 
rest  and  recovery,  and  requiring  external  oxygen;  and  the  "activity  process,"  during 
activity,  which  consumes  internal  oxygen.  Both  processes  would  be  constantly  in 
operation;  their  relative  intensity  determining  the  state  of  activity  of  the  cell.  The 
addition  of  external  oxj'gen  would  reinforce  the  "rest  process"  and  thus  cause  depres- 
"irn;  while  oxygen  deficiency  would  have  the  opposite  effect. 

Relation  of  Oxygen  to  Activity. —  Kver>-  increaw  nf  aclivily,  in  any  organ,  appears  to 
luce  an  increased  coosumptioD  of  oxygen.     This  outlasts  by  far  the  time  of  actual 
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stimulaliun  and  vUiblc  response.  The  aamc  is  true  of  the  production  ol'hcat.  T* 
corrcsponrls  to  the  "Ti-^t  pruccss,"  and  is  evidently  concerned  in  the  storage  of  potent 
energy.  ^^ 

ll^Dor  Effects  of  Oxygen  Inhalation,    ifftabotiim. — l^voi<a«r  and  Segwn,  lyfft-'^  ^^ 
claimed  that  pure  ox>-geii  has  no  effect  on  mctal)olism.     This  has  been  confirmed  by  l^      "^  "* 
modern  investigators.     However,  the  reputed  benetiu  from  the  inhalation  of  oxygen     * 
fatty  dr^enrralion  and  som*  other  abscure  dUrasft  (if  the  reports  are  reliabk)  wo«-« 
point  to  some  efTect  on  tnet&bolism,  perliaps  loo  &mall  to  be  delected  by  the  usual  method: 
of  observation. 

Oxygen  inh.'ilaiion  also  produces  some  other  slight  cflci-ls:  Q.  Bernard  claJm».*^«"» -3»oJ 
that  birds  placed  in  pure  oxygen  are  greatly  excited;  and  thai  the  urine  of  rabbits  b<=S  -s  be- 
comes acid.  Benedict  and  Higgins,  1911,  observed  some  slowing  of  the  putir,  irilbo»*:»  «*ool 
change  in  respiration.  There  are  rather  mtirc  marked  effects,  after  tx€rciie  (Co(_p«:»- — 00k 
and  Pembrcy.  101.)).  The  ci^cicncy  of  athletes  is  increased  .ind  fitrcr*!  rrspiraUoa  c^k^>  -  cio 
be  maintained  longer  (Hill  and  Hack,  i(>oq  and  1910)-  t'hristinnson  and  co-worfcciJi  _»  aim. 
igi.i,  attribule  this  to  the  smaller  solvent  power  of  blood  for  COj  in  the  presence  • 
excess  of  oxygiT. 

Oxygen  under  excessive  pressures  (above  i.;  atmosphere^}  produces  pneumoni^-i-i 
pressures  above  3  or  4  atmospheres,  cause  violent  conviilsjoai  and  ultimately  dealL^ 
These  effects  are  not  due  to  prcssun-  ns  such,  for  they  ate  not  produced  by  compress 

air  until  the  partial  pressure  of  oxygen  reaches  the  above  6gur<A.     A.  Adams,  igi  j.  ai 

A.  Schmidt  and  David,  igli,  claimed  that  prolonged  inhalation,  ewa  oi  70  per  cen*"« ^» ~'^^ 
oxygen  at  ordinary  pressure  would  produce  fatal  pneumonia.  Bruemn];,  iqij,  refc  •^'*^»^f" 
thoc  results  to  the  dryness  of  their  gas,  since  the  same  effects  were  produced  Mth  dm  t>  ^V/3 
compressed  air,  and  not  if  moist  oxygen  was  inhaled.  However,  Karsner,  igij,  fouir*  *-»*""?* 
that  even  when  these  precauiions  are  taken,  rabbits  exposed  forty-eight  hours  lo8op*^^  -t^oP* 
cent,  oxygen  show  congestive  or  inflammatory  changes  in  the  lung^.  Exposure  f»^  ' 
iwenly-four  hours  did  not  usually  produce  any  damage. 

Phagocytosis.— Tills  has  been  studied  in  rUro  by  H.  J    Hamburger,  1915.     |>»*^»- 

frivation  of  oxygen  stimulates  phagocytosi.t  (or  a  time:  prolonged  exposure  is  deprcssan  rv 
Dcrensc  uf  oxygen  is  abo  generally  depressant.     Hydrogen  pcruxid  slimutates  marltedh^  V 
Potassium  chlorate  and  ferricyanid  produce  no  efTect. 

Oxygen  in  Asphyxial  Conditions. — The  results  arc  especially  itrikm;-*^  ,  ^ 

in  those  form?  of  asphyxia,  in  which  ihe  access  of  oxygen  In  the  blood  is     ^?  -^ 
hindered,  as  by  vitiated  air  (anesthesia,  mines,  wells,  etc.);  by  mffkcnita 
iitterfcrencr  with  respiratiim  (suffocalion,  drowning,  croup,  clc):  by  df 
pressed  respiration  (anesthesia,  collajjse):  or  by  a  diminished  absorbing  *^  ■' 
surface  of  the  lung  (prtcunionia).     In  all   these  ca^es  the  blood  Is  dis^**- 
linctly  venous,  i.e.,  the  hetnoj^Iobin  is  not  saturated  with  oxygen;  and  ih»*»  * 
inhalation  of  the  gas  promotes  the  saturation. 

In  anemia  (whether  from  hemorrhage  or  any  other  cause,  such  ar-^ 
chlorosis  or  leucemia)  asphyxial  conditions  result,  not  from  deficient  *^ 
supply  of  oxygen,  but  from  a  deficiency  of  hemoglobin.  The  inhalation-** 
of  oxygen,  in  these  cases,  does  not  increase  the  quantity  of  o]c>-gen  carrietfc»' 
by  the  hemoglobin,  but  that  carried  in  solution  by  the  plasma,  as  has  l>cerr»' 
explained. 

The  inhalation  of  oxygen  is  also  useful,  in  an  entirely  analogous  manner,* ' 
in  advanced  cardiac  disease,  when  the  circulation  b  too  slow  lo  convey  the-^ 
required  oxygen  lo  the  tissues. 

Another  factor  may  possibly  come  into  play,  for  G.  N.  Stewart,  iQiii  (otind  thai    ^ 
oxygen  Inhalation,  whde  it  producer  no  effect  on  the  blood  flow  of  the  hand  in  normal    *-^ 
individuals,  produced  a  marked  increase  in  a  cyanotic  patient.     ,\rlifidaUy  pcrfusod 
ves»els  (frogs)  are  constricted  by  oxygen  (Hooker,  igti). 

Administration. — Compressed  oxj'gcn  is  marketed  in  metal  tanks. 
The  gas  j-hi>uid  be  passed  tlirough  warm  water  and  delivered  through  s 
funnel  suspended  over  the  face  of  the  patient.  The  rate  and  duration  of 
the  administration  is  regulated  by  the  s>iuptoins. 
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The  funnel  method,  hotre^'er,  a  wasteful,  and  only  enriches  the  air  by  3  to  5  per 
It  of  oxygen.  If  higher  concentration:*  are  desired,  u  mask  with  vaKxs  must  be 
ised.     (Y.  Henderson,  ic»i6). 

Intravenous  Injection  of  Oxy(en. — This  is  described  by  TunnkUffe  and  Stcbbing, 
(>|6.  It  give?)  rapid  relief  to  the  cyanosis  and  d>'spnea.  In  man.  the  ^as  cun  lie  in- 
ected  into  a  vein  at  the  rate  of  6co  to  I300  c.c.  per  hour;  ui^ually  beginning  nith  the 
ite  of  500.  The  heart  mu:it  be  watched,  the  injection  beini;  st<ippr<l  iiany  irregularity 
ppears. 

St^ttlantotu  InjeciuiH  iifOxyfii-n. — Tins  iifasintro<liiccd  by  r)erose,  igii.  McCrae, 
914,  bdJeve&  that  it  has  a  limited  field  as  substitute  for  inhalation. 

PREPAKATIONS — UXVGEN 
*Osyirmium  (Oxygen.),  U^.P. 

OXYGEN  DEFICIENCY 

Asphyxift  Tliroueh  Lack  of  Oxygen. — This  may  result  from  a  deficicnc\'  of  oxygen  in 
air  by  breathinK  rarcticd  air,  or  air  diluted  with  indiUcrt-nt  gases  (N,  H.  L"H(); 
y  iKk  presence  of  CO;  by  anemia;  etc.  Ordinary  air  may  he  dilulctl  until  it  contains 
oly  about  15  per  cent,  of  oxygen  (or  may  be  rarefied  to  the  »amc  degrct').  without 
rouucing  .-vny  immediate  effect  (Bemstdn,  iSSa).  A  candle  will  be  extinguished  when 
ic  oxygen  has  fallen  to  about  17.5  per  cent.,  and  is  therefore  a  test  for  the  safety  of 
ic  air.  as  far  as  oxygen  is  concerned.  At  about  10  per  cent,  slight  symptoms  are  notice- 
>le,  especially  on  escrtion,  bm  they  arc  not  alarming — di/Jtincss,  shortness  of  breath, 
■epcr  and  more  frequent  respiration,  quickened  pulse,  slight  cyanosis.  With  7  per 
'lit.,  these  symptoms  become  serious^  and  stupor  scLs  in.  With  a  slightly  lesser  per- 
ntage,  unconsciousness  occurs.  With  2  to  3  per  cent.,  death  occurs  within  forty-five 
conda  (the  effects  of  low  tensions  nf  ox>'gcn  are  de-scribed  by  Haldane.  1908; 
£  cSecU  on  respiration  arc  reported  by  Schcnlc,  1908].  Anoxemia  dilates  the  blood 
Heels  (inrtuilinc  the  ciiri>n;iryj  on  direct  perfusion  (Richards,  1914). 
TChronic  Oxygen  Deflciency.^.'Ks  seen  in  anemias,  etc.,  this  causes  considerable 
crcasc<l  tissue  destruction,  fatty  degeneration,  and  addosts  (ammonia  in  urine). 
XkAlly  there  is  general  paralysis  of  all  organ  functions. 

fclxpusure  to  slightly  rarclicd  air,  as  on  mountains,  causes  "uurantain  sickness" — 
tu&cn.  headache,  insomnia,  etc.  This  generally  disappears  after  a  few  days.  A  curi- 
is  phenomenon  is  a  prompt  and  pcrsi.ucnt  increase  m  the  corpuscle  and  hemoglobin 
Dtent  of  the  hloo<l  (by  jj  ^"  4°  P"  cent.).  This,  is  at  first  due  lo  a  diminution  of  the 
iksma,  the  total  quantity  of  hemoglobin  being  unaltered,  .\fter  a  lime,  however,  the 
solute  hcmogUjbm  is  also  increased;  the  formation  of  corpuscles  by  the  bone-marrow 
ittii  stimulated  (Dallwig,  Kolls  and  I,oevenhart,  1915;  (1.  11.  Martin,  Bunting  and 
pe\-cnhart.  1916].  There  is  retention  of  \.,  S.  and  P.  The  rcspiratorv  metabolism 
'increased.  These  effects  arc  attributed  to  oxygen  defiriency  (Dnuglaa,  Ilaldano, 
ftodrrson  and  Schneider,  1013.  Locvenhari). 

iCheynft-Sukee  resptratioQ  is  aUo  referable  to  oxygen  deficiency  (Douglas  and 
Udane.  1909):  the  apnea  lowers  the  oxygen  and  leads  to  accumulation  of  lactic  add. 
ttis  increases  the  etatability  of  the  respiratory  center,  so  that  a  very  low  COi  tension 
iff%c€A  to  produce  hyperpnea.     This  lowers  the  COi  and  increases  the  oxygen,  so  that 

lactic  acid  ii  Dxidizcd,  apnea  reappears  and  the  whole  process  is  repeated. 


HYDROCYANIC  ACID  AND  CYANIDS 

General  Statement.^Hytlrocyanic  fprussic)  acid  is  probably  the  most 
rapidly  acting  poison.  It  produces  death  under  asphyxia!  sjinptoms,  by 
hindering  the  oxidative  processes  of  the  tissues.  Il  also  interferes  with 
most  other  fermentations  and  is  therefore  a  general  protoplasmic  poison. 
Compounds  containing  the  CN  radical  are  loxic  only  if  they  can  liberate 
HON.     Ferro-,  fern-,  and  sulphocyantds  are  stable  and  therefore  do  not 

w  these  effects. 


t 


;^  Occurrrac*. — Hydrocyanic  arid  exists  in  gtucosidal  form  as  amygdalin  in  many 
"its.opedallyin  the  seeds  and  leaves  of  the  cherry,  almund,  peach,  etc.     Thisamyuda- 
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lin,  when  pure.  U  almost  entirely  harmless,  csccj)!  us  it  isdccoroposed  in  the  body  Bi^ 
ID  most  plants  it  coexists  with  the  fermcnl  rmuLsin,  hy  which  it  is  ivplit  up  in  the  presenc 
of  water  into  hydrocyanic  acid,  glucose,  and  bcozaldchyd: 

C,oH.,NOu  +  3H,0  -  sCHhOj  +  HCX  +  C,H»  CHO 

One  gr&m  of  chcrr>'  kernels  yields  1.7  mg.  hydroc>'anic  add;  i  gram  bitter  ali 
pulp  yields  2.5  nig.  hydnxyanic  acid. 

The  most  imporunt  cyanogen  (CX)  compounds  arc  the  acid  (prussic  add,  offid^^  jj 
as  the  dilute,  z  per  cent,  solution)  and  cyanid  of  jiolassiuni.     Mercury  cyanid 
mainly  a  mercury  action.     The  cyanid  action  is  also  shared  by  the  organic  Mien  {nilriit'~ 
these  differ  from  potas»uni  cyanid  only  in  the  rapidity  with  which  the  cyanogen  ^ 
liberated   (l.ang,    1894;    Kcyman^^  and    Masoin,  1897,  iqoo,   igot ;  R.  Hunt,  1904 
NUropru7,sidi  liberate  C-X  rcndily  and  agree  with  cyanUls,  except  that  they  are  lest  cc 
vulsivc  [L.  Hermann). 

Effects  on  Higher  Animals. — TS'hen  given  in  doses  small  enough  w~  to 
permit  uf  watching  its  action,  this  is  seen  to  consist  in  ajfeeiing  ''■'—?[''*•'—■  jj 
of  certain  parts  of  the  cetitru!  nervous  system,  followed  by  depression  ar-^Hid 
paralysis.  The  action  begins  in  the  medulla.  The  vomiting,  rcspiratoi  jy, 
vagus,  pupil-dilator,  and  vasomotor  centers  arc  al!  stimulated.  Th—-  en 
comes  utuonsciousness,  and  after  ihhcottt'ulsions.  In  man  these  are  pro«^EDb- 
ably  mainly,  medullary  in  origin.  Then  follows  paralysis  of  the  wh<Z3K>le 
central  ner\'ous  system.  Involuntarj*  evacuations  of  feces,  urine,  a=^  -nA 
semen  are  frequent. 

The  RespirtUion. — This  is  at  first  greatly  increased,  especially  in  depi^i*^; 
it  Ihcn  becomes  slow,  shallow,  anrl  irregular  fCheyne-Stokes  t^TW).  It 

stops  considerably  before  the  heart,  paralv'sis  of  the  respiratory  cen^'  tf 
being  the  immediate  cause  of  death. 

The  efTccts  on  respiration  are  central,  for  they  are  not  aJIccted  by  section  of  the  va^v 
or  by  atropin  (Bochm  atid  Knic,  1874).  The  smallest  cflcctivc  doses  increase  tmth  r 
rate  and  depth  of  respiratiou;  HCN  being  one:  uf  the  strongest  fttimulauts  of  the  rnpi^c 
tory  center.  This  is  mure  sensitive  to  cyanids  than  the  vasomotor  center,  and  thi«  ag 
is  more  sensitive  than  the  vagus  center.  Larger  doses  stow  the  rate,  butgreatly  inc: 
the  firnths  nf  respiration.  Toxic  doses  depresa  &nd  paralyw  the  cenler.  The  resp^W-^^"^ 
tory  cnetis  are  antagonized  by  iodosobcnzoatc,  whidi  yields  active  ox>-gea  (Grove  ^^^-^ 
LoevimharC,  iqi  ij. 

In  frogs  the  respiratory  center  ii  also  stimulated  by  small  and  depreaBed  b^'  la.  ^^rff 
doses.  Decerebrated  animals  require  larger  do<ies  than  norma!  to  produce  resptrat^  j:^4>rf 
paralysis  (Hepner.  1915). 

Convulsions. — ^Rabbit^,  deprived  of  their  hemispheres  exhibit  the  usual  type  oS  c:  -o"" 
vul&ions;  but  the  course  Is  nure  rapid  (Morita,  1915). 

The  Effect  on  t/te  Circitiation. — This  is  entirely  analogous  lo  that      —  Of 
asphyxia  (see  Fig.  6,  page  192).    As  in  Ihc  latter,  the  heart  may  ag'_^M" 
execute  a  few  movements  after  it  has  stopped  for  a  time  (k  in  the  figu^^vtj; 
but  these  do  not  suffice  to  maintain  the  circulation. 

Vasomolor  Center. — ThU  shows  intense  <>limulalifln,  with  corresponding  rise  of  b^^B**J 
pressure.     The  effects  correspond  with  asphyxia  iPilcher  and  Sollnmnn.  1915)- 

Peripheral  Atiiatt  on  Vastls. — In  exciitd  kidneys  perf UM:d  with  saline  solutjoa^^   til 
B^ldition  uf  hydrocyanic  acid  causes  a  very  marked  dilution  of  the  leniil  vesscb.  Tit 

effect  i*-  apparently  due  to  a  ciaralj-sia  of  the  arterial  muscle.     It  disappears  proasmjtfhr 
on  rcmuvmg  the  cyanid  (Sollmarm,    190S).     The  coronary  vessels  are  also  tm^Jw 
CLocvcnhart  and  Kyster,  1913).     It  i<i  quite  possible  that  the«e  dilations  arc  due  t<otAr 
interference  with  tlie  oxidation  of  metabulic  wBkte-pr«lucts. 

ffearl. — .\ppllrd  directly  to  the  fray's  htarl,  c>'anid<t  cause  a  standftUl.  whkll  tf  iM 
removed  bj"  alrupin;  however,  the  heart  responds  strongly  to  electric  or  raechantc  siiaai- 
lation.     Tru-  paral>'si&  evidently  involve*,  the  automatic  property  of  ihe  cardiac  muide. 
There  is  no  eWdencc  of  this  action  on  the  blood-pressure  tracings  from  mammals. 

In  limulus,  weak  concentrations  stimulate  the  heart  rausde  aod  ganglia  (Catiaoa, 
■907)- 

Cyaold  Action  Explained  by  Tissue  A^jrxia.— The  phenomcoa  of  the  actioB  d 
hydrocyanic  acid  on  the  central  nervous  s>-stcm — the  stimulation  of  the  meduUvy 
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Iters,  the  coovulsions,  the  vascular  paralysis,  etc. — bear  a  close  resembluce  lo  those 
'  asphyxia  and  it  can  be  easily  shown  thai  uxidatinn  i&  enormously  diminished.  There 
is,  however,  one  ver>'  marlced  difference  from  ordinary  asphyxia,  for  the  blood  remains 
of  a  brit^ht  arterial  color,  indeed,  the  oxygen  cunteni  uf  the  venous  blood  in  typical  cyanld 
poi&onins  approaches  that  of  oniinary  arterial  blood  (CI-  Bernard)-'  The  oxygen  is  10 
the  onlinary  combination  vrith  hemoglobin,  and  can  be  removed  as  readily  as  normally 
in  vitro.  It  is  therefore  evident  that  the  oxygen  supply  to  the  lis&ues  is  not  1et<»ened. 
The  cause  of  the  a<^phyxia.  of  the  Lessened  oxidation,  must  lie  in  the  protoplasm  of  the 
tissues.  Thi-i  undefgoe*  what,  might  be  termed  "(n/enw/  tisphyxin"  m  signt  ot  abund- 
ant oxvgen  (Geppert,  1S89).  The  interference  \t-ilh  oxidation  has  also  oecn  demon- 
strated with  "billed  frogs;"  excised  kidneys  (Vernon,  1906);  many  lower  animab;  and 
with  ferments.  It  mav  therefore  be  as>iumrd  tliat  the  cyanid  interferes  with  the 
itativc  proce^sen  by  which  the  utilization  of  oxygen  is  accomplished. 
Hymon.  \yi<i.  has  measured  the  effects  on  oxygen  consumption  in  i^ngfi.  They 
tftist  in  a  primary  increase,  folkiwisl  by  diminution.  Tlie  depression  increases  a5  the 
boBCCfltration  uf  the  cyanid,  so  that  high  concentrations  produce  practically  pure  de- 
pfCMoa- 

k  Actum  on  Ferments.— Schoenbein,  1867,  first  showed  that  hydrocyanic  acid  inhibits 
Hdinng  ferments,  prevciiling  the  nilalytic  action  of  shed  blood  on  H,0,.  The  catatase 
K  not  destroyed,  but  only  inhibited.  (In  acute  cyanid  poisoninR,  the  inhibitorj*  con- 
ccnlratiun  U  not  reached;  I>unclicr  and  Jodlbauer.  tpi  i).  It  has  a  similar  inhibitory 
cfTect  on  many  other  ot!;anic  ferments  and  inoriiamc  calalyxent  (sponcy  platinum). 
The  effect  on  metaU  h  probably  produced  by  a  minute  film  of  cyanid.  and  tts  mechanism 
-a  therefore  probably  not  analogous  to  that  on  oriianic  fermentj.. 
L  Action  on  Hemoglobin. — It  is  doubtful  whether  HCX  combines  directly  with 
bnuglubin  under  tirdinary  conditions.  Zeynck,  t(}oi.  state*,  that  cyanid  does  not  com- 
mie at  all  with  hemofilobin;  and  that  withoxyhemogloLuD  it  does  so  only  after  several 
lours;  even  at  body  Icmperaturc- 

■  When  added  to  met  hemoglobin,  it  causes  the  formation  of  cyan -hemoglobin  (Kobert, 
Kfi ;  V.  Zeynek).  which  differs  from  onlinary  hemoglobin  in  its  bright  red  tohir  and  in  a 
lEculiar  band  (Hg.  2^).  Thu  compound  is  responsible  for  the  bright  red  cccbymotic 
pots  seen  after  hydroc>'anic  poisoning.  Methemoglolnn  can  be  used  as  a  test  for 
wdrocyanic  add. 

E  I.ower  Orunisms. — Cyanid  is  a  vlottnt  proloplaimk  poison,  presumably  through  its 
ptraint  of  the  fermentations  which  play  a  most  important  rile  in  life  processes.  All 
!>rms  of  life,  all  tis:iues  and  organs,  are  affected.  Infu^ria  are  killed  in  a  concentration 
(  0.1  per  ccnL  The  growth  of  yeast  and  of  higher  plants,  the  germination  of  seeds,  the 
Dntractility  of  animal  cclN,  lhccnnducti\'ity  of  nerves,  etc.,  arc  inhibited.  If  the  action 
I  sufhciently  continued,  all  \-itaHty  is  destroyed;  but  if  the  cyanid  is  promptly  removed, 
omplctc  recovery  occurs.  Its  eficcts  aRfec  with  those  of  deprivation  of  oxyj-en.  J. 
lOeb.  tQto.foundinarbadaovathatthistcs.scn.f  the  toxic  effects  of  a  number  of  poUons 
ialt:>,sac:charos,e,  linoid-narcotics),  and  Warburg,  1912,  claims  that  the  combined  inhibi- 
ory  action  of  HCX  and  hydrocarbon  narcotics  it  leas  than  simple  summation.  In  cer- 
un  fi:»h  ova,  cyanids  alio  suspend  the  autolytic  processes  accompanying  death,  &o  that 


cells  remain  in  a  condition  between  life  and  death  fo^se^'eral  aays  (Sollmann,  1906). 
Phagocytosis.— This  is  stimulated  in  vitro  by  traces 
lus  t(j  oxvgcn  deprivation  (H.  J.  Hamburger.  1415). 


11  days 
X;  the 


effect  being  anai- 


BCcmbrane  PenneabiUty. — Even  very  dilute  c)-anid  solutiooa  increase  the  permea- 
ly   of  TMHesrantia  cells.     This  effect  is  enhanced  by  very  low  concentrations  of 
oroform  or  alcohol;  diminished  by  higher  concentrations  (Krchan.  ioi4)- 
Other  Effects  on  Metabolism. — Severe  cyanid  iwisoning  inrreascs  the  total  S*  ex- 
lon.  mainly  as  urea,  both  io  starving  and  in  fed  animals. 

Local  Anesthesia. — Direct  application  of  HCX,   even  lo  the  intact 
produces  local  anesthesia. 


Fate. — Hydroc>-anic  acid  is  very  unstable;  it  changes  ver>*  readfl^,  even  by  rocre 

sure  to  light  and  air;  and  it  undergoes  »till  quickrr  decomposition  in  the  body. 

of  it  curobiocs  with  sulphur-containing  molecules  to  form  iiulphocyanids.     A  part  is 

unchanged  by  the  lungs.     The  fate  of  the  remainder  is  unknown.     Po^tmOCteiS, 

ii>io,  found  the  largest  quantity  in  the  heart  and  brain. 

i>  found  in  the  human  parotid  saiiwi,  while  it  is  absent  in  that  of  all 
•nimaJs.     The  nersous  connection  of  the  gland  muft  be  inuct,  for  it  is  absent  in 
pdd(flc-car disease,  for  instance.  Juergcns,  1901.    Gschcidlcn  found  it  constantly  in  human 

r  I  ChM.  tar  I,  claim*  ifut  ih*  nd  nolnr  of  tfar  ntiam  blooJ  u  not  doe  to  liaitrnd  oaidatioa.  bnt 
tapid  armlatina  (ron  vMwlilation  and  cftnliar  atiRiuUtiaa. 
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urine;  and  Nenclci  claims  that  tract's  exist  norniHlly  in  the  stomach.  Its  significioce 
is  not  understand,  but  it  rlocs  not  mult  from  baclcrial  decomposition  as  was  fomurly 
supposed.  It  is  -iu^^cstivc  Chat  some  protdns  with  loosely  combined  sulphur  coDvcrt 
KCN  into  KCN.S  in  vitro  at  room  temperature  (Paacheles).  It*  amount  can  be  increased 
by  taking  HCN — even  that  existing  tn  tobacco  smoke  causing  an  increaw. 

Acute  Cyanid  Poisoning. — Hydrocyanic  acirl  is  not  much  used  in  crim^ 
inal  poisoning  (0.5  per  cent,  of  the  recorded  cases),  because  its  quick  ac- 
tion would  «oon  lead  to  the  detection  of  the  crime.  On  the  other  band,  i»- 
or  the  cj^nids  are  favorite  methods  with  suicides.  On  account  of  th^ 
technical  uses  of  potassium  ci,'anifi  (in  photography,  electroplating,  clcan^r^ 
ing  of  metals,  etc.),  it  can  generally  be  obtained  with  little  trouble.  Som- 
cases  are  also  reported  of  accidental  poisoning  by  the  gaseous  acid. 

Pure  hydrocyanic  acid  is  extremely  volatile  amJ  very  toxic.  The  famous  cheim»~f  ^j^ 
Schcele,  who  discovered  hydrocyanic  acid,  was  killc<i  by  the  vapors  set  free  in  it^  ^aiie 
breaking  nf  .1  fl,isk  of  tliis  fluid.     Many  fatalities  li,ive  been  prtMured  by  the  uie  •  ^ 

cyanid  vapors  as  in3<.-cticide. 

The  iirrnglh  of  the  ufliciat  (dilute)  acid  should  be  2  per  cent.;  but  many  '""P*^  miIij 
arc  much  w<.-akcr,  on  account  of  decomposition.  Potaa«ium  c>'anid  is  also  vcr>'  variao'  m  if^ 
The  pharmacufHjeiu  TCt{ijircs  a  strvni^lh  uf  i^o  per  mil.;  but  the  cummrrcial  arli^  .^cle 
sometimes  contains  only  jo  or  40  per  cent.  This  accounts  in  part  for  the  variability  — ^  in 
the  appearand;  and  wvcrity  of  the  symptoms,  .\nolher  variable  factor  is  the  f-  —^ate 
of  absorplion,  according  to  whi-ther  the  stomach  is  full  or  empty.  In  the  latter  ca-^^^ur, 
ihereia  a  much  better  chance  of  living  the  iMiticnt.  However,  the  absorption  is  altn^^^=a}i 
very  rapid;  it  orrurfteven  to  s^mie  extent  from  the  intact  skin.  Applicatjon  to  raw  s^^^mnT- 
faccs  or  to  cuts  has  given  rise  to  poisoning.     Inhalation  of  the  vapors  ha»  proven  fa^r    -lal 

The/ri/.ii  dose  of  absolute  HCN  h  about  0.05  Gm.  (i  gr.);  that  of  KC'N  i^o.J  to  aj 

Gm.  (3  to  5  gr.);  that  of  dilute  hydrocyanic  acid  would  be  about  1.5  (rm.;  50 or  60  Bit-^^Vtlei 
almond  seeds,  would  be  fatal,     forresuondingly  larger  doses  are  needed  if  the  dnigf  *w 

impure  or  decomposed.  The  impression  prevails  quite  -n-idcly  thai  prussic  acid  is  ^-  one 
of  the  most  nunerful  poisons.  This  rejiutation  is  justifled  by  its  exirrmrly  rapid  ocfi-^^BM, 
rather  than  ny  its  toxic  dns<-. 

In  the  so-called  apcbUctie  form;  i.e.,  when  ver>-  large  doses  arc  taken,  the  pa' 
may  fnl]  unconscious,  oiten  with  a  Inud  cry,  within  ten  •teconds,'  and  die  within  t« 
five  minuter,  after  some  conNnjhions.  Ordinarily,  the  course  is  rather  more  prolon, 
several  minutes  may  elapse  after  taking  the  jKji:ion  before  any  effect  i'*  noticed;  d< 
occurs  betiveen  fifteen  minutes  to  an  hour. 

The  iymphmr  consist  in  vertigo,  mental  dimness,  headache,  palpitation;  then  co 
dyspnea,  which  may  become  very  violent  from  stimulation  of  the  respiratory  o 
the  patient  then  becomes  totally  unconscious  and  shows  ver>'  violent  convul 
DurinR  this  staRi-  the  heart  may  be  greatly  quickened.     TTie  respiration  becomes 
dithcult  and  then  ceases.     The  heart  at  this  time  is  ver>'  much  weakened,  but  still  ^^^^oo- 
tinucs  to  litwt  for  n  shixt  lime  and  then  stops. 

The  mortality  is  ver)-  high:  95  per  cent.  If  the  patient  survivrs t  m 
hour,  recovery  is  the  rule.  It  is  often  followed  by  persistent  heada^^Krltf, 
tremors,  etc. 

The  pnimpt  diagnosis  of  cyanid  poisoning  is  ver\'  important  in  \^^"»e* 
of  the  treatment.  The  odor  is  quite  characlerislic.  (The  student  she — JuM 
faniilJarizc  himself  with  the  appearance  and  o*lor  of  potassium  cyar^^t'^* 
The  very  rapid  onsei  of  the  symptoms  is  also  characteristic. 

At  the  autopsy,  the  mJor  is  also  noticeable  on  opening  the  body.  There  ag-  ~^ J* 
peculiar  lesions,  except  with  potassium  cyanid,  which  acts  as  an  alkaUne  caustic.  TV 

WutJtf  is  ycncrallv  lifjuid.  and  remains  so  after  removal  from  the  body  (by  intcife^^W*' 

with  the  (ibrin  ferment),     lis  color  is  stated  to  be  very  dark — but  this  is  oot  tl "*/* 

all  cases:  it  may  be  of  a  very  bright  arterial  color.  Bright  red  ttchymnAic  spot^f™  '""^ 
to  cyan -hemoglobin,  occur  during  putrefaction.  The  final  proof  of  cyanid  poJ>-  ^^ 
rests  on  chemic  tesl^.  The  poison  dii»appears  within  two  week^  during  putrrfa"^:^'"*' 
but  remains  for  a  I'mg  lime  if  ihe  latter  is  prevented  and  if  there  is  no  e%'apnratL~  *"'i 

Chronic  Poisoning.— The  repeated  administration  of  sublethal  doses  of  c^-anids-  ''•* 
to  chronic  cachcvia.  without  altcrinR  the  sustcptibility  to  the  poison  (Schlegd.  '^^!^'' 
Peripheral  neurili.s  has  been  leporCeU  (Collins  and  Marlland,  1908). 

■  This  if  the  fHorieit  iim«  r^one«l — ■  fact  whjrh  ntay  be  of  tomp  mrdiro-lfsal  iiB| 
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Treatment  of  Cyanid  Poisoning. — This  must  be  ver>'  prompt.    It  con- 
sl3  in  lavage  with  clitmioal  antidotes,  and  in  symptomatic  stimulation. 
ie  chcmic  antidotes  are  oxidizing  agents  (H3O2;  potassium  permanga- 
nate, '■^  to  }.-2  per  cent.);  "arsenic  antidote;''  or  sodium  thiosulphate 
("H\"po"),    1   per  cent.     These  form   harmless  molecular  compounds, 
rnfortunately,  the  absorption  of  the  jwison  is  so  rapid  tbat  the  antidotes 
tare  often  ineffective. 

Chemic  Antidotes. — HtOtUonly  effective  if  the  stomach  u  empty.  It  forms  ox&mid: 
(aHCN  +  H^,  -  (CO)i(>*H,),.  Alkaline  ferrif as  sidphaie  lorms  icnocytLtitd.  It  was 
advocated  by  Smilh,  1M84,  and  is  indorspd  by  Sandwick,  1906.  It  h  convrnienUy 
prepared  by  addioR  FeSO«  to  the  otEcial  "arsenic  antidote."  Cobaltous  nitrate  (0,5 
per  cent.)  forms  ci>ballO'Cyimiil;  and  itiiosulphutc  forms  i^ulphocyanld.  Thiosulphate 
nas  given  especially  good  results  x«  a  prophylatic,  and  in  nitril  paisoninK  in  animals 
CMcurice,  1900},  but  is  of  litllc  value  in  developed  cyunitl  poisoning  (Itcvmans  and 
Masoin,  iftQ?).  It  may  be  injected  intravenously  {0.5  to  i  per  cent.,  a<{dcd  to  0.6 
per  cent.  NaCl)  or  bypodermically  (3  per  cent.),  using  roo  to  300  c.c. 

It  bas  alio  been  augftested  to  b1e«d  die  pattern  profusely,  replacing  the  blixxj  by  >aline 
lutioo. 

The  symptomatir  Ireatmnit  coasists  essentially  in  supporting  the  respira- 
)n.     Brisk  artiBcial  respiration  should  be  begun  at  once  and  maintained 
long  as  the  heart  beats.     This  acts  mainly  by  aiding  the  elimination  of 
the  poison  tlirough  the  lungs.     Count erirri la tlun,  and  general  stimulants 

fiffein  and  atropinl  may  also  be  used. 
Therapeutic  Uses. — There  seems  to  be  no  rational  basis  for  the  thcra- 
ulic  use  of  the  cyanids.  They  are  sometimes  used  as  flavors. 
The  local  anodyne  aftion  is  used  against  iUbing  oj  the  skin  and  pruri- 
tus, against  cough,  and  against  vomiting.  If  given  internally,  it  must  be 
in  small  doses  frequently  repeated,  on  account  of  the  rapid  decomposition. 
Hydrocyanic  acid  has  also  been  given  for  other  purposes,  especially  in 
phthisis.  The  powerful  rc^iratory  stimulation  has  been  used  experi- 
mentally against  chloroform  accidents  (Backus),  but  it  would  be  a  dan* 
gerous  remedy. 

Fumiga.tion  with  HCN  is  used  for  the  ileMruction  of  iusrcix  and  larger  vermin. 
Rather  high  concentrations  are  required  (McClintocIc,  Hamilton  and  Ix>we,  iQit), 
~  fatal  accidents  are  fre<|iienl. 


PRE  P  AR  ATIONS — C  Y.ANIDS 

'Acidum  Uydrocym.  Dil.,  U.S.P.,    B. P.— About  2   per  cent,  of  HCX.     Colorleta 
tiqutd.  with  <^HJor  of  tutter  ulmuiid^.     Incompatible  witti  metals.      Dote,  0.1  c.c,  t}^ 
Dunimi.  U.S.P.;  0.1  j  too.^cc.,  j  to  s  minims,  B.P.;  maximum  dose,  0.3  c.c,  5  minims. 
On  standing,  it  loses  strength   rapidly,    decomposing  toto  ammonium  formate, 
t,  cyanic  acid,  and  a  brown  precipitate  of  paracyanogen  (L.  A.  Hrown,  igio).     The 
DTOposiUoQ  is  retarded  by  acid,  alcohol,  and  acetanilid  (Coblentz  and  .May.  1908). 
*p0l.  Cyan.,  A'C.V. — Occurs  usually  as  white,  opaque  masses,  witJi  cyanid  odor. 
•*.  5  fng-.  'j  J  gf-     Commcn:ial  samples  are  often  very  impure. 
Soda  Lya»ui»m  (Sod.  Cyanid.),  U.S. P.;  NaCN. — White,  opaque  {Mcccs,  or  granular 
nter;  deliquescent  in  the  air  and  exhaling  the  odor  of  hydrocyanic  add.     Freely 
ibic  Id  cold  water. 

Anyfialil  Afiiara.  B.P. ;  Bitter  Almnnrl — The  ripe^cLHl  of  pTunti&.Vmygdalusamnra. 
pUUns  amygdalin.  fixcil  and  volatile  oil,  etc. 

Af'  Amyga.  Amar  ,  U.S. P. — Hiltcr  Almund  Wntrr  contains  a  mere  trace  of  hydto- 
iymnlc  odd  and  diScrf  from  the  preparation  of  the  !«amc  name,  rccommeadcd  by  the 
^usids  Conference  of  190^,  which  ci>nlain<>  0.1  per  cent,  of  hydrucyanic  add.     Doir, 
uc,  I  dram,  U.S.P.;  maximum  dose.  4  cc,  t  dram. 

Ot.  Amytd.  Amar.,  O'.S.P— The  distilled  od.     Yields  not  less  than  85  per  cent,  of 
azaldehyd,  and  not  le-^s  than  3  per  cent,  nor  more  than  4  per  cent,  of  hydrocyanic 
Dose,  0.03  c.c,  ^-i  minim,  U.S.P. 
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5^.  Amygd.  Amar.,  L'.5.P. — i  p«r  cenL  of  oil.    Dose,  0.5  cc,  8  nunims,  17.5.?. 

Renzaidmydum,    CS-C.    C«mCOH.^An    aldehyd    produced    b>TiihcticaUy   of 
obuineil  from  natural  oil  of  bitter  aLmnnil.     A  colorless  or  yHlowiah,  sttonicly  tclractivc 
liquid ;  bitter-almond -likr  odor;  burning  .iromattc  ta^tt.     Slightly  mI-  in  water.  mUabl^ 
with  ale,  cth.,  and  tixt-d  and  vohitilo  oils.     Doif,  0.03  c.c,  l-j  minim,  U.S. P. 

tjxuTMcnni  Folut.  B.P. — The  fresh  K-aves  of  Pmnui  Lauroccrosus  (Cherr>-Laur«l>- 

.'1^.  Lauroccr.,  B.P. — 0.1  per  cent,  of  HCN.     Dosr,  3  to  8  ex.,  '2  to  3  drams.  B.I* 

Prunux  Virginlatia,  U-S.?.;  PruH.  Virgin.  Cort.,  B.P.  (Wild  Cherry  Barkt.— Tt».-« 
■tern-bark  of  Prunu.s  scroUca.  Contains  taaoin.  amygdalin,  and  bitter  glucotic^ 
Dos^r.  1  Gm.,  50  gr.,  U.S. P. 

'Syr.  Prun.  Virg.,  U.S.P.,  B.P.  (Sj-rup  of  Wild  Cherr>-).— 15  per  cent-  Dote.  - 
c-c,  I  dram,  U.S.P.;  2  to  4  c.c,  l-j  to  i  dram.  B.P.;  mainly  aa  flavor  for  cough  mixlu 

Tr.  Prun.  Virgin.,  B.P. — ao  per  cent.     Dose,  z  to  4  ex.,  J^  to  i  dram,  B.P. 


PHYSICAL  FACTORS  OF  SALT  ACTIONS 

General  Statemeat. — The  drugs  so  far  studied  produce  their  actioi 
mainly  by  entcrinjf  into  c/tctnk  combination  with  the  protoplasm.  Sin 
these  chemic  changes  are  distinct  for  each  drug,  the  eRecLs  are  also  di 
tinctive,  differing  in  kind  as  well  as  in  degree.  Besides  the  propertii 
which  are  ordinarily  designated  as  chemical,  substances  in  solution 
suspension  also  possess  certain  physical  properties,  depending  on  the 
molecular  state,  and  inde[>cndent  of  their  chemic  composition.  The 
properties  are  iM)ssessed  both  by  the  drugs  and  by  the  cells. 

Molecules  in  solution  have  qualitatively  and  quantitatively  identi 
effects  on  the  boiling  and   frcexing-point,  osmosis,  etc.,   the  so-caUc' 
"colligative  properties."     By  influencing  the  osmotic  exchanges  and 
surface  tension,  these  alter  mainly  the  water  and  salt  content  and  intern 
pressure  of  the  cells.     This  produces  changes  in  cumposition  and  the 
fore  in  function,  even  when  the  substance  itself  does  not  enter  into  the  cell 
These  effects  are  produced  by  all  substances  which  form  true  solutio 
(the  "crystalloids").    Since  the  results  are  proportional   to  the  mol 
cular  concentration  (the  number  of  molecules  dissolved  in  the  unit  volum 
of  the  solvent),  their  importance  varies  with  the  quantity  of  the  dru, 
that  can  be  introduced  without  producing  serious  chemic  changes.     The 
physical  actions  are  therefore  physiologically  insignificant  for  those 
stances  which  cause  pronounced  chemic  effects.    They  are  practicaU^ 
important  mainly  for  the  neutral  salts  of  alkalies,  and  are  therefore  co 
monly  called  "salt  actions."     F-ven  these  salts,  however,  or  rather  th 
constituent  ions,  produce  in  addition  specijic  effect-s,  due  partly  to  iheK 
electric  charges,  partly  to  their  specific  chemic  properties.     These  spe 
fie  effects  may  be  called  "  ion  actions^     It  must  also  be  remembered  t 
the  cells  are  normally  bath>L-d  in  a  saline  solution;  the  salt  and  ion  effect 
are  therefore  due  to  a  disturbance  in  the  normal  environment  of  the  eel 
to  the  relative  <)iminution  of  the  normal  constituents,  as  well  as  to 
increase  of  the  added  constituent. 

The  "colloids*"  of  llie  cells  likewise  play  a  highly  important  part  i 
these  salt  actions.     Cotluid  solutions,  such  as  those  of  the  proteins,  difi 
in  important  particulars  from  the  true  solutions,  smh  as  those  of  ihc 
although  there  is  a  gradual  transition.     In  true  solutions,  the  mol<. 
of  the  solute  are  dispersed  through  the  solvent,  and  bclmve  very  much 
do  gases.    In  colloid  solutions,  the  solute  occurs  in  smaller  or  large 
groups  or  "  aggregates  "  of  molecules;  and  according  to  their  si«  lhe>' 

•  An  inUretttnit  <!iK:uMion  of  "Colloid  Reaction!  in  Blolotfy**  ii  jpvco  (a   ibe   H*rr«r 
of  Hf^lia.  |{)I4. 
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ich  more  or  less  in  their  properties  to  mere  suspensions  of  solids  or 
luids.  They  therefore  lack  (practically)  the  rolligative  qualities  of  the 
le  solutions.  On  the  other  hand,  the  suspensions  exhibit  the  electric 
and  surface  phenomena  of  particles.  Becau'ie  of  the  relatively  high 
state  of  subdi%'ision.  the  "surface  phenomena"— surface  tension,  ad- 
sorption, catalytic  properties,  etc. — are  very  conspicuous,  and  play  a 
highly  important  part  in  the  functionation  of  protoplasm.  The  con- 
sistency of  the  protoplasm,  fluid  or  gelatinous,  and  the  quantity  of 
water  imbibed,  also  depend  on  the  colloids.  These  properties  are 
greatly  influenced  by  the  physical,  electrical  and  chemical  conditions  of  the 
medium  in  whicli  the  colloid  is  suspended.  It  is  in  this  interaction  of 
the  saline  medium  with  the  protein  and  lipoid  colloids  that  the  salt  actions 
feonsist. 

I  COLLOIDAL  SOLUnOWS 

r  ReUboo  of  CoUokls  and  CrTstalloids.— (irahAm,  i86t,  divided  soluble  substances 
iDlo  crystalloids  aod  colloids,  accordiae  to  whvlhvr  they  diffuse  through  parchment  and 
similar  membranes.  Thu  criterion  iit  oy  no  means  a  shnrp  one,  and  has  been  supple- 
mented by  others  as  knowledge  has  increased;  but  the  division  is  important  and  has  been 
retJUD«d-  The  ternw  "colloid"  and  "crystiilloid"  do  not  refer  to  any  particular  sub- 
stance or  class  of  substances,  but  to  the  physiaiJ  state  vrbicb  may  be  assumed  by  any 
substance  in  a  solution  under  suilitbk-  cumiilion^. 

As  the  size  of  the  agRreRatcs  of  molecules  \yhich  constitute  the  colloid  state  varies, 
the  traiisitioQ  between  the  ptiysical  properties  of  the  two  kinds  of  solutions  is  not  abrupt 
but  gradual.  Solutions  cuntainin;;  discrete  molecules  (j.^.,  true  BoluliQn<>  of  crj'stalloitu) 
approach  the  colloid  state  c<ip<xially  when  the  solution  is  concentrated  and  the  mole- 
cules are  Urf;e;  while  colloid  solutions  approach  true  solutions  when  they  are  dilute  and 
the  a^cgates  arc  small.  It  must  also  be  remembered  that  there  is  no  material  differ- 
eoce  m  the  purely  chemical  properties  of  the  two  kinds  of  solutions.  These  will  be  es- 
MntioUy  the  same  for  a  given  suhstancc,  whether  it  be  in  the  colloid  or  crj-stalloid  state. 
■  Size  of  Particles. — This  determines  the  character  of  the  solution.  If  the  particles 
fce  larger  than  0.1/1  (i.c  ,  visible  with  the  ordinary  microscope),  the  mixture  is  a  suspen- 
Don  (if  the  particles  arc  solid),  or  an  emulsion  (if  licjuid).  These  mixtures  are  separated 
Ddore  or  le^^  rapidly  by  Kravtty.  When  the  diameter  falls  hclow  0.1^  sedimentation 
Iocs  not  occur,  and  the  solution  assumes  colloid  characters.  This  holds  down  to  o.ooi^, 
l,e,  somewhat  below  the  limits  of  the  ullramicroscope  (0.004(1).  Bdow  this  limit, 
Etvc  cbaractets  are  those  of  a  true  solution.  It  is  believed  that  molecules  are  but  little 
Unaller  than  this  limit  (sugar,  0.0007^;  N'aCI,  000037^). 

I  Properties  of  Colloids. — Each  aggregate  behaves  like  a  single  molecule, 
n  that  the  molecular  concentration  of  colloid  solutions  is  relatively  low. 
ToUoids  therefore  have  iillle  influence  on  the  osmotic  pressure,  or  boiling- 
»r  freezing-point.  One  of  the  most  distinctive  properties  of  colloid  solu- 
ioos  is  their  turbidity,  which  may  be  perceived  directly,  or  only  by  the 
Tyndall  phenomenon  (viz.,  a  beam  of  light  becomes  xisible  when  passed 
hrough  a  colloid  solution).  The  colloids  do  not  dialyze  through  parch- 
•nt  or  similar  membranes.  [>i£usion  through  the  solvent  is  also  very 
>sv  or  practically  absent. 
The  electric  properties  are  characteristic:  Colloids  are  usually  elec- 
illy  charged,  the  quantity  and  sign  of  the  charge  being  variable  at 
U.  This  is  ver\'  different  from  ions,  whose  charge  is  fixed  in  character 
!hd  quantity.  The  important  surface  adiatis  will  Ix'  discussed  later. 
The  colloids  easily  undergo  further  aggregation  to  larper  particles,  /.r, 
if^tdalion.  Colloid  solutions  arf  often  permanently  changed  by  lem- 
rary  physical  conditions,  such  as  boiling,  freezing  or  keeping  {hysteresis). 
Suspension  and  Emulsion  Colloids. — Colloid  solutions  again  fall  into 
ro  classes;  the  suspension  colloids,  in  which  the  particles  behave  as 
Is;  and  the  emulsion  colloids,  in  which  they  behave  as  fluids.    The 
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difference  is  probably  one  of  affinity  for  the  solvent.  The  emul^on  col- 
loids are  hydrophillc.  i.e.,  they  seem  to  attract  the  solvent  into  the  aggre- 
gates which  arc  thereby  more  or  less  liquefied;  the  suspt-nsion  aggregates 
are  hydrophobic,  i.e.,  thi-y  do  not  lake  up  water,  and  therefore  remain 
discreet  and  solid.  The  t-mulsoids  approach  more  nearly  to  true  solutions, 
and  may  sometimes  consist  of  discreet  but  very  large  molecules.  They 
are  typified  by  gelatin  and  other  soluble  proteins  and  are  therefore  of  a 
special  biologic  importance.  Silicic  acid  also  behaves  a»  an  emuboid. 
The  colloid  metals  and  sulphids,  congo  red,  etc.,  are  suspL-nsoids.  The 
emulsoids  form  viscid  solutions  or  jellies,  lower  the  surface  tension,  and  are 
coagulated  only  by  large  quantities  of  electrolytes.  The  suspertsoids 
are  not  viscid,  have  little  effect  on  surface  tension,  and  are  easily  precipi- 
tated by  traces  of  electrolytes. 

Permanence  of  Suspensions. —It  is  a  familiar  phenomenon  {J.i-,  in  th«  cue  o(  oil 
or  mercury)  that  small  jiarriLli-s  ^uspc-ndcd  In  a  liquid  tend  to  coa1r«ce  by  «uKacr  attrsc- 
tion,  lo  form  larKcr  particles.  The  molecular  itarticlcs  in  colloid  iolution*  poucss  the 
same  tcndciity,  a_s  h  i^hown  by  the  readiness  with  which  Ihcy  may  tie  precipitated. 
They  arc  only  kept  apart  by  their  mulccular  motion,  and  by  their  electric  charjiei.  The 
more  the  mulion  is  increased  (r.j.,  by  incrrafing  Ike  auantUy  of  jjVwh/.  or  t>y  raisimr  Ike 
temperature  within  the  limit.^  which  do  not  produre  cnemic  changes)  the  greater  wiU  be 
the  tendency  of  the  agiire^atc?  to  fly  apart,  and  to  form  smaller  asicregalcs.  It  b  quite 
conceivable  that  this  moiion  and  iie|>aration  are  really  flrrlrk  fkencmtna.  We  know 
that  ihc  colloid  particles  msv  be  charged  with  electridly.  either  positive  or  negative- 
Since  all  the  particle*  in  a  sofulinn  are  charged  with  electricity  of  the  "ijime  sign  (let  us 
say  with  negative  electricity,  bidcc  thi«  iw  the  case  with  most  proloplaun).  they  rrpd 
each  other,  just  as  ilo  the  gold  leaves  of  an  eWtroscope.  Any  increase  of  the  cKarxe 
(negative  in  our  example)  increaj.cs  this  repulsion,  and  consequently  diminishes  the  six* 
of  the  agKfexates  and  the  vi<4;idity  uf  the  Milutiun.  If,  vm  the  olhei  hand,  a  Mnall 
amount  ai  electricity  of  the  oppfi'^itp  sign  (positive)  ifv  introduced,  <«me  tA  the  rhargn 
carried  by  the  portfclcf)  are  neutralixed  and  they  tend  to  coalesce.  If  thit  Cpositivr} 
electnclly  is  increased  beyond  the  point  when  all  Ihc  orij;inal  (negative)  charges  are 
neutiatixcd,  the  particles  will  become  charged  with  positive  electricity,  and  apUa  fly 
apart.  These  modifications  may  be  produced  by  the  passage  of  an  electric  cunvnl: 
an/l  also,  by  the  electric  charges  of  tlie  ions  {see  next  chapter)  of  elect  roljies.  The 
latter  (salts,  acids,  and  bases)  may  therefore  influence  the  state  of  aggregation  of  col- 
loids by  vrithdrawing  water  and  by  allerinR  the  electric  charges.  There  is  yet  another 
way  in  which  the  state  of  aggregation  may  be  varied,  viz.,  by  ckrmu  •■telifn.  This 
introduces  at  once  profound  changes  in  the  state  of  aggregation,  and  in  the  elecitic 
condition. 

Ail  the^ie  changes  which  we  have  just  described  for  colloid  solutions  maybe  observed 
in  livtHg  cells:  Withdrawal  of  water,  lowering  of  temperatnrc,  decrease  of  the  electric 
charge,  and  certain  chcmic  changes,  render  the  nroloplasm  mi>rc  vLscid,  opaque,  tuti 
granular,  and  diminish  its  motiUty.  .V  reversal  ol  these  conditions  leads  to  tne  oppoait* 
cflccls. 

Preckiitation  of  Suspension  Colloids  by  Blectnd^es. — Siitce  suspcosoids  have  no 
aflinity  far  the  M^lvcnt,  ihcy  are  very  rcndily  precipitated  when  their  electric  chvges 
are  removed.  This  occurs  most  easily  when  their  electric  charge  is  already  small. 
I.e.,  when  they  approach  the  "isoelectric  point."  Minute  traces  of  electrolytes  are  that 
sufficient.  The  nrccipitation  of  positively  charged  colloids  depends  mainly  on  the 
anions,  that  of  ine  negative  on  the  cathions  [Hardy's  Lawi;  the  other  ions  playing 
uracticalty  no  part.  Tlie  precipitant  power  uf  the  ions  is  a  function  <if  their  valence 
{Schulze.  1S82  and  1SS4I.  finer  this  determines  their  electric  activity.  However  itms 
of  the  Mime  valence  are  not  equnlly  active.  Commonly  there  are  also  d>ctiiic  dhaofc^ 
so  that  the  precipitation  i«  genrr.\lly  irrevejsihlc, 

Pr«cij»tation  of  Hydrophilic  Colloids  by  Electrolytes. — These,  like  the  supaueidl. 


are  precipitated  only  by  electrolytes,  not  by  non-dectrolyxed  cr>-sIalloids  (tltc  pCe- 
dpitalioD  of  proteins  by  alcohol  is  due  simply  to  ins*.tlubihty).  T^  process,  bcnrem, 
is  pr<dKibIy  cjuile  different.  With  the  emulsolds,  much  higher  concentratioDs  of  the 
salts  are  reouircd;  the  precipitation  is  generally  revct^ible;  the  electrolytes  may  alMihan 
solvent  actions,  the  end  re^u1l  being  the  algebraic  &um  of  the  actions  of  the  catUoo  tod 
anion  (I'auli.  1Q05  and  190S). 
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Lyotropic  Series. — The  various  ioDs  form  a  regular  scries  ("lyotropic 
series"),  which  is  reproduced  in  nianv  different  phenomena.  The  anion 
series  runs  SCN,  I  <  CIO,  <  NO,.  Br  <  Cl<  CH.-  COO  <  SO*,  PO4  < 
tartrate  <  citrate. 

With  (negative)  proteins,  lecithin,  etc.,  the  left  side  of  this  series  is 
solvent,  the  right  side  precipitant.  They  have  a  similar  influence  on 
beai-coagulation  temperature;  on  the  solubility  of  globulins;  on  the  solu- 
bility of  gases,  alcohols,  etc.;  on  the  viscidity  and  surface  tension  01  water; 
on  the  saponification  of  ester:^.  etc.  It  has  been  suggested  that  all  these 
phenomena  can  be  explained  by  the  progressive  affinity  of  these  salts  for 
Iter,  thus  cumpeting,  e.g.,  with  the  cmulsi<m  colloids. 

The  alidli  calhioni  an  much  k'ss  important.  Their  series  nin«  rather  irregutarl}'; 
|;ei)eraU>'  Mg<\Hi<  K<Na<Li  (I.i  brinji;  most  pnjtipitAiit}.  Tf  ilic  cWtric  charge 
of  the  colloiil  is  reversed, /->'■,  by  acid»,  then  the  anion  and  cathion  scries  arc  also 
rcveTMd.  • 

The  tttrtiiy  melaii  (Ca,  etc.)  form  irreversible  precipitates.  They  aha  reverse  tb« 
«:harKc  and  ihereforc  the  effects  of  the  union  scnt-s  (Mg  ads  like  the  alkali  metals). 
The  tendency  to  irreversible  prectpiiatinn  h  very  much  ;;reater  with  tiutailk  salts. 

Etrcirk  Candilifin  pf  Proteins. — The  uminn-acid  character  of  proteins  renders  thera 
.Ainrtholenc  electrolytes,  in  which  the  acid  rhai-acter  preduminate<>.  They  are  generally 
pocitively  charged  in  acid  ^lution>.  negatively  in  alkaline.  If  they  are  brought  to 
9he  iMieleitric  imjihI  (H-ii>n  concetitralioii  almut  2  X  lo*^)  all  loagulatiun  reactions 
veach  their  maximum,  and  the  vi&cidity  I:s  lowe&t  (Pault,  1Q13). 

The  colloids  of  the  living  cyluplasm  arc  predominantly  cliitnf-ncgativc;  hemoglobin 
i.A  positive.  Serum  proteins  are  alway^i  positively  cha.rgcd  in  alkaline  and  neutral, 
.^u  wdl  a$  in  ncid  ^tilinn^  ^Ficld  and  Tcague,  iqo;). 

Prolein-ioM  Compounds. — It  must  nr>i  be  forgotten  that  proteins  arc  also  capable  of 
«3rdinary-  chcmic  reaction;*  and  combinations.  They  may  form  complex  salts,  not  only 
-%n-ith  acids  and  alkalicA,  hut  aUo  with  neutral  miIih;  f.i..  with  chlond  ionf  fOryng  and 
X*auli.  1915) 

Sdutual  Precipitation  of  CoUoids. ^Colloids  of  opposite  electric  charge  precipitate 
^ach  other  by  neutralization.  I-'mulM>id6  may  aUo  be  prccipicated  by  augpen&oidfl, 
5  BTcspective  of  the  chafge.  perhaps  by  an  adsorption  process.  On  the  other  hand,  excess 
<r*f  the  hydrophilic  colloid  prevents  precipitation,  and  protect*,  suspcnsoids  aga]Q!it 
precipitation  by  other  substances.  It  is  conceivable,  in  Incsc  caM:s.  tnal  the  cmulsoid 
envelops  ihc  «us]»cns<>i(l  jtarlicles,  and  thus  confers  on  them  hydrophilic  properties. 
,-\n  important  illustration  of  this  phenomenon  is  the  inhibitorj"  action  of  serum  on  the 
Y^^rccipitalion  of  urates,  calcium  saHs,  etr.  Colloitis  aUo  morliiy  the  solubility  of  elcc- 
t»-ulvir»  (I'auti  and  Samoc.  loooV 

felectrolytes  on  Osmotic  Pressure  of  ColloidB.— Acids  and  alkalies  incrrase  the 
^a-smoiic  prcMure.  salts  generaliv  cause  a  decrease,  while  non-c)eclrolvtes  arc  indifferent 
C  R.  S.  LiUie.  1907) 

Gels. — Solutions  of  hydrophilic  colloiils,  when  very  viscid,  form  jellies 
<:>»■  "gels,"  such  as  gelatin,  agar  or  protoplasm.  The  high  viscidity  means 
*^lnal  there  is  but  liltic  solvent  between  ihc  particles;  either  because  the 
S^k'srticles  are  naturally  large,  or  have  swollen  by  taking  up  the  solvent; 
^>r  because  the  amount  of  solvent  is  relatively  small.  Gels  may  arise  in 
^l.»iy  of  these  way?;. 

The  gd  resembles  a  solid  in  prcftcrvins  its  form,  when  it  is  not  subjected  to  external 
~Ti:rnrir-  Bill  it  also  resemble*  fluids  in  being  readily  changed  by  external  causes,  and 
ir^  pcmiilting  the  [xnetration  of  ^^-atcr.  and  the  diffusion  of  cryflalloidi^.  The  latter 
f>«?-nelratc  it  almost  as  rapidly  us  they  nuulil  tvater.  Chemical  reactions  may  occur  in 
»  t«.  interior  verj-  much  as  they  would  in  water.  Other  cf^loids.  however,  can  not  diffuse 
t-hmofh  a  gel. 

Tn  fact,  gels  retain  all  the  characters  of  hydrophilic  coltoid.%  and  arc 

VTiiluenccd  in  the  same  way  by  salts:  as  seen,  /./.,  in  imbibition. 

Imbibitioa. — Plates  of  gelatin   (glue)  or  other  hydrophilic  colloids, 
w^>ieo  laid  in  water  or  watery  solutions,  imbibe  a  certain  quantity  of  water 
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and  dissolved  substance,  and  thus  swell    The  water  Is  attracted  and  xt* 
laincd  with  considerable  iorce,  according  to  the  affinity  of  the  emulsca^ 
for  water.    This  mechanism  is  imporiaai  in  the  regulation  of  the  Ouw 
content  of  the  cells  and  tissues.    The  coUoid  must  compete  for  the  wa-^^* 
with   the  other  dissolved  substances.     'l"he  imbibition  is  therefore      ^^" 
fluenced  by  the  anion  series,  in  the  usual  order;  iodid  to  chlorid  incrcasi  *^B' 
acetate  to  sulphate  decreasing  the  imbibition  (Hofmeister,  1891).    'jTb* 
cathions  have  relatively  little  effect.    OH  and  still  more  H  ions  gnm^  "t^y 
increase  imbibition  (Spiro,  1904;  Ostwald,  1905). 

The  iwtllitig  of  gelatin  is  also  influenced  bv  non-clectrolytes,  being  decrcucd        ^^ 
sugars  and  glycerin,  utid  incrca^M  by  alcohol  and  especiiUly  urea  (Paul!  and  Rona,  ig 
la  mixtures,  the  swcilini;  corresponds  10  ihc  simple  alffcbraic  sum  uf  the  ctlrcls  o( 
constituents.     Entirely  analugaus  results  are  produced  on  the  coaeulability  of  ^1 
solutions;  this  being  tcicrcascd  by  the  substances  which  lessen  sw^Ung,  and  mV/ 
(Pauli,  1907). 

In  agar  jellies,  the  phenomena  arc  exactly  reversed.     According 
Ehrenbcrg,  191,^,  the  lyotropic  series  is  reversed  for  gelatin  when  the 
centration  of  the  salts  is  low  (S<o.$). 

Distributi<m  of  Salts  in  Imbibition.— T^e  gelatin  also  takes  up  Ihe  solutes, 
meister   found  that  the  quantity  taken  up  increases  w-ith  the  concrairaiion  of 
solution,  to  a  certain  limit,  which  is  rcach'i-d  lale  with  Ibc  iodid  end  of  the  teries.  a 
eariy  H-iih  the  sulphiiie  group.     This  influence*;  the  imbibition,  for  enoueh  water  tn 
then  be  taken  up  to  render  the  salt  isotonic;  and  this  would  bcKrcatcr  for  the  larec  qu 
tily  of  iodid  than  for  the  smalt  quantity  of  ^ulpb&te  which  the  gelatin  has  imbibetK  — 

Surface  Phenomena. — Surfaces— the  planes  of  separation  of  two  phi 
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— give  rise  to  very  important  phenomena,  such  a.s  surface  tension  m~ 
adsorption.    These  are  especially  prominent  in  colloids  and  therefore 
protoplasm,  the  particles  of  which  give  rise  to  very  extensive  suria 
(A.  B.  Macallum,  1912  and  1913). 

Surface  Tension.^This  is  manifested  in  the  tendency  of  liquids 
assume  a  spherical  form,  so  as  to  present  the  smallest  possible  surfa 
It  may  be  explained  by  the  mutual  aiiraction  of  the  molecules  (estima- 
at  10,000  to  25,000  atmospheres).    The  molecules  in  the  interior  of  "^ 
6uid  are  attracted  equally  by  the  molecules  on  all  sides;  but  ai  thesurf-_ 
the  attraction  of  the  molecules  from  within  is  not  balanced  by  any  mc::^^** 
cules  outward.     Consequently,  the  surface  molecules  arc  subjected  K^^-  °  * 
strong  pull  from  the  interior,  constituting  the  surface  tension  (Segi^c^-**'' 
175O. 

The  degree  of  this  force  depends  on  the  nature  of  the  fluid,  on 
temperature,  and  on  electric  forces:  Heat  and  electric  charges  dec 
the  surface   tension,  because  they   increase   the  distance  between  ^  j 

molecules  and  therefore  diminish  the  molecular  attraction  ('by  the  fouv-  ^^ 
power  of  the  distance).     Surface  tension  may  also  be  resisted  by  the  i- 
traction  of  the  second  phase  (the  air,  glass,  etc.)  on  the  surface  molccu 
of  the  liquid.     Surface  tension  may  be  measured  by  the  rise  of  cap::^ 
lary  surfaces,  or-by  the  number  of  drops  delivered  from  a  given  surfi 
(stalagmomcter). 

Biologic  Importance  of  Surface  Tension. — This  is  concerned  in  the  sha^*- 
and  size  of  the  cells;  in  the  consumption  or  liberation  of  cncrg>*  (for  a-^ 
change  in  surface  tension  implies  a  corresponding  change  in  encrg>');  a-^ 
in  the  distribution  of  solutes.    Only  the  last  need  be  considered  here.  .. 

Soluies  on  Surface  Tension. — Dissolved  substances  generally  mod:  *~^' 
the  molecular  attraction  and  therefore  the  surface  tenaon.    Ib  wa 
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utions,    inorganic   substances   generally    increase,   organic   generally 

minish  the  surface  tension;  but  there  is  no  simple  general  law,  and  the 

ect  is  not  simply  proportional  to  the  concentration. 
Distribution  of  Soluies  on  Surfaces, —?)o\\iic's  which  alter  surface  tension 
are  not  distributed  equally  through  the  fluid,  but  in  such  a  way  that  sub- 
stances which  lower  surface  tension  are  more  concentrated,  on  tlic  surface 
(po^tive  adsorption)  and  vice  versa:  i.e.,  (he  solute  goes  to  the  point  where 
the  tension  is  lowered.  This  is  explained  by  the  Gibbs  (iSySj-Thomp- 
son  (18S6)  principle  (the  concentration  throughout  a  fluid  system  tends 
to  be  so  adjusted  as  to  reduce  the  energy-  at  ever>'  point  to  the  minimum). 
Distribution  of  Salts  in  Cells.— \\^en ever  the  surface  tension  is  re- 
duced, the  solutes  will  i>e  concentrated  at  the  surface,  irrespective  of  their 
di&tribulion  under  ordinary  conditions.  Accordingly,  the  distribulion 
and  transjiorlation  of  substances  in  cells  may  be  controlled  by  changes 
in  their  surface  tension.  Macallum  has  shown  this  to  be  true  for  K  and  CI, 
and  probably  for  other  ions;  and  has  pointed  out  the  important  part  which 
this  may  play  in  the  mechanism  of  secretion  and  absorption;  ameboid 

d  muscular  movements;  ner\'e  impulse,  narcosis,  etc. 
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Solutioii-Affinit; ;  *'Haft-druck." — The  surface  condensation  is  proportional  to  the 
lowering  of  surface  tension.  .\  substance  that  lowers  Nurface  tension  therefore  pA^4e» 
more  readily  out  of  the  solution  and  into  the  surface.  In  the  phrascolog)*  of  Traube, 
Hicb  a  substance  has  a  low  ^lUiliun -ifiinity  or  "Hnft-druck."  lie  believes  thai  this 
bvors  the  penetration  of  the  substance  into  cells  or  through  membranes,  and  thai  it  is 

c5Scn!ial  factor  in  narco^  and  osmosis. 

Adsorption. — The  concentration  of  solutes  on  surfaces  is  illustrated  by 
adsori)tion  of  dissolved  substances  by  powders;/.!.,  by  the  decoloriza- 
lon  of  potassium  permanganate  by  httering  through  sand;  the  adsorption 
af  colors  or  alkaloids  by  charcoal,  etc.  This  adsorption  is  a  very  rapid 
:css. 

Sugars  are  not  ad>orbed  because  they  have  reTativdy  little  effect  on  Surface  leo^oo. 
e»e  adwrptions  are  reversible,  i.<r.,thcarl.sDrbe>l  substance  may  be  removed  by  the 

lition  of  another  solute  which  lowers  surface  tension  more  powerfully.     It  several 

HitMtaocr^  are  preMnt  together,  each  is  ad».orbed  \vi*.  than  if  it  i&  ad&orbed  alone. 
Salts  may  have  a  marked  influence,/.!.,  diphtheria  toxin  in  pure  solution  is  scarcely 
adsorbed  by  bone-black,  but  is  perfectly  adsorbed  from  normal  saline  or  Rinfter's 
tolution  (Jacqu^  and  Zunz,  190^). 

K    Catalytic  Actioiu. — ^Ad-sorpiion,  by  bringing  the  dissolved  molecules  into  closer 

KfiiAct,  facilitates  chemic  rcaclionir.     Accordingly,  suspcni^iun  colloids  with  their  large 

Bffaces  geneiallv  art  as  catalyzers.     The  application  of  ailsorplion  to  ferment  action 

Kill  I  iiHUi  1I  by  Hayti-is,  1915,  in  his  paper  on  "Vhasc  Uoundanes." 

"     Membraoe  Formation. — It  the  adsorbed  subslance  increases  viscidity,  its  concen- 

tfaliun  on  the  »unacc  may  produce  resistant  membrane^,  such  a^t  occur  in  the  shaking  af 

proteinii.  supijtiiiis,  soaps,  many  dyes,  etc.     The  adsur pium  of  coUttids  also  presents  sonte 

ftther  peculiaritie*.;/.f,,il  is  generally  irre\'ersible;cr>'8talloids  do  not  displace  each  other; 

aad  the  adsorption  is  not  proportional  to  the  concentration,  as  it  ts  whh  cryslalloids. 

Salts  may  have  a  marked  influence,/,!.,  diphthrria  toxin  in  pure  solulittn  is  scarcely 

adwrbed  by  bone-black,  but  is  perfectly  adsorbed   from  normal  saline  or  Ringer's 

lutioD  (Jicque  and  Zunz,  loog). 

Tbe  Riysical  Status  of  Emulsions. — Emulsionft   consist    of'hnc  and  permanent 

udons  of  one  liquid  in  another;  immiscible  liquid;/.!-  oil  in  water,  or  Nice  versa. 

T  tension  tends  to  make  iminiscible  liquids  separate.     This  tendency  may  be 

Mcome  by  lowering  the  surface  tension  of  the  dii^persing  medium  (as  by  saponin  or  soap) 

by  increasing  its  viscosity,  and  by  adstirhln^  the  w.iter  by  hvdrophilic  colloids  (as 

'  gums  or  proteins).     Emitlst&cation  by  colloids,  is  destroyed  ii  an  excess  of  water  is 

Idcd.  or  if  the  al&iuty  of  tlic  colloid  for  salts  is  diminished.     (Fischer  and  Hooker, 

>i6;  Room,  1016). 

water-soluble  alkali  soaps  secure  tlic  suspension  of  liprads  in  water,    whilst 
luble  calcium  Miapft  change  the  phases  so  as  to  suspend  the  water  in  the  oil. 
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W  ith  the  alkaU-soaps,  droplets  c(  oil  are  suspended  in  b  contiDuous  matrix  of  water. 
\nth  ciilciuni  soups,  droptcU  nf  watrraresunncndcd  in  a  nialrixaf  cnl.     The  Addition  of 
MvrLium  or  calcium  ions  therefore  chanfies  ttie  phase  of  an  cmubdon.     It  abo  thrrcb 
infiucDCcs  die  permeability;  the  effects  uf  clwrtrolyles  on  tlir  pcrtticabilily  nf  H>ap-61 
heins  simUar  lo  their  effects  an  the  permeability  odiWng  cells  (Oowo,  1914  to  1016) 

M(>«t  protopla<>m  conlains  cmuUions.     P'ischcr  looks  upon  fatty  dcKcneratioo 
■liK-  Inr}{<rly  to  the  breaking  up  uf  cbcM-  emulsions  by  diminished  water-aiSnity  of 
cell  colloias. 

OSMOSIS 

Osmotic  Phenomena  of  Crystalloids. — These  belong  10  the  more  im 
portant  elTects  of  the  bio -chemically  inactive  salts  and  other  crystalloii 
and  of  water.     They  occur  whenever  two  solutions  of  different  (molectilai    _^l"-) 
concentration  are  separated  by  a  {^'semipermeable*')  membrane  that  pei 
mits  the  passaee  of  the  solvent,  but  which  interposes  an  obstacle  to 
free  diffusion  of  the  solute.     Dissolved  molecules  always  tend  to  distribul 
themselves  equally  [hroughout  a  solvent.     If  their  passage  is  hiodert 
by  a  membrane,  the  equality  can  only  be  obtained  by  the  passage  of  tt 
solvent  from  the  more  dilute  to  the  more  concentrated  solution.     T' 
more  concentrated  solution  therefore  tends  to  increase  in  volume. 
this  increase  is  prevented  {e.g.,  if  the  solution  is  inclosed  by  rigid  wall 


u  certain  ''osmotic  pressure"  is  devt-loped.     The  phenomenon  is  illustrat 
by  the  familiar  ''egg'*  experiment;  by  the  swelling  of  red  blood  and  oth_ 
cells  in  water;  and  conversely,  by  the  shrinking  of  plant  cclls^  and  c 
tion  of  red  corpuscles  in  strong  salt  solutions. 

Egg  Experiment — 'Hie  shell  is  removed  from  the  broad  pole  of  aa  en,  but  wi 

brc^iking  i)k'  inner  "skin."     The  narrow  pole  is  Ibcn  pierced  throu^  the  frkin  wi 
nccdiir,  ami  uvirr  this  holp  a  long  narrow  f;la»s  tube  is  cemented  with  sealing  wax.     W 
the  preparc<l  rgg  i*  set  in  a  gla*s  of  water,  the  fluid  rises  slowly  in  the  lube  to  a 
sidcrabic  hciciit.     The  contents  of  the  egg  contain  salts,  and  therefore  haxt  a  bic. 
molecular  concentration  than  the  water.    The  "aldn"  of  the  ^g  acts  as  a  partly  sc 
permeable  luembmne. 


Osmotic  Pressure  and  Molecular  Concentration. — li  the  membr 

is  "strictly  semipermeable" — I'.r.,  freely  permeable  to  the  solvent,  ftr^ut 
absolutely  impermeable  to  the  solute — then  the  amount  of  the  osmotic 
pressure  is  strictly  proportional  to  the  difference  in  the  molecular  concrtrn- 
tralion  of  the  two  liquids,  independent  of  the  nature  {)f  the  moleiial«^. 
The  stronger  solution  is  said  to  be  hypertonic,  the  weaker  hypotonic.  Jj 

the  solutions  on  llie  two  sides  are  equimolecular,  i.e..  Iiave  the  same  mol^^ou- 
lar  concentration,  there  will  be  no  tendency  to  movement  of  the  soK-eni 
and  therefore  no  pressure;  or  mure  accurately,  no  difference  in  the  pFes&urt. 
The  two  solutions  will  be  isotonic. 

Strictly   and   Partly   Semipermeable   Membranes.— Only  colloiA, 
organic  or  inorganic,  can  form  .scmi[)ernieable  membranes  (Morse;  McijPV 
1915).     The  envelope  or  boundary  layer  of  all  ceils — and  indeed    the 
interior  cytoplasm  (Kite,  1913) — offers  more  or  less  obstacle  to  the  passa^ 
of  solutes,  and  is  therefore  more  or  less  semipermeable.     Membraoo 
produced  artificially  by  precipitating  ftrrocyanid  of  copper  in  the  port* 
of  an  unglazed  porcelain  cup  arc  almost  ideally  semipermeable  to  siwaJ" 
(Traube,  1867).    They  arc,  however,  permeable  to  NaCl  and  KCl.    The 
envelopes  of  certain  vegetable  and  animal  cells, /.i.,  the  red  blood  cor- 
puscles, also  approach  fairly  closely  to  the  definition.     Mi»st  ccIU.  Iiof- 
ever,  and  dialyzinR  membranes  in  general,  are  not  absolutely  inipcrcnfal''* 
to  the  solutes,  but  offer  only  a  partial  obstacle  {"partly  semipermfiH' 
membrattts'i;  so  that  the  solutes  pass  the  membranes,  but  more  slowH 
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than  does  the  solvent.  In  this  case,  the  conceniraiion  is  equalized  partly 
by  the  passage  of  the  solute,  and  to  a  correspondingly  smaller  degree  by  the 
passage  of  the  solvent;  sn  that  the  osmotic  pressure  is  correspondingly  less 
than  with  strictly  semipermeable  membranes. 

Differences  in  Permeability  of  Solutes.— Semipermeable  membranes 
are  not  usually  equally  impermeable  to  all  solutes,  but  pernut  some  to 
pass  rapidly,  others  more  slowly.  This  will  establish  differences  in  osmotic 
pressure,  becatise  the  dialyzable  substance  will  pass  across  lo  the  non- 
dialyzable.  Non-dialyxable  solutes  are  therefore  hypertonic  lo  those 
which  are  easily  dialyzablc.  It  is  important  to  note  that  the  passage  of 
the  fluid  and  the  osmotic  pressurt-  arc  governed  not  only  by  the  molecular 
concentration,  but  also  by  the  permeability  of  the  membrane  to  different 
substances. 

En4>iric  Laws  of  Osmosis. — For  convenience,  the  data  which  have  been 
discussed  in  the  preceding  paragraphs  may  be  summed  up  in  the  form  of 

Elaws: 
I.  Solutions  separated  hy  a  membrane  permeable  to  water  tend  to 
have  an  identical  molecular  composition,  both  in  number  and  kind  of 
molecules. 
3.  If  the  membrane  is  perft-cily  permeable  lo  both  solvent  and  dis- 
solved substance,   the  exchange  of  molecules  will   take  place  without 
change  in  pressure  or  volume. 
3.  If  the  membrane  is  less  permeable  to  the  dissolved  su1}stance  than 
to  the  solvent,  an  increase  of  liquid,  or  increast-  of  pressure  will  occur  in  the 
siroDger  solution. 

4.  If  a  membrane  is  differently  permt*able  lo  one  dissolved  substance 
ihan  to  another,  cquimolccular  solutions  of  the  less  diffusible  substance 
■wU  be  hyperisotonic  to  the  more  diffusible. 

Nature  of  Osmosis. — Several  theories  are  current  for  the  explanation 
<jf  osmotic  pressure.     The  most  im^xirtant  are  the  kinetic  motion  theory 
<jf  Van't  Hoff;  the  solution-affinity  theory  of  Kalilenbcrg;  the  hydration 
theory  of  Morse;  and  the  surface- icn-nion  theory  of  Traube.     None  of 
<.hesc  theories  is  conclusively  proven  to  tlie  exclusion  of  the  others.     It 
is  conceivable  that  all  these  processes  are  concerned  in  the  passage  of  the 
-Solution;  but  that  the  actual  pressure  is  caused  by  the  motion  of  the  mole- 
^iruJes,  as  formulated  by  Van't  HolT. 
1^       Van't  HoS*s  Theory  of  Osmotic  Pressure. — This  is  the  theory  which 
^^feas  found  the  widest  acceptance  among  physicists.     I'rom  the  observa- 
pKions  of  osmotic  pressure  by  means  of  Fieffer's  ft-rrocyanid  of  copper  cell, 
"Van't  Hoff  (18S5  and  1887)  arrived  at  the  conclusion  thai  (he  phenomena 
caf  osmotic  pressure  are  governed  by  the  same  laws  as  the  pressure  of  gases, 
cjuantitatively  as  well  as  qualitatively.    This  would   imply,  that   the 
I:»ressurc  in  both  cast:s  is  produced  by  the  same  cause,  namely,  the  kinetic 
■lotion  of  the  moli-cules  bombarding  the  walls  of   the  container.     Dis- 
solved  molecules  would  buhave  precisely  like  gaseous  molecules.     The 
rnembrane  would  play  a  purely  passive  part;  being  important  only  by 
rnaking  the  kinetic  motion  manifest  to  the  senses. 

According  to  the  Van't  HofT  thcnr>-,  the  mo!ecul»  of  both  Eolvcnl  and  solute  are 
ooiut&nt  motioo,  moving  with  the  same  cticrsy  as  if  thrv  were  in  the  form  of  a  ga&. 
r  molecule,  hy  fttrikinx  a^aJn^t  the  walls  o7  the  co.ilaincr.  or  against  other  mole- 
exerts  a  certain  pressure,  which  i-t  precisely  the  name  whether  the  substance  is  in 
form  of  a  gas  or  of  a  solution.     If  tnt-  ^uimc  numbtrr  of  malecules  per  cubic  space 
cdat  ia  two  suutiona  BCparatcd  by  a  semipermeable  membrane,  the  pressure  will  be 
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equal  on  each  side  of  the  tnembranc.  The  nature  of  the  molecules  is  immaterial  in  lU^»^ 
as  long  as  they  alt  penetrate  through  the  membrane  with  equal  rcadiaesft.  If  all  tW— -« 
roulecules  can  past  thr<)ii]i;h  (he  membrane,  an  exchange  will  take  place;  but  »ncr  ^^»* 
many  pas?  to  one  side  oa  to  the  other,  thtre  will  be  no  difference  in  the  preSAure  in  lt_^c 
two  compartments.  If,  on  the  other  hand,  the  molecules  on  the  one  side  can  p»— "=* 
thrt>u^h  n-adily,  while  some  of  the  molecules  on  t)ic  other  aide  nre  not  cartalile  of  diffuBiVj^l 
through  the  membrane,  then  the  pressure  in  the  tvo  compartments  wilt  oecomeunequ^^*'- 

In  an  osmotic  cell,  the  non-Hiffiisible  molecules  will  all  rebound  iro  '^^ 
the  membnme,  and  so  remain  rontined  to  their  own  side.  The  diffusib^  ^^ 
molecules  will,  like  gases,  tend  to  pass  through,  irrespective  of  the  otto- ^^r 
molecules,  until  they  exist  in  equal  concentration  on  each  side,  i.e,,  aO  "^^^ 
Ihc  partial  pressure  of  each  kind  of  molecule  is  the  same  on  both  sides. 

It  a  solution  consisting  of  x  molecules  of  salt  and  (y  —  x)  molecules  of  water    (^ 
cubic  centimeter  were  inclosed  in  a  closed  vessel  and  separated  from  «-atcr  contain^ 
y  molecules  per  cubic  centimeter  by  a  semipermeable  membrane,  then  water  would  |-^* 
into  tbe  solution  until  it  also  contained  y  molecules  of  water  per  cubic  centime-t^' 
But  it  would  then  at-io  ct>ntain  x  molecules  of  iall.     its  total  molecular  cooceotrat-  »•        .. 
per  cubic  centimeter  would  therefore  he  y  +  4;;  higher  by  x  than  that  of  tbe  liq|  •-^^^i 
out»de  of  the  ve»eL     Ihe  pressure  in  the  vessel  would  tberdore  be  incrcawd  tr: 
molecules. 

The  process  might  be  represented  as  follows: 

Partial  Molecular  concentration:  y  HiO\x  salt  y  H^-x 


IS 


Total  Molecular  concentration: 


\y_-xiW 


\y 


tends  to  become- 


br 


This  excess  of  total  molecular  concentration  constitutes  the   otrnt^ 
prrssure. 

An  experiment  analogous  to  osmosis  can  be  performed  on  gases  directly.     PalUdi 
is  pcrmeaolc  for  H  but  not  for  N.     Ramsay.  1S94,  found  that  when  a  palloilium  \ 
is  filled  with  N,  closed,  and  immersed  in  an  atmosphere  of  If.  the  pressure  rises  wit 
the  vessel  until  it  exceeds  the  outside  pressure  by  the  partial  pre&surc  of  tbe  U. 
ever,  this  cxperioient  could  also  be  explained  by  the  other  theories, 

Applicatioa  of  Gas  Laws  to  Osmotic  Pressun. — N'an't  HofI  claimed  as  chief  supi 
of  his  tlie<jry.  that  the  o^*molic  nre^iurc  obeys  quantitatively  the  laws  of  ga»  presi 
As  applied  to  osmotic  pressure,  inc^c  would  rt-ail:  /lityU-Miiriatlt's  Ldu;'  With  con* 
temuerature,  the  osmotic  prrssure  of  a  solution  is  proportional  to  its  cnncentral 
Unoer  standard  conditions  a  gram-molecule  distributed  over  a  hler  of  space,  ei 
22.34  atmospheres  of  pressure. 

Giiy-Lus.uu\s  Litv:  With  equal  concentration,  the  osmotic  pressure  grows 
Hts  tor  each  degree  C. 

^Mnblro's  I^it:  With  equal  osmotic  pressure  and  equal  temperature,  equal  voId^^k  -i"*^ 
of  solutions  contain  the  same  number  of^diuolved  molecules,  and  the  same  numbe^K^^j^^^_ 
wmild  be  lontaineil  in  an  equal  volume  of  gas  of  ihr  >amc  trmperalun-  and  nrcsetl— ^_^j^ 

Experimental  Evidence. — The  etperimental  conlirmaiion  of  these  laws  is  '"'•^i^^i^Bj 
lunately    very   Incorupletc    fKahlenberg),    bocftuse   of    the   dilTicuUy   of   construct. 
strictly  semipermeable  membranes  which  will  resist  the  high  prcasures.     Tbe  ex| 
menls  which  form  the  original  basis  of  the  Von't  Hoff  lheor>*  were  very  iruiccuf 
Since  then,  only  a  few  rigorous  determinations  of  absolute  osmotic  pressure  have  ^'^^^  -t^^ 
attempted  ^especially  by  Morse,  Holland  and  co-workers,  1911  and    1913).     Tb*-*       ^ 
showed  a  goocl  agreement  with  the  thcor>';  but  they  were  confined  to  a  single  t>*]  ^"^^ 

membrane  (ferrocyanid  of  copper)  and  io  a.  Mngte  substance  (cane  sugar),  wit 
limited  range  of  concentration  and  temperature.  Outsiide  of  then:  limits,  there  - 
considerable  discrepjuicies.  The  numerous  determinations  of  relative  <Kmotic  pnasoL.^''^ 
which  can  be  easily  made,  are  inconclusive;  for  while  they  agree  with  this  thcc^^^|^'^' 
they  also  harmonise  with  the  competing  theories.  On  the  other  hand,  K alileflbi.'^  "Vj 
using  different,  but  t\"pically  scnupermcablc  membranes,  finds  that  the  e»s  lawt  "^Jf^ 
not  hold  at  all;  and  iHat  the  phenomena  can  be  explained  quite  simply  on  an  enlii  ^^"W 
different  b.Tsi«.     The  evidence  for  the  Van't  Hoff  theor\*  is  therefore  Incomplete. 

Advantages  of  the  Van't  Hoff  Tbeocy.— This  ia  very  attractive  in  that  it  reduce?  -^^.' 
the  physical  phenomena  of  )ias4n  and  solutions  to  a  common  ba^is,  and  thereby  ptia-—  ^L 
coovduuit  and  lar>rcaching  theoretical  and  practical  deductions.    For  instance, 
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po6tuUlinj{  that  osmotic  prt-5&ure  is  directly  proportionaJ  to  thr  molecular  concentration. 
It  justities  the  subs  tit  uliun  of  an  cmy  calculation  for  the  very  dij&cult  experimental 
dtterminatinn  of  the  pri-s^ure.  Since  il  nssumcs  that  tht  mvmbrane  is  pumy  passive, 
it  permits  the  calculation  of  osmotic  prei^sure  in  situations  which  are  inacccssihlr  to 
direct  experimentation.  In  a  word,  if  it  is  correct,  it  makes  the  dif&cult  method  o( 
direct  experimentation  more  or  less  superfluous,  substituting  for  it  an  easily  applied 
formula.  This  would  he  highly  convenient  and  desirable — but  btfore  relying  on  such 
detluclions.  the  correctness  of  the  formula  must  be  more  securely  established. 

Kahlenberg's  Theoiy. — This  has  the  advantage  that  it  furnishes  the 
simplest  explanation  of  the  nature  of  osmotic  pressure;  and  that  it  is  in 
the  best  accord  with  these  phenomena  as  exhibited  in  living  structures. 
The  theory  refers  osmosis  to  solution-affinity,  and  may  be  best  understood 
from  an  experiment  made  by  L'llermite  in  1854.. 

li'Hermite's  Experiinent — A  layer  of  chloroform  is  poured  into  a  vessel,  then  a  layer 
of  water,  and  finally  a  layer  of  etlier.  Even  if  any  mechanical  mixing  of  the  strata  is 
carefully  avoided,  it  will  be  found  that  the  ether  layer  gradually  diminishe:^.  until  linally 
there  arc  only  two  layers,  the  upper  containing  mainly  the  water,  ihc  lower  the  chloro- 
form and  the  ether.  In  other  words,  the  cthcc  has  passed  through  the  water  into 
the  chloroform,  just  as  water  pusses  through  a  i^emiijcrmcable  membrane  into  a  salt 
solution.  The  analoji^-  can  be  carried  even  further:  If  a  cork  saturated  with  water  is 
firmly  wedged  between  the  elhcr  and  chloroform  layers  and  the  chloroform  compart- 
ment is  connected  with  a  manometer,  a  very  considerable  pressure  will  he  developed. 
Analogous  experiments  have  been  devised  by  Ncrnst,  1890  (passage  of  ether  into  benzol, 
through  pig's  bladder),  and  by  Gies,  191^  (passage  of  ether  into  oil,  through  rubber 
condom). 

It  is  difHcult  to  5ee  in  what  eMential  respect  thef*  arrangements  differ  from  an 
osmotic  cell.  In  both  caac^  two  dissimilar  lluids  arc  separated  by  a  scptuTD.  Ic  both 
cases,  one-  of  the  fluids  passes  into  the  other;  and  if  this  is  prevented,  a  pressure  is  pro- 
duced. In  L'flcrmite's  experiment  we  can  easily  see  the  explanation :  Ether  is  soluble 
in  water,  and  ihertforediffuses  into  the  tatter;  it  is.  however,  much  mure  soluble  in  chloro- 
form, and  therefore  ihc  clhcr  which  is  dissolved  in  the  aqueous  layer  tends  to  pass  into  the 
chloroform.  The  watery  layer  therefore  would  lose  some  of  its  ether  to  the  chloroform, 
and  would  then  take  up  more  from  the  ethereal  laver;  and  this  process  would  continue 
i;nlil.'practicaUyall  the  ether  had  parsed  into  the  cKluroform.  In  other  words,  the  pas- 
sage oi  the  ether,  and  the  pressure  which  may  thus  be  developed,  is  not  due  to  any  gas 
pres&ure,  but  simply  to  the  fact  that  ether  has  a  solution-afunily  for  water,  and  hence 
iwsses  into  the  latter;  and  that  it  has  a  still  greater  solution-afTmity  for  chloroform  and 
nencc  parses  into  this  from  the  water.  If  wr  substitute  the  hypothetical  "semiper- 
meable" membrane  for  the  water,  we  may  sav  that  "osmotic  pressure"  measures  not 
the  gas  pressure,  but  the  soluiion-aflinity  of  the  solvent  for  the  solute,  less  the  affinity 
(or  llic  membrane. 

There  h  one  further  complication;  for,  since  the  chloroform  is  also  somewhat  soluble 
in  water,  there  Ls  also  some  stream  in  the  contrarj*  direction.  This  is  equivalent  to 
sa\'in£  that  the  arrangement  is  not  stricily  semipermeable.  For  our  present  purpose 
this  may  be  neglected,  except  in  »o  far  as  it  empnasixes  the  fact  Chat  osmotic  changes 
generally  (if  not  always)  do  occur  in  l>oth  directions.  This  is.  of  considerable  Importance 
■D  biolog>-. 

It  is  another  imp(»rlant  advantage  of  the  theory  that  it  emphasizes  that  the  mem- 
brajie  plays  an  active  part  as  well  as  the  solute.  Its  greatest  advantage,  however,  is 
the  simple  explannlion  which  il  give;,  of  the  nature  of  the  osmotic  prc>ce»s,  namely  as  a 
phenomenon  of  chemical  or  solution  atrmity.  Osmotic  pressure  will  result  if  the  solute 
IS  relatively  iivsoluble  in  the  mcmbnmc,  i.e.,  if  it  has  a  greater  aCinity  for  the  solvent 
than  for  the  membrane.  In  the  case  of  two  solutions  the  transfer  of  tluid  will  occur  in 
the  direction  of  the  solution  which  has  the  greater  uf^nity;  and  osmotic  pressure  is 
simply  the  hydrostatic  prcwure  which  is  required  to  prevent  this  attraction  of  fluid. 

The  theory  supposes  that  the  solution-aflinity  increa-ses  with  the  molecular  con- 
centration; and  since  it  is  a  fact  that  equimolar  solutions  of  all  substances  arc  i^^tonic 
— at  least  with  strictly  »emi[M.-rnu'nb!r  membrnneTi  and  aqueous  solutions — it  follows 
llut  the  solution -affinity  must  depend  solely  upon  the  molecular  concentration;^*:., 
it  must  be  independent  of  the  nature  of  the  dissolved  substances.  This  agrees  entirely 
with  the  known  effect  of  molecular  roncentration  on  the  treexing-  and  boiling-points. 
The  affinity  i&  also  raised  by  temperature. 
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Relation  of  Van't  Hoflf  and  Kahlenberg  Theories.— In  brief  then,  the 
main  facU  of  osmosis  arc  explainable  by  cither  theory.  The  principal 
difference  in  their  practical  application  lies  in  ihe  fact  that  Van'l  Hoff's 
theory  gives  a  de5nite  formula  for  calculating  the  osmotic  pressure  from 
the  molecular  concentration;  while  Kahlenbcrg's  theory*  does  not  attempt 
an  exact,  quantitative  formula.  Presumably,  however,  even  this  dif- 
ference is  not  of  very  fundamental  practical  importance;  for  the  absolute 
osmotic  pressure  may  well  be  that  of  the  gas  formula,  whether  it  is  pro- 
duced by  kinetic  motion  or  by  solution-affinity;  indeed,  as  has  been 
intimated,  the  pressure  proper  may  be  due  to  kinetic  motion  in  cither  case. 

It  wiU  be  recalled  that  Van't  Hoff'»  theory  postulates  a  very  dc&iiitc  qumntitadvc 
value  for  the  mmotic  pressure,  nnmely  n-n  almmnhervft  for  a  molccuW  solution. 
AccordlDg  to  Kahlenlxrg's  theor)',  thb  value  is  mucc  lcs&  dcfmilc.  If  a  membnju 
were  strictly  semipermeable,  tbe  a^luCion-uAinity  should  un(loublr<lly  give  riM:,cvca- 
tuatly,  to  a  constant  and  definite  osmotic  pressure.  This  would  quite  hkcly  be  sooie- 
ihiriK  like  that  of  Van't  Hoff.  In  nracliirc,  however,  and  especially  in  biology,  tlds 
value  is  never  attained.  Livinj:  memorancs  arc  not  strictly  semipermeable,  so  that  there 
is  more  or  li-ss  passage  of  solute  out  of  the  solution,  thereby  reducing  the  concent ratioQ. 
Further,  the  passace  of  fluid  becomes  slower  and  slower  as  the  concentrations  OQ  tbe 
two  sides  of  tne  membrane  approach  equality;  the  (ull  pressure  would  therefore  never 
be  realized  in  any  time  which  would  come  into  practical  consideration 

Morse's  Hydration  Theory.^Morsc  attributes  the  passage  of  the  water 
to  unequal  hydration  of  the  colloids  on  the  two  sides  of  the  membrane. 
The  solutes  dehydrate  the  side  of  the  membrane  in  contact  with  them; 
and  this  is  equalized  by  the  attraction  of  water  from  the  opposite  side. 
The  theory  is  somewhat  related  to  that  of  Kahlenberg's;  but  it  helps  lo 
explain  why  the  rate  of  osmosis  is  not  parallel  to  the  semi  permeability,  Of 
to  the  tinal  osmotic  pressure.  Salts  generally  develop  an  osmotic  pres- 
sure more  rapidly  than  sugar,  even  when  the  final  osmotic  presstire  of  the 
salt  solution  is  lower 

Differences  Between  Rate  of  Osmosis  and  Osmotic  Pressure.— These  are  often  not 
parallel.  For  instance,  the  cuuper  ferrocyantd  is  impermeable  to  sucrose,  and  fatrlv 
permeable  to  salt.  A  sugar  solution  will  therefore  Ik-  eveniually  hypertonic  to  a  ult 
BotutioD.  In  the  start,  hourevcr,  i.e.,  before  tbe  salt  molecules  have  had  time  to  diffuse 
through  the  membrane,  water  passes  from  the  sugar  into  the  salt;  il  is  only  a»  diffusloa 
proceeds  that  the  process  is  reversed  as  would  be  expected.  Other  membranes  show 
^milar  phennmcna  (Meigs,  igi<;).  Indee<l.  acids  actually  diminish  in  vulunte  when 
diffused  throu;j;h  a  pii;'s  bladder  ajiainst  water  (tiraham). 

Morse  cxpLiin-i  thr^c  observations  by  the  fact  that  neutral  eledralytc^  dch>'dtat« 
colloids  more  readily  than  non- electrolytes.  Tbe  "negative  osmosis"  of  adds  is  due  10 
their  hv(iratin|(  ;u'tion  (r^e  "Imblbilinn").     ,-Mkalie>  are  intermediate. 

Suriace-tension  Theory  d  Osmosis. — J.  Traul>e  (1904  and  later)  refers  oaakotic 
phenomena  to  surface  tension.  He  observed  that  substances  which  lower  surface  let- 
sion,  and  which  therefore  accumulate  at  the  surface  according  to  the  Gibbfr-Theonsoo 

fmnciple,  penetrate  through  membranes  more  rapidly.     Conversely,  salts,  etc  .  whidk 
ncrease  surface  tension,  and  which  therefore  accumulate  in  the  Jnterinr,  would  atti     " 
the  solvent  to  equalize  the  pressure.     Jn  other  words,  the  lluid  of  lower  uirface 
would  be  drawn  mto  that  01  higher  surface  tension.     .Vn  attraction  pressure  wguld  thi 
be  created. 

Surface  tension  may  well  play  a  part  in  osmosis.     F.i.,  .Macallum,  1913.  dnds  ihAC 
ver>-  low  fturfacr  tension  in  a  lilm  may  retain  salts  so  firmly  a^  lo  act  as  a  scmipermea' 
membrane.     However,  it  is  improbable  that  surface  tension  is  an  adequate  eiptanat 
of  the  ordinary  osmotic  phcnnmena.     Thus,  it  does  not  eiplain  why  Mibstamrs  wkW 
oSect  surface  tension  very  unequally,  e.g.,  sugar  and  salt,  are  ncverthelci&  ~ 
It  also  takes  no  account  of  the  dilTeience^  introduced  by  the  nature  of  ibe  IM 
Traube  has  later  modified  his  thcor>'  to  meet  some  of  these  cd>jrction5;  but  this 
introduces  further  complications  and  still  foils  to  explain  all  the  facts. 

Direct  Determination  of  Osmotic  Pressure.— The  absolute  onmol 
pressure  would  be  measured  by  the  rise  of  a  manometer  attached  to 
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osmotic  c^,  i.e.,  a  rigid  vessel  tilled  with  a  solution,  surrounded  by  a  semi- 
permeable membrane,  and  immersed  in  water.  Perfect  osmometers  are 
difficult  to  construct,  and  perhaps  thcorelically  impossible.  However, 
even  imperfect  instruments  give  practically  useful  data  as  to  the  velocity 
and  magnitude  of  osmotic  pressure  and  these  show  at  least  an  approxi- 
mation to  the  gas  laws. 

Magnitude  of  Osmotic  Pressure. — According  to  the  gas  laws,  the  pres- 
sure exerted  by  a  gram-moiecidc  (^ihe  molecular  weight  expressed  in  grams) 
or  "  tnol"  of  any  substance,  when  comrined  to  a  liter  of  space,  equals  22. ,^4 
atmospheres.  In  a  "molecular"  solution  therefore  (one  containing  a  mol 
dissolved  in  a  liter  of  solvent)  the  osmotic  pressure  would  raise  a  column 
of  water  to  a  height  of  about.  725  feel!  The  osmotic  pressure  of  the 
salts  in  the  blood  would  raise  it  about  250  feet.  This  may  suffice  to  indi- 
cate the  enormous  molecular  force  latent  ill  solutions,  even  if  it  may  not 
be  absolutely  correct. 

An  actual  osmotic  pressure  will  only  be  developed  if  the  solution  is 
confined;  if  it  is  free  to  expand,  the  incoming  molecules  will  merely  in- 
crease the  volume  of  the  fluid. 

In  ihh.  way  a  single  mnlecuk  of  a.  nnn-iiiflaftihic  saJt  would  I heoretically  be  capable 
of  altricting  an  inlinite  amounl  of  water  across  a  aemipenDcable  membrane — for  it  U 
evident  that  the  numlxT  of  H;0  molecules  per  cubic  space  would  always  be  less,  by  the 
motccuies  of  sail,  than  they  arc  in  pure  vratec. 

The  rapidity  with  which  water  will  pass  into  the  sail  solution  across 
the  same  impermeable  membrane  will,  ot  course,  depend  upon  the  concen- 
tration of  salt;  I.e.,  the  partial  vacuum  of  H2O  molecules  in  the  solution. 
The  rate  of  osmosis  will  therefore  be  slowed  as  the  process  progresses. 

Determination  of  Relative  Osmotic  Pressure, — This  can  be  easily 
made  by  using  arlilicial  membranes,  or  more  conveniently  animal  or 
v^etablc  cells;  diluting  the  solution  under  investigation  until  its  osmotic 
effects  on  the  cells  are  identical  with  those  of  a  known  solution. 


The  eaHient  Quantit«tive  studies  of  osmosis  (Historical  Review,  Hamburcer,  1911) 

were  made  in  thii  way  by  dc  Vrics.  1883,  by  the  use  ol  certain  plant  cells  (Tnidcsrantiai 

rbich  eihibit  Plasimriytis  (retraction  of  llic  protnplitMu  from  the  Cflhilosc  cnvdope) 

bvpertonic  solutions.     He  was  thus  able  to  determine  the  isotonic  cnncentratioiu 

a  long  series  of  substances.     H.  J.  Hamburger,  1883.  introduced  the  hft>uAyii<  tnethod; 

i.e.,  the  determination  of  iheconcentratioo  which  produces  laking  of  red  blood  corpuscles. 

is  bUu  isotuoic,  provided  that  the  curpusclos  arc  seraipcrmcablc,  i.e..  Inat  the 

jbstajice«  do  not  peni^lratc.    This  may  bt  ascert.iincd  by  direct  chemic  analysis  and 

4ds  practically  for  most  salts  and  suRars,  hut  not  for  urea,  alcohols,  etc.     The  changes 

the  v/riglu  of  tisju£i  afliT  immersinn  tn  the  solulion  may  al^o  be  used  as  an  index; 

>ut  with  these,  partial  semi  permeability  is  much  mnre  common,  and  imbibition  may 

itnc  into  play;  thus,  acconiirijj  to  Ovrrton,  1906,  at'runi  is  iwlonic  with  o-g  per  cent. 

laCI;  but  when  concentrated  four  times,  it  requires  5  per  cent.  NaCI;  and  when  dx 

iixkcs.  10  per  cent. 

Value  of  the  ComparatiTe  Methods. — AW  these  methods  involve  comparison  with  a 
J«rK>wii  solution;  and  if  the  absolute  osmotic  pressure  of  the  latter  were  Known,  and  if 
*Lhe  membrane  were  truly  scminermcable,  then  the  abwlulc  osmotic  pressure  of  the 
Vankoown  ^lution  could  be  easily  calculated.  Tbift,  however,  is  mainly  at  theoretical 
fi^uportance.  for  a&  has  been  repeatedly  said,  strictly  semipermeable  membranes  probably 
cfto  ool  eiust  in  nature.  The  Inte  value  of  these  comparative  rslimiiliuns  lies  rather  in 
VlAs  picture  which  they  furnish  of  the  direction  and  relative  value  of  the  osmotic  prewure 
^«jr  tbe  particular  solution  and  membrane  (or  cell)  with  which  they  arc  made— -often  a 
tter  of  (treat  btoiofricaJ  importance. 


1 


Calculation  of  Molecular  Concentration  and  Osmotic  Pressure^— 
«nce  the  osmotic  pressure  has  a  de&nite  relation  to  the  molecular  concen- 
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tralion,  the  determination  of  the  unc  quantity  permits  the  calculation  of 

the  other. 

I(  a  cell- membrane  were  truly  semipermeable,  then  two  solution*  which  had  the 
same  effect  on  cbe  cell  volume  (or  laktn^)  wuuUI  need  to  have  an  identical  molecular 
conrcntration.  The  concentration  ol  any  uobnown  solution  could  therefore  be  dcter- 
nuncd  by  diluting  or  concentrating  it  until  il  became  isutonic  n-ich  a  standard  soluiioo 
of  known  corceniralioR.  Tht-  scmipermeability  ol  certain  cell*  h  sutBcieaUy  complete 
to  make  this  method  available  for  practical  purposes;  but  it  is  less  exact  and  generally 
less  convttiieut  than  the  calculation  from  tJie  fa-ezing-  or  boiling-point. 

Estimation  of  the  Molecular  Concentration  by  the  Freezing-point — 

The  depression  of  the  freezing-point  (denoted  by  A]  is  easily  determined 
by  the  Beckmann  apparatus.  It  is  strictiy  proportional  to  the  molecular 
concentration;  every  mol  of  substance  per  liter  of  solution  depressing  the 
freezing-point  of  water  by  i.&5''C.  and  this  no  matter  what  the  nature  of  the 
substance  (RaoitJt'x  Law),  except  as  it  is  modified  by  electrolytic  dis- 
fwx'iation.  The  molecular  concentration  is  iherefore  calculated  by  divid- 
ing A  by  1.85;  and  the  osmotic  pressure  by  multiplying  the  molecular 
concentration  by  32.34  atmospheres. 

Molecular  Solutions. —Some  confusion  exists  in  the  use  of  this  term  (abbroHaied 
"  M  ")-  The  corrc-ct  practice  is  to  add  the  calculated  quantity  of  solute  to  a  liter  of  sot- 
vent  (Kaoult).  It  is  inadmissible  to  dissolve  the  mol  in  witter  cnou^b  to  make  a  liter 
(Arrhcniut^'s.  method],  as  ii  commonly  done  in  making  cbcmkal  solutions. 

Molecular  .solutions  are  sometimes  called  "norma!-"  Thi*  U  objeclioQable;  for  ibe 
normai  salulton  of  chemists  differs  from  the  molecular  solution,  in  thai  the  molecular 
wciiiht  is  ilividcd  by  the  valence.  The  normal  soinlwHs  of  pttysutlogiils  are  again  ijuite 
different  from  the  above;  they  are  saline  solutions  of  a  strength  of  0.6  to  0.9  per  ccaL 

Departure  of  Electrolytes  from  Raoult's  Law. — According  10  this  law, 
the  molecular  coitccniralion,  and  therefore  the  freezing-point,  osmotic 
tension,  etc.,  should  be  calculable  by  dividinti?  the  per  cent,  of  the  solu- 
tion by  one-tenth  the  molecular  weight  of  the  dissolved  substance. 
This  is  found  to  hold  true  for  concentrated  solutions  of  all  substances, 
and  for  dilute  solutions  of  ttafp-eleclrolytcs — substances  which  do  not  con- 
duct the  electric  current,  such  as  the  sugars,  urea,  glycerin,  alcohol,  etc 
Dilute  solutions  of  electrolytes — salts,  acids,  or  bases — however,  show  a 
greater  concentration  than  would  be  deduced  from  Raoult's  law. 

A  solution  of  NaCl  containing  0.5^4  sram  of  NaCI  |^<er  liter  (ecjual^.  \\qq  mol)  abouU 
depress  the  freezing-point  by  0.0185  .  tt  is  found,  however,  that  tts  depression  Is  ocamr 
to  o.oj";  nlmosl  twice  as  Kfeal  a*  would  be  cxpcclu-d.  Very  dilute  *olutiotw  of  Xa!S04 
have  three  times  the  calculated  concenirat[on&;  ihttse  of  ItiPO),  four  limes. 

Tile  dissociation  of  salts,  as  re\'L-aied  by  the  Crcczin{:-p<»nt,  bears  a  sinking  relalioa 
to  Che  conductivity  of  s.ilt  snlution<«  for  el[>rlricily.  It  has  brrn  found  that  *<aXt  solutimis 
conduct  electricity  proportionately  better  the  more  they  arc  diluted.  If.  e.i..  a  saJutku 
which  contains  o.  i  mol  lias  a  coefBcteot  of  conductivity  which  we  ivill  coll  **  K,"  a  sohi* 

tion  which  contains  only  o.o[  mol  will  have  a  coefficient  higher  than  —•  ThUiocresse 

is  exactly  proportional  tu  the  increased  molecular  concentration  revealed  by  the  (ircx- 
ing-point.     Tne  two  pheiiomenit  mu^l  therefore  have  ihe  same  cause. 


ELECTROLYTIC  DISSOCIATIOH 


General  Statement.— To  account  for  the  fact  that  electrolytes  depr 
the  freezing-point  more  than  would  agree  with  Raoult's  law,  .\rrhenj( 
1887,  advanced  the  hypothesis  that  a  certain  proportion  of  the  electroI\  i»e" 
molecules,  bv  acquiring  an  electric  charge,  separate  into  their  constituent  ^ 
ions:  NaCl  into  Na  +  and  CI "  ;  (NH.)jSOi  into  NH,  *,  NH*  *  and  SOi  -^ 
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H,PO«  into  H  +  H  +,  H  +  and  PO^  -  :CafOH)s  into  Ca++,  OH  "  and  OH  '. 
The  ■*■  and  ~  signs  denote  the  nature  and  quantity  of  the  electric  charge. 
The  metals  of  salts,  and  hydrogen  of  acids,  carry  a  positive  charge,  and 
therefore  wander  to  the  cathode  and  thus  constitute  the  caihinius.  The 
"acid  radicals"'  of  salts,  and  the  hydroxyl  of  liases,  carry  the  negative 
charge,  go  to  the  positive  pole,  and  are  therefore  the  anions.  The  con- 
duction of  electricity  through  solutions  occurs  by  tlie  conveyance  of  these 
ions. 

It  ift  ftcarcdy  necessary  to  irsUl  ihat  the  ions  ere  not  tAfuiuai  mth  atoifu  (from  which 
they  differ  in  Ihtit  they  carr>*  chsr^i^),  nor  with  the  irtx  cltmcnls  (which  uxltt  as  mole- 
cales).  Inaclilutci^olution  d[  NaCl  there  docs  not  cxL^t  metallic  (Nal  nor  gaseous  cliluria 
(CI),  but  Xa  ions  (\a  '  )  and  CI  inns  {CI  ~),  whose  prrtpertic*  are  .iltogether  diiTerent. 
It  mu»l  also  l>c  remembered  th:Lt  Ibii  iooizatioc  exists  in  only  a.  limited  doss  of  com- 
pounds, vir...  in  all  iicids.  bu'w^^,  and  sall»  {(Uclrolytff),  and  not  in  compounds  which  do 
not  conduct  electricity  {non-ehctrolytcs). 

The  eleirtric  churRCs  arc  furtlicr  important,  siacr  they  may  leave  the  ions  lo  combine 
with  the  tissue  elements,  so  that  the  electrolytes  cause  electric  stimulation  of  the 
protoplasm. 

Degree  of  Ionization.— This  increases  with  the  dilution  of  the  solution 
until  complete  dissociation,  is  attained. 

In  concentrated  solutions,  the  two  fliar^t-*  approach  sufficiently  close  to  neutralize 
each  other,  and  the  two  ions  combine  into  an  ordinary  molccuie,  {.g..  NaCL.  In  dilute 
solutions  they  are  separated  so  far  as  lo  eitert  little  attraction,  and  act  as  independent 
molecules. 

With  Mmilar  ions,  the  dcgrrc  of  dissrwrialion  i^;  fairly  constant  fur  ibe  same  degree  of 
dilution.  In  i  per  cent,  solution  of  Nat'l  (and  in  blood}  about  Si.S  per  cent.  o(  the 
molecules  undergo  this  proci-ss,  and  about  the  same  percentage  in  cqmmolccular  solu- 
tions of  KCI  or  KlIjCl.  DLisimilar  elemenls,  Mich  as  Mg,  Ca,  SO*,  VO,,  etc.,  have  a. 
diflerent  constant.  If  several  salts  are  pn-st-nt  in  a  suluTion — particularly  if  they  have  a 
common  ion  -the  degree  of  dissociation  of  each  suit  will  be  less  than  if  it  were  present 
alone  in  the  same  concentration,  but  grcAtcr  than  if  it  were  present  alone  in  the  concen- 
tration corresponding  to  the  sum  of  the  several  saIIs, 

Effect  on  Freezing-point,  Osmotic  Pressure,  Etc. — Each  of  these 
fractions  (ions)  has  the  physical  prupertiL'S  u£  molecules,  and  thus  causes 
a  corresponding  depression  of  freezing-point  or  increase  of  osmotic  pres- 
sure. These  quantities  would  therefore  be  twice  as  great  if  the  mole- 
cules had  dissociated  completely  into  two  ions  (NaCl);  three  times  as 
great  when  dissociated  completely  into  three  ions  (NaaSOt);  four  times 
fldth  HjPO«,  etc.  With  partiat  dissociation,  intermediate  values  would 
be  obtained. 

The  total  molecular  concentration  of  a  dilute  solution  of  a  single  salt  concsponds 
to  the  number  of  undis»ociated  molt-cuk>s,  plus  the  number  u!  di>^ociated  molectdi^ 
multiplied  by  the  number  of  parts  into  which  they  dividi.-.  For  instance,  if  80  per  cent. 
of  tlie  NaCl  moleirules  in  u  sululiun  are  dissociated,  the  concentration  will  be  i  —  0.8  -1- 
(a8  X  3)  =  1.8  times  the  theoretical;  if  80  per  cent,  of  N'atSO^  is  dissociated,  it  will  be 
I  —  0.8  +  (0.8  X  j)  =  3.6.  (Tables  of  the  dissociation  of  the  various  salts  are  given 
by  .-v.  A.  Noyes  and  Falk;  J.'A,  Ch.  S.,  1910). 

limitation  of  Terms. — To  avoid  confuMon  it  may  be  well  to  confine  the  term  "  mol," 
or  better,  "moiiiyn."  tu  the  molecular  concentration  actually  deduced  from  the  freezing- 
point  (i.e.,  1.8  in  thf  preceding  rxiimpli-  of  NaCI);  and  " ^nim-moleculf"  to  the  cortcen- 
Iration  deduced  from  the  molecular  weight  (i.e.,  i  on  the  example)  without  taking  ac- 
count of  the  dissociation.  Tbc  abbreviation  *'M"  is  always  applied  lu  llic  latter. 
Several  solutions  may  be  related  to  each  other  in  the  following  wa>'5:  FjjuiTnotecttlar 
(same  number  of  gram-molecules);  Eguhsmefic  (same  number  of  molions);  and  [iotonic 
(same  effect  on  a  sivrn  cell).  The  term  isotonic  far^rienl  is  applied  to  the  factor  by 
which  the  moleculiLr  concentration  must  be  multiplied  to  obtain  the  moUonic  conccn- 
tntion.  , 
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Ion  Actions.  —In  addilion  to  the  osmotic  actions  which  have  just  been 
dcscrilwd,  electrolytes  show  effects  which  are  due  to  their  conslilueni 
ions.     These  actions  arc  generally  proportional  to  ihe  degree  of  ionization; 

The  comparatively  firm  mvrcurii:  ulbuminatc  is  much  less  active  than  the  ionited 
mercuric  chlorid;  fcrrocyanids,  in  which  the  iron  does  not  cxUt  a^  an  100,  act  ciuite 
differently  from  ferrous  salts,  and  these  again  differ  (rom  ferric  s^ls.  (.lascous  cliiorin 
docs  not  behave  at  all  like  llie  chlorin  ion  of  N»C1,  etc.  The  rht-mic  l>eliavior  vario 
In  the  same  way  with  the  degree  and  uatc  of  ionization.  The  ions  may  act  by  entertnc 
into  chemic  combinations  with  the  prolyplasm,  prcKJucing  various  conijHmmU,  s>'nthacs, 
and  decompositions,  ami  thereby  lead  10  functional  chanKCft.  They  may  also  alter  the 
permeability  of  the  cell  wall.  Besides  these  chcmJc  actions,  it  appcom  more  than 
probable  that  the  electric  charges  carrietl  by  theiunseiert  actions  which  arelndejiendenl 
of  the  chemic  nature  of  the  ions.  Thcw  latter  actions  may  well  be  termed  '•(■i«w<Mi 
ociwnr."'  whilst  the  sum  of  the  cbemic  and  electric  actions  prnduccd  by  I  lie  itm^may  be 
(froupcd  tOK'^tbcr  a»  "spfcijic  ion  arluyns."  It  is  quite  conceivable  ibaL  the  chcn^ 
actions  are  al^o  in  the  laU  instance  rc-«olvablc  into  electric  mamfcstations.  Rut  tincr 
the  proof  for  this  has  not  yet  been  furnished,  and  since  the  two  davscs  of  actioiu  exhibit 
striking  differences,  it  is  well  to  keep  them  apart,  in  so  far  as  this  Is  practicable. 

Electron  Actions. — By  Uiis  terra  we  understand  those  actions  which  are 
produced  by  the  electric  charges  carried  by  ions.  These  modify  the  elec- 
tric condition  of  the  protoplasmic  colloids,  and  hence  their  aggregation. 
This  leads  to  important  modifications  of  functions. 

Tlie  existence  of  the^e  actions  is  Khown  by  the  fact  thai  allelcctrolytm  produce  crrtaia 
eRects  in  common,  which  arc  nut  produced  by  aun-elccirolyte«.  For  inataocc,  an  cgf- 
albumin  solution  can  nut  be  coaguluted  by  heutiiij^  when  Ibe  electrolytes  have  been 
removed  by  dialysis.  The  congulability  is  restored  by  the  addition  of  elcctrolrtes,  hut 
DOl  by  nonelcctrolytcs  (sugar,  etc.)-  These  cITccts  arc  largely  inde|irndcntof  the  cbemic 
properties  of  the  ions,  but  vary  with  their  electric  properties,  such  as  the  sign  of  Ihetr 
electric  charge  and  the  ca&e  with  which  they  |Mirt  with  thb.  The  etiects  nprer  with 
those  of  po«iiive  and  negarive  electric  stimulation;  anionit  and  cathions  lend  to  pruduoe 
opposite  effects,  the  action  of  an  electrolyte  being  determined  by  (he  predomiDatioc 
ion;  analogous  phenomena  ar<>  exhibited  whrn  r!erlrolyte9  are  added  t4)  solutions  M 
colloids. 

The  Relation  of  the  Toxicity  of  Ions  to  Their  Electric  Propeities.— The  quantitatiTe 

effects  of  ions  on  protoplasm  can  be  estimated  most  esaclly  and  most  conveniently  by 
observing  the  molecular  concentration  in  which  the  solution  will  just  cause  death.  That 
has  been  stuilied  bya  number  of  investigators.  Tt  wa'snoticcl  Ihut  thr  loxifity  tnrreasri 
neiwraUy  xeith  the  atamic'd^ght  Qi  iticxon — Hg,  for  instance,  being  much  more  loiic  thaa 
Na;  but,  on  the  other  hand,  H  was  found  more  loiic  than  the  heavier  N.n.  The  t^xteity 
atso  inf resists  generally  u^tk  Ikt  valeney;  but  here  aluo  (here  are  vrrv  t>iriking  eicrpttaas, 
the  moniivalent  J^  being  more  toxic  than  the  trivalent  .\1.  The  general  rule  b  » 
strilEing,  both  as  to  the  atomic  weight  and  valency,  that  some  connection  could  nol  be 
doubled;  but  it  Is  evidently  nut  a  simple  one.  The  subject  has  been  vcr>-  greatly  eluci- 
dated by  the  extensive  cspcriments  of  A.  P.  Mathews  (1904)  on  fundulus  rgx%,  whirh 
are  peculiarly  adapted  to  these  investigations.  They  showed  a  remarkable  ai^Trerarat 
between  the  toxicity  and  the  solution-tension  of  ions. 

The  solution -tension  signihcs  the  tendency  of  a  mctai  to  po  into  lolutioo.  and  thuA 
toac(|uire  an  electric  charge.  This  may  he  estimated  by  physiical  methods.  7^  greater 
the  solution-tension,  the  greater  \s  the  athnity  of  the  ion  for  its  charpc;  the  bss  a^ 
will  this  ion  be  to  part  with  U't  charge,  and  therefore  theW-  •'-  .-iT..:  t  ..fi  ...il..;.i<  Tbn 
Is  precisely  what  Mathews  found:  tiif  taxUiiy  of  ao  >•••»  :  .  •Wt»»- 

tfHsum;  the  toxicity  of  a  sail  varies  inversely  a»  lis  'V^twrn;  ■      ■  .  «  the 

sum  of  Ihe  solution-tension  of  both  its  Ions.  (Tor  inf;tancr,  11  the  solutiDn-iensioB  d 
the  anion  is  i  and  of  the  calhion  1,  the  decomposition-teniion  of  the  salt  is  3.}  Ttar 
same  law  applies  to  the  inhibitor}-  action  of  electrolytes  on  fcnncnts.  MatMrirs  alw 
found  that  the  toxicity  increases  with  the  quolient:  equivalent  weight  divided  by  olawir 
volume.  When  we  understand  the  electric  condition  of  ions  and  cmltrids  belter,  wc  tkafl 
probably  find  that  there  is  a  common  basis  lu  ihevr  connected  phenomena;  and  aoaar 
apparent  exceptions,  which  still  exist,  will  proKibly  be  explained. 

Other  forms  of  life  do  rial  shru-  (irr<itrly  Ihr  ^nmf  corTeipc'iutrn<e.  Thb  (finCROHaC 
cotild  be  e:^>ected  from  the  complicated  conditions  which  prevail  in  most  cdlSi  bimI  does 
>  Many  aolhorv  ate  the  Una  "loD«ctio(tt"  to  decianate  what  is  bvn  ealbd  cicctaoa  aotioM. 
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DOl  at  an  speak  a^tainat  Mathews'  law.  The  latter  deals  only  with  the  aflinityof  the  ion 
for  iu  charge,  but  the  colloid  is  abu  an  aclivc  Uctor  in  the  reiclioD,  wuk  proh^aim 
showing  a  greater  aflinily  ior  positive  charKi-s,  and  others  for  neKalive  charges.  Tht 
factor  of  peHtirilica  iotroduces  important  complications.  Electron  actions  musl  occur 
even  when  the  ions  do  not  penetrate  into  the  cell,  the  charges  being  trans-f erred  ibrougb 
the  internie<liation  of  the  colloidal  cell  wall.  This  is  indeed  the  most  favorable  condition 
for  the  study  of  electron  actions,  since  it  excludet  the  possibility  of  chcmic  changes. 
It  probably  explains  the  comiiatatively  iimple  rrsulls  obt;iined  with  fundultis  ova,  for 
the  cjcperiracnts  of  O.  H,  Brown  (1905)  hove  demonstrated  their  comparatively  great 
impermeability  to  salts  and  water.  With  mo?.t  cells,  however,  the  possibility  of  strictly 
cktmic  modificalioHt  of  the  protoplasm  by  the  ion&  is  more  or  Icsa  important.  The  action 
of  the  added  ion^  will  1x^  greatly  modified  hy  the  ions  uttich  are  alrnuiy  pttitnl  in  I  he  tissues. 

Again,  a  wluiinn  containing  a  single  eledrnlyte  will  tend  to  withdraw  all  other 
electrolyte*  from  the  cell;  and  the  toxicity  may  in  some  cases  be  due  to  deficiency  of  the 
latter  ions,  rather  than  to  excels  of  the  former  (Osborne.  1905).  Even  non-cleclrolvtes 
may  affect  the  prof>ortion  of  clcclrolytcs.  since  these  diffuse  with  unequal  facility  {f.i., 
Na  ami  K  more  rcidJly  than  Ca  i>r  Mk;  W.  Denis,  igoif»). 

Lfmitatioiis  of  the  Electron  Theory. — The  thcor>'  of  electron  actions  has  fumuhcd 
new  and  fruitful  conceptions,  a  deeper  insight  into  the  reaction:^  uf  protoplasm,  and  new 
indications  of  research.  It  should  be  remembered,  however,  that  it  aoes  not  as  yet 
attempt  to  explain  the  actions  of  nan-electrolytes;  and  that  it  can  not  be  said  to  explain 
fully  all  the  actions  of  electrolvtes.  It  does,  not,  for  instance,  explain  the  qualitative 
difTerence»  in  the  action  of  the  lodids.  bromide,  and  chlorids;  01  calcium,  magneMum,  or 
barium;  ihc  specific  toxicity  of  i>ota".ftium  for  muscle  and  nerve;  nor  the  need  for  th*- 
presence  of  several  ions.  We  must  not  forget  that  protoplasm  has  chemical,  as  well  as 
phyvcul.  propcrlies;  and  that  many,  if  not  all.  ions  are  capable  of  enterins  into  ordinary 
chemical  rc-action  with  the  protoplasm.  The  specific  ion  actions,  as  we  can  observe 
them,  are  therefore  the  result  of  a  cooperation  of  ph>"sical  and  chemical  changes.  In 
the  pre-.cni  Male  of  knowledge,  It  would  he  unremuneralive  to  attempt  to  distinguish 
between  these.  .\  more  practical  conception  of  the  action  of  the  individual  ions  can  still 
be  obtaine<l  by  dewribing  the  phenomena  as  they  are  observed,  without  trying,  as  a  rule, 
to  penetnrte  into  tbdr  meaning. 
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\\  may  now  oe  attempted  to  apply  these  physical  processes  of  salt 

^ictioti  to  the  explanation  of  the  phenomena  of  life.    It  will  be  rcmem- 

fcered  that  the  latter  may  be  influenced  by  the  osmotic,  electric  and  chemic 

jDroperlics  of  the  salts.     The  osmotic  effects  are  independent  of  the  nature 

<Df  the  molecules.    The  electric  effects  depend  solely  on   the  sign   and 

^ransferabilily  of  the  charge.     The  chemic  effects  are  distinctive.     All 

•.hese  effects  are  influenced  by  the  special  permeability  of  the  cell  membrane; 

Idv  the  «olmcs  already  present  in  the  cell  and  in  its  surroundings;  and  by  the 

special  properties  of  the  cell  colloids. 

Osmotic  Actions  on  Cells. — These  are  due  primarily  to  the  changes  in 
*- he  total  water  or  salt  content  of  the  cell.  It  is  ihercfore  necessary  to 
<"Jistinguish  between  hyper-,  byjjo-,  and  isotonic  solutions.  In  effect,  how- 
«rvcr,  the  final  functional  rcsullii  of  diflcrent  conceit  Ira  lions  are  often 
"x^ery  similar. 

Changes  in  the  Composition  <A  the  Cells.— In  a  physical  sen.se,  a  cell 
»Tnay  be  conceived  as  a  solution,  the  protoplasm,  chiefly  of  hydrophilic 
«r<Dlloids  and  largely  dissociated  electrolytes;  inclosed  in  a  membrane  (the 
«=^1  wall)  of  characteristic  permeability;  and  generally  containing  sus- 
^>^a)ded  lipoids  or  solid  granules. 

The  cell  walls  (which  may  be  merely  a  modification  of  the  c>-toplasm) 

e  usually*  easily  permeable  to  water,  impermeable  to  colloids  and  more 

Icis  difficultly  permeable  to  electrolytes  and  other  crystalloids.    In  ibis 

ay  ihey  permit  a  certain  amount  of  exchange  between  the  cell  and  its 
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surroundings  (the  lymph,  etc.)  which  is  necessary  for  metabolism.  At  the 
same  lime,  since  the  permeability  is  limited,  and  varies  for  different  sub- 
stances, it  enables  the  cell  to  preserve  its  own  composition,  which  is  quite 
different  from  that  of  the  lymph.  However,  this  protection  Is  not  perfect, 
especially  if  artificial  changes  are  made. 

The  cell  walls  (and  indeed  also  the  interior  cj'toplasm,  Kite,  1915) 
behave  essentially  like  what  we  have  defined  as  a  "partly  semipermeable" 
membrane  (as  suggested  by  Traube,  1867).  If  tliercfore  the  molecular 
constitution  of  the  medium  surrounding  the  cells  be  in  any  way  changed, 
this  will  effect,  in  the  first  place,  a  change  in  the  total  water  or  salt  cun- 
lenl  of  the  cell.  A  hyperisulonic  solution  will  cause  the  withdrawal  of 
water,  and  a  hypoisotonic  solution  the  withdrawal  of  salts.  If  the  ratio 
of  the  different  salts  in  the  surrounding  medium  is  not  the  same  as  that  in 
the  cell.t,  their  ratio  in  the  latter  will  also  be  allerrd.  Again,  when  f^alts 
are  drawn  out  of  the  cell,  certain  of  its  salts  will  leave  more  quickly  than 
others.  The  changes  will  be  the  greater,  on  the  whole,  the  more  the  com- 
position of  the  surrounding  liquid  departs  from  that  of  the  cell. 

Molectilar  Concentration  of  the  Blood  and  Tissues. — The  total  mole- 
cular concentration  of  the  living  ct-lls  is  not  accuralel\-  known.  It  is 
probably  somewhat  higher  than  that  of  the  body-tluids.  The  plasma, 
lymph,  and  all  olher  bo<ly-fluids  (except  urine  and  gastric  juJcc)  of  all 
mammals,  depress  the  freezing-point  by  about  0.56  ,  corresponding  to 
0.33  mol  per  liter.  Relatively  slight  departures  from  tlib  arc  promptly 
injurious.  Its  maintenance  is  therefore  very  important.  Accordingly, 
the  organism  resists  very  powerfully  any  attempts  to  alter  its  osmotic  con- 
centration. The  lluids  of  lower  animals  have  a  somewhat  dificrcnt  con- 
centration, adapted  to  their  environment. 

Protoplutm. — The  osmotic  procure  of  cells  can  not  be  raeasand  during  life.  Direei 
cryo&cQpy  of  the  orgsins  gives  unreliable  results.  Buchner  juicei^  generally  dcpreu  tbe 
f  rcc£ing-puiiit  somcwhut  more  than  docs  blood,  but  this  might  be  due  tu  chcmic  chanMi. 
The  pnituplosmic  pmsutr  h  nut  solely  osmotic,  but  a]»a  due  to  imbibiucio,  surface 
tension,  and  the  elasticity  o(  the  cell  wall  (Pfcffer,  (897). 

Human  Blood. — The  extn-me  varialions  of  ihe  freezing-point  in  health  are  betveen 
0.40°  and  0.59'*.  The  molecular  conccntmiton  of  the  blood  is  not  altered  by  tbe  quan- 
tity of  fluid  or  salt  in  the  [uo<];  nor  by  hydremia  produced  b^'hemorrhagej nor  by  thtcknt- 
it;g  the  blood  by  profuse  diaphore&i&.  The  intravrnoua  iniectioo  oi  aiusototuc  solutioos 
alter)  it  but  temporarily.  About  the  only  method  of  raising  it  permanently  «:oo>i>lsia 
inlrrfering  with  the  reflating  mechanism,  by  seriously  injuring  the  kidnc>-s;  and  tto 
it  proves  fatal  when  the  A  approaches  o.S^'C  The  importance  uf  cumparalively 
changes  in  Ihe  ctinrciitratidii  is  a)sn  shown  strikingly  by  the  ml  blood  corpi 
Tlicsc  swell  in  h\-poi!U} tonic,  and  .shrink  (crenatc)  in  hypertonic  solutions.  If  Ihe  »erw 
!•«  ililulcd  to  about  A0.J5,  the  lifnuij;W>in  begin*  to  leave  the  corpuscles,  their  itrucf. 
being  dcslro^'ed.  There  is  re.ison  lo  believe  that  the  lamc  hold5>  far  most  other  cells,  tc^^^* 
that  the  ltmit»  between  which  cells  uf  mammals  csa  functionate  at  all,  are  comprii^^i^ 
between  -lo-^s  and  0.6  or  somewhat  higher. 

Osmotic  Equilibrium  of  Lower  Animais.— The  narrow  limits  of  mammals  axe 
stderably  exlendeil  in  thi.-  lower  forms  of  life.  With  marine  animali,  up  to  the 
chians.  tiic  molecular  concentration  of  the  body-Suids  approaches  thai  of  sea  water, 
becomes  indcfxrndenl  only  in  the  Teleosteans.  Dog-fish  arc  intermediate  (Scoti,  ty  *_-^'; 
In  the  marine  animals,  a  concentration  equal  to  that  of  Ihe  serum  o(  raammaU  w^|**^ 
liberate  the  hemoglobin.  In  other  words,  the  resistance  of  cells  i»  somewhat  adaplt--*^^ 
their  normal  envnronmenl.  This  resistance  is  curiously  devrloned  in  the  <>mall  '^^ 
Fundulus,  which  thrive*  equally  well  in  sea  water  and  tn  disuUea  water.  It  ift  dn^F*^ 
this  case,  to  a  high  degree  ii(  impermeability  to  both  water  and  salts,  so  that  owi*^*^ 
pressure  can  not  be  develo|>ed.  »-.»r 

Svetl^'^'cUr  animai!  have  a  considerable  molecular  coocentration  apprrwching  *^m,, 
of  mammals,  the  salts  being  probably  retained  by  chemical  or  phyakal  aftnity  for  *^, 
colloids.    The  molecular  concentration  ol  piotU  juictt  is  alsoconsidenbly  UcbercJ**'^ 
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that  of  water.  Fungi  often  have  a  very  hifih  resistance  against  osmolic  chanRes,  pre- 
sumably because  their  envelopes  are  relatively  impermeable.  Toniia,  e.g..  can  develop  in 
a  situralcU  solution  of  sodium  or  lithium  chlorid.  the  latter  liuviDg  an  osmotic  pressure  of 
3,769  atmospheres  [Raclborslu,  1906). 

Structural  Changes  Resulting  from  Osmosis.— With  most  cells,  however,  any  depar- 
ture from  the  normal  concentration  o(  the  liquid  in  which  they  arc  bathed,  produces  the 
Structural  changi-s  which  wc  would  cxpccl;  these  can  be  best  seen  in  monocellular  organ- 
isms, red  or  white  blood  cells,  or  ova:  these  show  shrinkage  or  swelling,  condensation 
or  liquefiiction,  precipitation  or  solution.  These  often  lead  to  cvtn  more  imnortant 
sfcondary  decom  positums,  wWich  may  cau^  I  lie  cells  lo<iu~eUevci)  tnorcinahypcnsotonic 
solution,  than  Ihcy  do  in  water  (Sollmann.  1904). 

Osmotic  Changes  in  Red  Blood  Cells. — Hypertonic  solutions  produce 
crenation;  if  the  solutions  are  h\-potonic  beyond  a  certain  degree,  hemoly- 
sis occurs.  The  cells  swell  and  lose  their  hemoglobin  and  salts.  In  life, 
these  changes  could  be  produced  only  by  intravenous  injection  of  aniso- 
tonic  solutions. 

Specific  Resistance  to  Hemolysis. — This  varie:;  in  difTerenl  species.  With  human 
corpuscles  hemolysi;»  usually  begin?  with  o  457  per  cent,  NaCl,  in  beef  with  0.58;  in  the 
horse  with  0.68.  These  spctific  difIer(-ncL>s  refer  only  lu  hemolysis;  the  osmotic  swelling, 
measured  by  the  hemalocritc,  bcins  about  equal  in  the  different  species.  The  specific 
<i!flerence  to  water-laking  is  generully  inverse  to  that  for  saponin -lukiiiK  (Rywusch, 
1907 1- 

JttliuenM  of  Disease,  £*c.— Changes  in  the  resistance  to  hemolysis  have  been  found  in 
cjt<icased  conditions  (tumors,  etc.).  With  normal  human  corpuscles,  hemolysis  befntu; 
in  about  0.457  per  cent.  NaCI,  and  is  complete  in  0.340  per  cent.  NaCl;  these  Hmits 
being  fairly  constant.  They  are  .also  praclically  the  same  in  pernicious  and  in  secondary 
anemias.  'Ilie  resistance  is  said  to  be  increased  by  therapeutic  doses  of  arsenic  CL.  Mi. 
Hill,  1015). 

Inking  Pmccr  of  Various  iW^i.— IIcmol>*sis  depends  not  only  on  the  concentration, 
liut  abo  on  the  nature  of  Ions,  foHuwiu^  the  uisual  lyoLruplc  series.  Hoeber,  1908, 
ffouiiid  (he  hemolysis  least  with  the  SO*  and  Ma  end,  and  most  with  the  I  and  K  end  of 
'this  series.  The  sequence  is  reversed  by  combination  with  lipolytic  aitents,  saponin  or 
l>arteriaJ  Ij-sins,  The  ilifferences  are  referable  to  the  different  permeability  of  the  salts 
xuid  to  their  rfTects  on  the  cell  membrane. 

Hrmulysu  by  Ifyprrtnnic  Sfliflions. ^Thh  has  been  investigaled  by  C.  C.  Guthrie 
aiui  Lc«.  1Q14. 

Permeability  of  Red  Blood  Cells. — These  are  practicully  impermeable  to  most  os- 
Vrtotic  substances.  However,  both  anions  and  cathions  pass  to  a  slight  degree,  even 
'Under  physiologic  conditions  (VEamburger  and  llubanovic,  igo;);  and  certain  sub- 
stances fammonium  ions,  urea)  pa^  very  naJily.  In  general,  the  (jermeability  is 
proportional  to  the  lipoid  solubility.  Ammonium  salts  arc  an  exception  for  they  arc 
clirwtly  hemolytic;  they  lake  even  when  added  to  isotonic  NaCl  soUilinn.  Tlic  per- 
aneability  to  other  solutes  [s  increased  by  combinalion  vtith  i<Aponin  and  other  hemolytic 
stents.  In  saponin-lakinf*,  an  increased  penneubilUy  of  tlie  cell  membrane  can  be 
viemonstrated  dircctlv,  before  the  salts  pass  out  of  the  cell  (G.  N.  Stevrart;  Woelfel. 

The  permeability  of  the  corpuacl.'s  for  Ka  and  K  ions  has  been  denied  (Guerber, 
aS^jl.  mjt  has  been  establishen  by  H.  J.  ILimburgcr.  igi6.  He  also  fmds  that  the 
addition,  within  pliy^okiKic  limit:»,  of  CGs  tti  the  serum  drives  K  ions  into,  and  Na  ions 
out  of  the  corpuscle-..     XaCI  drives  Na  in  and  K.  out;  and  KCl  does  the  reverse. 

Preservation  of  Living  Erythrocytes. — Blood  cells,  when  suspended  in  saline  solu- 
^on  tlic  rather  rapidly,  partly  by  inecbanical  and  partly  by  chemical  injurj'.  Kous  and 
Tomer,  1015,  found  thai  the  addition  of  gelatin  protects  them  against  the  mechanical 
injur,-,  but  not  against  the  chemical.  The  addition  of  glucose  or  saccharose,  on  the 
other  hand,  preserves  them  for  a  long  time,  so  thai  ihey  show  no  morphoSogic  changes, 
«nd  take  up  and  surrender  oxygen  in  the  normal  manner. 

Selective  Penneability  of  Cell  Membranes. — This  \'aries  for  each  claas 

of  cells,  some  beinj;  impermeable  to  one  suli-^tancc,  some  In  another.  This 
is  doubtless  important  for  maintaining  the  normal  differences  of  composi- 
tion. It  is  subject  to  changes  with  the  functional  stales  of  the  ceil.  The 
permeability  is  often  different  in  one  direction  from  that  in  the  other. 
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Penneability  to  Different  Substances. — With  mosl  living  ceUs,  lipoid 
soluble  substances  penetrate  more  readily  than  those  which  are  only  water- 
soluble.  The  penetration  is  also  inrtucnced  by  the  presence  oi  UpoIyti< 
agents  (anesthetics).    The  lipoids  of  the  cell  membrane  are   Lherefon 

important  elements  in  determining  its  permeability.     They  are  not,  how 

ever,  the  only  factor.     The  membrane  is  not  absolutely  impermeable  i 
salts;  and  some  substances  penetrate  independently  of  their  lipoid  solu- 
bility.    It  is  generally  assumed  that  the  membrane  is  a  mixture  of  lipoid 
and  protein  colloids,  and  that  both  play  a  part  in  the  penetration. 

When  discussing  the  red  blood  corpuscle^,  it  was  «utcd  that  they  were  ftlmo»t  iraper*  — ' 
meiible  to  most  sftlts  mid  su^rs,  but  permeable  Ia  ammonium,  urea  and  lipoly  tic  ajfrnU. 
This  applies  also  to  plant  cells,  in  which  the  phenomena  have  been  mo«l  rxtenuvdy 
studied.  KJcb>  and  dc  Vrin, /.i..  found  that  glycerin  and  urea  du  not  produce  plu- 
molysix.  Overton,  i&qs  and  1899,  has  added  mAny  data.  Stri^ied  niu<wJ<  is  ilw 
nearly  semipermeable  (Mmibtrlv  to  a  celluloid  merabrane  in  which  CallPOi  baa  been 
dcpositcl);  while  smooth  mu5clc  is  highly  permeable  to  sugars  and  salts  (Mdgi.  iqu 
and  lou).  The  chanttes  of  weiRht  in  ?trif*i1  muscle  in  various  conditions  were  inv«- 
Ugstcd  by  J.  L<.K.'b. 

Lipoid  Solubility  as  Condition  for  EntranM. — The  nuraerow.  observations  ot  Overtoa 
and  others  show  no  direct  relation  between  chcmic  constitution  and  Dcnneabilitv. 
Traubc.  18O7,  believrd  thai  the  difTrrFiices depend  on  the  Mzcuf  the  molecule;  but  t)ii»n 
untenable.  L'llcrmitc,  iSs5,  attributed  the  jicnclrAtion  to  solubility  in  the  cell  math 
brane.  This  15  undoubtedly  a  prerequisite  to  absorption.  0\'ettun  found  that  all 
lipoid-soluble  substances  penetrate  readily  into  all  cells;  and  those  which  are  OM 
lipoid- soluble  penetrate  with  difficulty. 

ThU  rule,  although  not  absolute,  holdft  m>  widely,  that  it  Tnust  be  a  umnle  paativ* 
nh>'^ical  phenomenon.  It  ii  not  absolute,  however,  or  metabolism  would  l>c  impouibir. 
Na[han<wihn,  1004,  thrrefore  assumed  that  thr  cell  mrmbninrs  con^«l  of  a  mosakof 
cholestcrin  and  proioplaam.  However,  thi^  ii  not  a  necessary  deduction;  for  NaibaiMoha, 
iqo4,  and  Riihtund,  ii^og,  »howed  that  artificial  lipoid  mrnibrane«,  when  soaked  Is 
water,  become  quite  permeable  to  subatances  that  dissolve  in  water.  e\-en  if  these  are 
insoluble  in  li]>oids;  while  water-free  lipoid  membmnes  are  impcmieablr  to  the  water  as 
well  as  to  the  solutes. 

Calcium  and  magnesium  phosphates  ncrba|w  also  play  a  part  in  scnupermeabilit) ; 
but  the  degree  of  impermeabilily  is  so  difTerent  that  they  arc  probably  uaIm|>anaot 
factor*  (Mcijts,  1015)- 

Penneability  for  Alkaloids.— This  is  easily  ob>erved  in  plants  by  the  nrrcipitaiioa 
of  the  tannin  within  the  cells.  Only  the  free  (basic.l  alkaloids  penitraie;  tnc  alkaloidal 
salts  enter  ver>'  much  mure  slowly,  namely  in  proportion  as  (hey  are  hydrolvxed  Tbrir 
toxicity  is  favored  by  the  addition  of  alkalies;  this  applies  also  to  bsa  anu  frug  Imtvk. 
Harvey,  1913,  found  that  celt  raerabrancs  arc  readily  permeable  to  weakly  dis*ociatcd 
lUkidu:!,  hut  remarkably  resistant  to  those  which  are  strongly  dissociated. 

Absorption  of  Dves. — Ehrlich.  1887  and  1803,  found  thai  viud  slaiainu  ocean  cape- 
dally  with  b-isic  dyes.     Ovcftnn,   tQOO,  referred  this  to  their  lipoid  tolubflily,  tad 
advanced  the  theory  that  all  absorption  occurs  through  the  ti^ds  of  the  cell  envdopc 
However,    exceptions   have   been    discovtTed.     Certain   lipoid-soluhlc   dye*  an   aot^, 
absorbed;  while  others,  which  are  insoluble  in  fats,  are  nn'OXDelatabsorfoablc.     Indred 
Asher  and  Gannus.  1911;  Harv-e>',  igti;  Kite.  1913;  and  other*,  have  found  little 
tioD.    Acid  dyes  stain  the  protoplasm  diffusely,  while  bask  dyes  staio  mainly  the 
granules. 

Permeability  of  Internal  CytopUsm. — Kite,  1915,  has  shown  that  all  r     '    ■-''*- 
protoplasmic  trrl  arc  more  or  te^!>  Mrmipcrmcablc.     Incised  and  puii<^ 
uistanci.-,  ollvr  the  same  obstacles  to  the  jx-netration  of  dv'es  as  do  in;,a.  ;  ^^,.^.     ■    w^. 
rate  of  penetratioo  is  generally  inverwly  proportifHial  to  tnc  cooceniratioo  of  the  f^-'v. 
toplasfflic  gcL 

Relation  of  Penetratioa  to  Functional  Statea. — Asher  observed  that  the  \ ital  »t«i«. 
injt  of  gland  cells  is  ijreatly  iiUluenccd  by  their  functional  activity.  l>cing  increased  X^y 
piluairpin  and  dimint-ihrd  by  atroptn.  Temperature  influences  the  plasauly*^  "' 
plant  cells  (v.  Ry^s^■l^lcrghc,  1901);  COi  incrcBM^  the  permeability  of  ct>lhiot>  •'^' 
(Hoebcr.  1904).  The  permeability  is  also  influenced  by  salts  and  naicotklt  aad  *^^ 
ulation  (Ostcrbout,  1913;  R.  S.  llillie.  1912;  J.  Loeb,  1013).  Fertiliiation  or  de^^ 
stimulation  increases  the  pcrmcabihly  of  frog  eggs,  so  that  their  iooi  dlfftae  oaf  *' 
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r  rate  (McClendon,  ipis)-  It  '*  probable  that  similar  changes  in  permenbility 
are  essentlaJ  to  the  metaboU&ra  of  the  celts  (Hoeber). 

'Ilic  scmipermcability  of  artijkial  membranes  can  abo  be  varied  at  will,  cspcdally 
by  tbe  strictly  phywca]  comlitions  of  hydration.  The  permeability  of  celloidin  mem- 
bnUMft,  for  in^t3.nce,  depends  on  the  degree  to  which  they  arc  dried  before  water  is 
applied;  the  less  the  drj-ing,  the  grculcr  ilicir  permeability  (Meigs,  1915). 

Influence  of  Electrolytes  on  PenneabHity.— J.  Locband  Cattcll,  igis, observed  that 
clectroh'te'^  increase  the  ditTusion  ol  K  and  11  ions  (Locb,  1915)  out  of  fundutus  o\'a, 
but  retard  their  iwivnges  Into  these  cells.  The  decree  of  the  eUect  ts  parallel  In  the 
lyotropic  series  ot  anions.  They  attribute  the  diffusion  to  combination  of  the  K  or  U 
witb  tiie  colloid  aniMim  of  the  cult  inembrnne;  this  combination  being  dinninished  by  the 
mnTi*  Wfllnn  of  cxceMive  anions  in  the  surrounding  solution. 

Clowes,  iqifi,  finds  that  the  influence  of  electrolytes  on  cell  permeability  is  similar 
to  their  effect  on  the  ncrmcabllily  oS  soap  lilms. 

Semipermeability  Persists  anly  Dtiriog  Life. — It  is  lost  -n-hcn  tbe  cells  die,  so  that 
dead  cells  merely  imbibe  solutions,  like  eclatin  or  fibrin.  Acids  also  destroy  the  scmi- 
permeiibility  (J.  Loeb.  igi^)-     Li^nng  tissues  resist  the  entrance  of  aU  adds  (except 

cylic),  while  dead  tJs&uca  are  freely  permeable  to  them  (Han,ey,  1914). 


Functional  Responses  to  Osmotic  Changes.  -The  alterations  in  the 
composition  of  liic  cells  entail  corrcspomlinji  changes  in  their  functions, 
Consisting  in  a  mild  or  strong  stimulation,  often  irritative;  passing  into 
depression  and  itnally  disorganization  of  the  cell  if  the  changes  have  been 
large.     The  irritant  phase  tends  to  predominate  with  hypcrisotonic  solu- 

'  tioDs,  whilst  hypoisotonic  solutions  tend  more  to  depression. 

I  With  unspecialized  cells  the  main  changes  fall  upon  their  meUiboHsm. 
These  nutritive  changes  are  most  pronounced  in  the  cells  of  lowest  vitality. 
As  a  rule,  pathologic  formations  possess  less  resistance  than  normal  tis- 
sue, so  that  one  of  the  most  conspicuous  phenomena  of  the  genera!  salt 
action  is  the  breaking  down  of  pathologic  formations,  no  matter  what  their 
origin,  and  whether  they  are  chemic  or  anatomic.  Other  specialized  tis- 
sues also  respond  by  their  proper  functions:  Abstraction  of  water  from  a 
nervf  or  muscle  causes  contraction;  the  unfertilized  eggs  of  certain  marine 
animals  undergo  parthenogenetic  development,  etc.  (J.  Loeb,  1899,  igoi). 
If  a  verj'  strong  salt  solution  1^  injected  directly  into  the  circulation, 
the  main  symptoms  will  arise  from  the  central  nervous  system.  They 
consist  in  stimulation,  with  subsequent  paralysis,-  being  simitar  to  the 
effects  of  asphyxia. 

Salt  Action  on  PhagocytoBis. — The  scnsitivcneu  ol  cells  to  small  changes  in  osmotic 
concentration  is  shown  by  the  phiijjucytic  power  of  leuccicyt'i.'s.  According  to  H.  Ham- 
burger and  his  pupils,  iqoS  and  ic>io,  the  phagocytic  power  is  decreased  by  ver>-  small 
changes  of  the  osmotic  concentration  of  the  scrum,  such  as  may  occur  under  ph>'siologic 
cciulllions.  All  anisotonic  solutions  arc  injurious,  but  especially  increased  concentra- 
tions. The  leucocytes  recover  when  the  normal  concentration  is  restored,  NaCl 
causes  but  little  injury  apart  from  the  osmotic  effect.  Kal  is  more  toxic  than  XaBr.  Of 
other  ions,  a  slight  excess  of  calcium  stimulated,  white  decreased  activity  resulted  from 
a  larger  ejtces^^and  from  reduction  of  calcium  as  by  t^uorids  or  citrates.  Ba  and  Sr  do 
not  have  the  stimulant  action,  so  that  it  is  not  due  Co  valence,  diminution  of  tbe 
normal  alkalinity  was  deleterious,  and  to  a  less  degree  also  an  excessive  allcattmly. 

Osmotic  Response  of  Muscle. — Striped  muscle  is  semipermeable,  smooth  muscle  U 
permeable.  This  dilTi-renl  [jermeability  is  reflected  in  their  response.  Inimersinn  in 
water,  /.i.,  causes  striped  muscle  to  become  rigid  and  to  shorten,  smooth  muscle  to 
lengthen.  The  effects  are  countcracteil  by  1  per  cmt,  NaCl  (Meigs,  igii).  Dale, 
1913.  also  found  the  tone  of  smooth  muscle  increased  by  hypo-  and  diminished  by  hypcr- 
tonii.  Ringer's  sul u tions.  Slightly  hypertuniL-  sulutions  increased  the  response  to  in- 
hibitory drugs  and  decreased  the  effects  of  stimulant  drug^.  Slightly  hypotonic  soLu- 
tioDs  had  the  opposite  eilecl.  The  muscle  of  the  Venus  agrees  with  uon-striatcd 
muscle,  in  being  permeable  (Meigs.  1014). 

Fatigue  increases  the  molecular  cnnccntratior  (depression  of  freezing  PjinO  o^ 
excised  skeletal  muscle  by  36  per  cent,  by  the  breaking  down  uf  molecules.     This  does 
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DOt  occur  wbeo  Ibe  circulation  is  iutat:!,  fur  the  dilTerrnce»  arc  then  equaHiri  lijro- 
change  wth  th^  bluocl  (A.  R.  Moore,  r^iOJ. 

loa  Effects  on  Muscle. — The  immersion  of  muscle  in  varioiu  solutions 
produces  marked  effects  even  when  osmotic  changes  are  excluded  by 
having  the  solutions  isolomc.  Tliese  must  therefore  be  referred  to  m 
actions. 

The  muscles  lengthen  or  shorten;  the  excitability  may  be  diminished 
or  increased;  spontaneous  rhythmic  contractions  may  appear;  or  the  tcu5- 
de  may  develop  "contact  irritability"  so  that  it  will  react  lo  atinuli 
which  are  ordinarily  ineffective.  Invertebrate  and  mammalian  mittda 
exhibit  similar  phenomena  if  proper  conditions  are  maintained. 

ACTIONS  OP  ELECTROLYTES 

Importance  of  Electrolytes. — Muscles  soon  lose  their  excitability 

plctely  in  solutions  of  uou-cltctrolytcs;  but  this  returns  when  ihcy  src 
replaced  in  saline  solutions.  A  medium  containing  electrolytes  is  there- 
fore essential  to  muscular  contraction;  indeed,  any  change  in  the  Ions  pro- 
duces alterations  in  the  muscular  functions.  The  different  ions  arc  not 
equally  effective.  It  appears  that  the  nature  of  the  cathions  is  mote 
important  than  the  anions.  The  ions  arrange  themselves  in  the  usu«l 
lyotropic  series,  the  Na  and  I  end  being  the  most  favorable,  and  the  K 
and  citrate  end  being  the  most  unfavorable. 

Toxic  Action  of  Single  Salts.— Imtturnilon  ioany  soluliooof  a  single  salt  also  rctiifn 
muscle  ineicitabic,  but  with  very  different  rapiditj-.  These  differences  foDow  the  lyo- 
trucHC  series  in  the  same  sense. 

Kfa^thmic  Contractioas  of  Skeletal  Musde.^-Thcsc  generally  develop  Man  w 
irritability  h  lost,  when  muscle  U  immersed  in  solutions  of  a  sin^e  eleciml>-te  {Lm'(>> 
1S99).  li  a  certain  proportion  of  a  calcium  sail  h  added,  the  rliyLhmic  oroperty  d*- 
appears  aftain.  The  rhythmic  cuntracliun  of  the  Ciirdiiic  musfJr  or  of  raenu&Je  «'*"  '*"' 
appears  when  calcium  is  added.  Rhythmic  cunlractibility  is  not  therefore  a  pro;>er<T 
cnaraclffri-stic  of  cardLtc  mitscle,  but  Is  inherent  in  all  mtiM'ular  t'l^suiM^  Tm  rrWO 
why  the  contraction  of  the  heart  ia  ordinarily  rhythmic,  and  that  of  &kdctal  muyl'  ""'• 
lies  in  the  fact  that  the  ions  in  the  heart  MC  balanced  so  a*  to  favor  rhytkniK  coalrtc* 
Uons  and  in  the  skeletal  muscle  they  are  not  «o  balanced. 

Ciliary  and  Muscular  Movement.— R.  S.  Ullie  ( 190  j)  has  studied  the  effect*  ai  w» 
on  the  Lirva:  of  a  <oa-wiirm  (Arenicola),  which  ciecule*  both  cillar>'  aod  onuca'*' 
movements.  He  found  that  tlie  presence  of  magnesium  in  the  mixture  favon  il»eo» 
traction  of  the  cilia,  cidcium  of  tnt  muscles;  poto-ssium  hinders  both.  Partet  (<('>.*' 
has  found  that  potassium  reverses  the  stroke  of  certain  cilia. 

Ion  Actions  on  Heart. — These  are  highly  important  (0  the  card*' 
contractions.  The  excised  hearts  of  cold-blooded  animals  soon  stop  ^^^^ 
beat  when  immersed  in  solutions  of  non-electrolytes  (Carhuin);  but  'liO' 
continue  to  contract  rhythmically  for  a  long  time  in  certain  salt  solutt*''*^ 
Analogous  phenomena  are  obser\'ed  in  the  perfusion  of  mammalian  ht»r^ 
The  solutions  must  contain  Na,  K,  and  Ca  ions;  and  these  must  be  >o  * 
fairly  definite  "balanced"  ratio,  as  in  Ringer's  or  Locke's  solutioW* 
their  modifications.  Deficiency  or  excess  of  these  ions  cause  der**"^ 
ment  of  function  and  arc  equally  fatal.  The  ratio  is  much  more  i  ' 
tant  than  the  absolute  quantity  of  the  ions.  The  anioni  are  nb 
indifferent. 

Rdle  of  the  Indiridiul  Cathions.— NaCI  i.iindispensable  to  the  rhythmic  a  nir->  'i^^ 
of  the  heart;  but  when  present  alone  it  produces  rdaxatioo  and  i>  finalK  I  lUl  i '     . 
heart  j»»  to  other  tissues.     The  addition  of  K  iuna  prwJucc?  a  diastolic  tcnJcn'^  ' 
stmnditill.     Ca  aod  N'aCl  produce  increased  »ystouc  contractton«  but  ihr  du'^'''' 
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KCqmc  imperfect  and  deficient.  Starting  nith  a  balanced  Ringer's  solution,  tkudden 
Bcmsc  of  K  results  in  ^k>wiii)i  ami  u't-akening  tofleo  halving  of  (he  rate),  and  decrea5ed 
reliability  to  vagus  ^[imuUtion.  and  with  higher  concentration;^  in  arrest.  Thb  may 
le  removed  by  the  injection  of  Ca,  or  by  accelerator  stimululion.  Increase  of  Ca  acts 
ike  accelerator  stimulation,  resulting  in  increased  exoiriions,  prolongation  and  fusion 
)f  lyslolcs,  and  systolic  standstill.  Ca  is  aUo  necessary  for  the  inhibitory  response  ti» 
.igus  stimulation;  but  excessive  Ca  concentration  paralyzes  the  vagus  (Schiil;  CazzoU, 
1913;  Bochm,  1914).  The  K  or  Ca  actions  predominate  when  the  percentage  o(  one 
ireaominates  alntut  tiiree  and  one-half  limes  o\er  the  other.  The  effects  of  K-fre« 
Uoger's  soluUon  resemble  Ca  predominance.  Cft-frcc  Ringer's  solution  increases  the 
ate — I.e.,  the  result  is  the  op(J'->^i^e  of  K  in  the  presence  of  Ca.  iJeficiency  of  Ca,  K 
ir  OH  ions  shortens  the  survival  of  the  heart  (Boehm,  i()i4). 

Theories  of  Cardiac  Ion  Rfllatioas.— In  the  light  of  these  dau  attempts  have  been 
oade  lo  assign  (kfinitc  functions  to  the  individual  ions.  They  arc  not  ver\- satisfac- 
ory,  except  in  that  they  emphasize  that  Ca  and  K.  have  opposite  and  cumplementary 
■ffctls  (Ringer,  i&Hi),  Ca  for  promoting  contraction  and  K  relaxation.  Locb.  iSgq, 
.ttributcd  the  contractions  to  the  Na  ions.,  hut  requiring  the  presence  of  Ca.  llovrell, 
SqU  and  1906,  believes  that  Ca  ii  concerned  in  the  contraction  and  K  and  Na  in  the 
elaxalion;  that  thtue  ions  enter  alternately  into  relation  with  the  contractile  substance; 
bat  accelerator  -ttimulacion  liberates  Ca  and  vagus  stimulation  K  ions.  Martin.  1913, 
iMumes  with  IIowi-ll  tl).-it  Ca  ;uiimotes  the  conversion  of  stable  into  unstable  energj- 
idding  material;  that  Na  brin^  about  the  actual  dissociation  and  thus  initiiiles  the 
irat  iLincIrj;  and  that  K  aiUagoniu-s  both  the  Na  and  Ca.  The  cherakc  conditions 
i  cardiac  activity  are  reviewed  by  Tigerstedt,  Erg.  Physiol.,  13:269. 

L Abnormal  tons. — These  hiivc  been  studied,  e.g.,  hy  Lussano,  igi^i,  by  modifying  the 
stitucnls  of  Ringer's  solution.  Sr  and  Ba  can  not  replace  Ca,  but  their  effects  cor- 
cspond  to  ihoH;  of  excessive  Ca.  Li  is  not  tnsic,  but  causes  some  osmotic  slowing. 
'JH*  slows,  but  increases  the  irritability  and  strength. 

Arterial  Muscl«. — Prochnow,  191 1,  tried  the  replacement  of  NaCl  by  other  anions, 
rhe  tone  was  raised  by  I''>  I>llr.  Hatcher,  iqafi,  tested  the  exdlaltiUlv  of  the  kidney 
■essels  to  cpincphrin  and  found  this  preserved  twice  as  loni:  in  Locke's  Quid  minus  glu- 
09«,  a*  in  0.0  per  cent.  XaCl.  With  glucose,  the  excitabifily  remained  eight  times  as 
ODg.     The  ability  lo  reduce  hemoglobin  behaved  similarly. 

I  Ion  Actions  on  Ner»e.^Nervcs  also  lose  their  irritability  in  solutions  of  non-dec- 
Hklytc^.  and  recover  in  salts.  The  cathion  series  is  similar  to  muscle,  but  the  anion 
pics  is  reversed. 

I  The  reactkm  of  motor-nerves  to  electrolytes  has  also  been  shown  to  be  an  additive 
anction  of  the  two  ions:  the  anions  (alkaUes  or  increase  of  valcncj*)  stimulultng  the 
dalic  ncr^'e  of  the  frog,  while  cathinns  (acids)  lowt-r  its  irritability  (A.  P.  Mathews, 
i>oJ).  This  agrees  with  the  old  observation  of  (ialvani  (contirmed  by  (Irandis,  ii^i), 
hat  the  ner\'e  Is  stimulated  when  it  is  chaiged  by  induction  with  negative  electricity, 
nd  depressed  by  a  [Kisitivc  charge.  Mathews  assumes  that  the  stimulation  is  caused 
y  the  |itecinitalion  of  the  (|Misillvc)  colloids  of  the  nerve  by  the  anions,  and  vice  ttrm. 
lus  demands  further  proof ,  especially  before  it  isextended  to  other  forms  of  protoplasm. 

tCft  and  K  on  the  nervous  Centers. — Hooker,  1913.  perfused  solutions  of  these  chlo- 
.  through  the  respiratory  cfntcr  of  frogs,  and  found  that  increase  or  omission  of  K 
n  balanced  -solutions  produces  depression;  decrease  of  K  causes  stimulation.  With 
|^  increase  and  omission  pnuluce  stimulation;  diminution  depression.  The  perfused 
Hnal  Ci'rd  of  frogs  gave  similar  results  (Ifooker  and  Reese,  1914).  As  to  the  perfusion 
[  the  mtJulliiry  cardtai:  centers,  predominance  of  K  stimulalc-d  the  vagus  and  inhibited 
le  accelerator;  while  predominance  of  Ca  stimulated  the  accelerators  (Hooker.  1915). 
lie  perfused  ceutritl  nermus  iyHem  of  mammals  preserves  its  activity  best  with  a  solu- 
oo  erf  0.9  per  cent  .VaCl  and  0.05  per  cent.  CaCli.  'Phese  can  not  be  replaced  by  rc- 
fefd  ioas^  Even  traces  of  potassium  are  harmful  (P.  Gerlach,  1014). 
WUn.  Effects  on  ttie  Kidnejrs. — The  polyuria  and  glycosuria  whirh  follow  the  latra- 
goous  injection  ui  large  quantities  of  most  sodium  s^ts  (especially  m  slightly  h\-per- 
Otonic  solutions)  [lerhaps  iilvj  involve  ion  action;  at  least  fW.  H.  Fischer  and  O.  H. 
rown,  1903)  the  addition  of  a  small  proportion  of  CaDi  stops  the  diuTciit,  which  ma^* 
tea  be  started  again  by  injecting  sodtum  acetate.  Sr  or  Basalts  prevent  ibcj/yr'tfiund 
itbout  affecting  the  polyuria. 

SoUmaim  (190O  has  found  that  calcium  also  hinders  the  filtration  of  urine  and 
nprdes  the  circulation  in  evcised  kidne>-s,  while  magnesium  favor%  them.  These 
Sects  may  be  referred  to  ion  actions  on  the  renal  protoplasm.  The  effects  of  most 
Uier  ions  which  were  investigated  in  this  manner  arc  referable  to  osmotic  change*,  due 
1  differences  of  penetrability. 

Gutbrie,  t9io,  claims  that  direct  perfusion  o(  the  kidney  vessels  with  saline  solu- 
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Uon».  evcD  for  a  short  period,  is  followed  by  hcmurrbuKii:  and  degenerative  cbauKri  L 
the  kidne>-8,  leading;  la  tiremtA  and  drAth  after  a  few  n-crks  ur  niuntb&.     Simple  ■ 
of  equal  (iuralion  is  much  less  dctrimcalal.     Carrel  claims  that  be  has  Dot  obaarc 
these  rc&u1t.v 

Balanced  Salt  Ratios.— A  solution  cuniaintng  a  Mngle  eltrctrolytc,  01 
matter  what  the  cheniic  nature  of  the  latter,  is  fatal  to  all  forms  of  life- 
The  toxicity  can  be  greatly  lessened  by  the  addition  of  a  second  sail— 
This  is  called  the  "antitoxic  action"  of  ions.  For  perfect  functionation^^ 
several  s^lts  arc  necessary,  in  a  dcftnile  "l>alanced"  ratio  (J.  Loeh,  1900)— 
Departures  from  this  ratio  modify  the  functions  of  the  cell,  and  largm 
changes  are  fatal.  The  mineral  constituents  of  cells  are  therefore  in — 
dispensable  to  life.  The  phenomena  are  probably  produced  by  modi — 
licalions  in  the  permeability  of  the  cell  membrane. 

loas  Essential  to  Life. — The  fulluwlng  salt  ions  are  alwolutely  nece«aar>'  lo  plaata;  ■: 
K,  Mg,  I'Ot,  L'Ui  (N'a  and  CL  arc  not  tiecMsary);  Ca  to  all  but  the  lower  lung)  and  atgc 
Mn  rorms  an  eswotial  canstituvnt  of  vegetable  oudiang  enzyme*.     NOt  ud  SOi  act  . 
Ai  nutrients. 

Animaij  r«iuire  Na,  CI.  CO,,  Ca,  K,  Mg,  I.  Fc,  PO«,  SO,.  Il  is  ver>'  doubtful 
whether  other  cLcmcnls  existing  only  in  traces  (such  as  IH)  are  oeceuao',  or  merely 
accidviitiit. 

The  microchemic  investJKationn  of  A.  B.  .Macallum  (1905)  indicate  that  the  dec- 
Irtilylfs  nrp  li>cAli?.cd  in  certain  portions  of  the  cell  by  surface  tcuston 

Mineral  Salts  in  Nutrition. —McCollum  and  L>a\is,  1913,  found  a  definite  salt  inii* 
ture  in  ihi-  ftxid  to  b<:  css^'ntial  to  the  growth  of  mts.  O^wrne  and  Mendel,  igt  >.  alw 
found  that  raLt  fed  on  a  diet  free  from  inorganic  salu  declined  continuously  in  veight, 
and  that  a  very  dctiQite  mixture  of  salts  must  be  supplied.  An  arti&cial  mislurr  %mi 
ait  elective  .iti  the  "protein-free  milk."  The  salt  content  at  the  milk  undijubtoUy 
plays  nn  important  part  in  the  nutrition  of  infants.  Cows'  milk  is  considcrvljly  richer 
in  .ill  th>>  impurt.int  salts  i1iun  h  liiinian  milk,  but  the  dilTerejice  is  pmbabiy  compen- 
sated by  the  boiler  utilization  of  the  salts  of  human  milk. 

Antitoxic  Action'  of  lon&.^A5  far  m,  known,  no  cell  tan  remain  alive  unlets  il  coo- 
tains  some  electrolytes.  U  these  are  reduced  below  a  certain  minimum,  the  celt  dies 
rapidly.  But  in  many  ca^es  it  dies  even  more  promptly  if  it  is  placed  in  a  solutioa  coa- 
taining  but  a  single  electrolvtc.  This  is  the  tuxicity  nhich  was  describrd  in  the  yat' 
ceding  paragraphs.  It  would  seem  therefore  that  tevfrat  etccirclyits,  in  a  arlain  fotig, 
are  rtquirrd  in  onirr  that  the  (dl  may  prrform  ilj  futnlitms.  This  was  confimed  bj*  J. 
Loeb  ( iQoi ),  who  showed  that  the  toxicity  of  an  electri>lyte  can  be  very  ttratUy  IcMBied 
by  the  iddition  of  anuther  electrolyte,  sometimes  in  very  »mull  profvirliun.  (For  in- 
stance, tlie  addition  of  .'-1,000  ™-  (-'^^1  neutralizes  the  toxic  action  of  ^%  m.  NaQoo 
Fundulus  ova.)  The  antagonism  is  mutual,  at  least  lo  »ome  eilcut.  Instructive  ex- 
amples of  anUf^onism  are  furni*ihed  by  J.  Loeb,  igii. 

From  his  ubscrvalions.  Loeb  at  brst  concluded  that  the  catluons  arc  rcaponsible 
both  for  tile  Itixic  and  nntitoslc  actions;  and  that  caLhions  of  dEftcrrnt  valency  neutral- 
iiEC  each  other.  The  extensive  cxpcrimcnis  ol  A.  I*.  Matliews  (1905}  modify  Ifacte 
thmrics:  It  would  appear  that  calhions  itnti  anino!^  ace  butli  cuorcmt.-d  in  the  luxic  and 
antitoxic  actions  (although  the  cathions  arc  probably  the  more  imporunt);  and  that 
the  valency  has  no  direct  connection  with  either  the  toxic  or  anlitukic  action  (Loeb, 
1914).  1'he  decompo«)iion-tenrJon  seems  to  be  of  subsidiary*  importance  in  the  aati- 
toxic  action,  ami  it  appears  to  he  necessary  to  invoke  several  met  >'■■>'-•"-  '-'t  its  ea- 
planation.     The  antaconism  is  e%'idently  a  complex  phenomenon,  -ilso  tbr 

specific  ion  actiaiis.     It  may  be  noticed,  for  iustaocc,  that  certain  n  and  Lp 

are  particularly  difTicuIt  to  neutrolizei  Ca  h  especially  antitoxic,  Mg  much  Icm  so;  Xi 
scarcely  at  all.  The  optimum  ratio  and  the  degree  of  antagonism  vary  for  differtftl 
classes  of  celb.  Clwety  related  ion?  sometimes  have  very  di£ercot  cilects.  and  caa  Ml 
replace  each  other.  Kven  when  the  antagonism  of  two  salt*'  is  at  it.-<.  bei«t,  it  it  wcr 
perfect;  it  requires  the  addition  of  one  or  more  further  salts  to  enable  the  cdl  to  pcr- 
furm  its  functions  properly.  Indeed,  a  sIruUy  normai  comditutm  u  Mot  narkwi  mMil  lfc> 
edl  is  pliued  fit  a  ixtlution,  the  calkiom  of  -ukick  are  tfitktn  narrov  timili  tke  xoatr  gmW- 
lalivriy  and  ^uatttHativtly  as  Iktue  0/  ilf  normal  iHrroumdinis . 

'  The  tnrm  "anUtiMuc  action,"  applied  tn  iutw.  nwana  aofflMlJuns  •rvry  dJAaraaC  ttwm  iIh  W^ 
t«na  whea  it  b  u»cd  in  coniiection  irith  twcUrial  powoa*. 
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Nature  of  Ion  Action. — There  are  reasons  for  believing  that  the  ion 
actions  are  exerted  only  on  the  surface  of  the  cell,  especially  by  aUering 
the  permeability  of  the  envelope  (plasma  membrane);  and  that  the  anti- 
,  toxic  aclions  are  alsg  exerted  mainly  on  the  perraeabilily. 

r  The  high  reusuacc  of  celU  to  the  peneiratioa  of  ions  inak«  any  internal  efTecu 
very  improbable.  With  potassium,  /.i..  whidi  U  hljjhly  toxic  to  musdc  cells,  it  bai 
been  shovrn  that  it  pasLses  neither  into  nor  out  of  the  cells  (Uraao;  Fahr>.  The  same  is 
true  of  caldum  (W.  Straub,  1913}.  The  prDmptnt:K>  with  vrhtch  the  cflccU  can  be 
removed  by  the  addition  of  a  second  salt  also  s|»calt>.  against  abiuqition.  It  i»  very 
probable  that  the  sinj^Ie-^alt  >oliitiona  disturb  the  scmipermcability  of  the  mcmbraao 
(J.  Loeb,  1905,  1914),  tlius  iatcrtering  witli  the  maintenance  ui  the  electric  potential 
which  determines  irritability.  The  increascil  permeability  would  also  produce  chemic 
changes  by  permitting  the  entrance  of  {orci;:rn  ions.  However,  the  racduuuf^m  U  not 
aiwavs  the  samc:/.i.  Loeb  and  Wastcne>'s,  1910.  found  that  the  immediate  toxicity  of 
NaCi  fur  8«a-urchin  eggs  is  due  mainly  to  greatly  increiased  oxidation;  and  Warburg* 
1910,  found  accordingly  that  the  toxicity  is  dimini&hcd  by  the  addition  of  NaCN.  (^ 
the  other  hand,  the  toxicity  of  NaCl  for  the  ncuro-muMrular  mechanism  of  meduse  is 
quite  different;  in  these  it  dimimshcs  oxidation,  and  cyanid  i.<;  therefore  not  antitoxic 

Plasma  MembraDe  and  Electric  Stimulation. — Nern^t,  1^99,  suggested  that  electric 
stimulation  chani!e>i  the  inn-concentration  iin  the  surface  of  the  wmipermpiihle  mem- 
brane. Lillic,  1915.  proposes  a  similar  theory  for  nerve-conduction:  The  change  ta 
permeability  would  ittelf  set  up  electric  chanRes,  which  would  stirauLite  the  adjacent 
portions  of  the  nerve. 

Mechanism  of  "Antitoxic"  Action.— O.  N.  Stewart,  IQ03,  Miggested  that  the  antag- 

lism  of  salts  may  be  explained  in  some  cases  bv  alteration  of  permeability,  preventing 

wmotie  changes  or  the  penetration  of  luirmfui  ions.     This  has  been  confirmed  by  J. 

'Loeb.  1903,  loii,  and  1912.     It  a  probable  that  K  "loosens"  the  plasma  membrane 

and  thus  abolislics  excitability;  and  that  Ov  counteracts  thi;,  effect.     The  reasons  (or 

Ihracccttity  of  Na  and  Mg  have  not  been  explained. 

Loeb  (1914)  now  believes  that  the  conservation  of  the  plasma  membrane  requires 
a  specific  mixture  of  Na.  K  and  Ca  chlorids;  and  that  any  departure  from  this  balanced 
ratio  disturbs  the  membrane.  A  partial  preser^'atton  may  be  secured  by  substituting 
other  ious  with  r»iruilar  properties.  The  whole  phenomenon  h  rather  analogous  to  the 
bcfanvior  of  soaps  (Clowes,  i9i6>.  Chterhoul,  191 1,  [913  and  1915,  arrivis  at  simlbr 
conclusions.  He  tinds  that  ceil  permeability  is  increased  by  \a,  decreased  bv  Ca,  Sr, 
Mg,  !I  (in  the  farm  of  chlorids).  In  general,  substances  that  increase  permeability  are 
antagonistic  to  those  that  decrease  it.     This  applies  also  to  non -electrolytes. 

Other  factors  may  conceivably  cooperate,  such  as  the  electric  and  chemic  changes, 
tlecrcese  of  dissociation  (as  in  the  effect  of  citrates  on  Ca;  Sabbatani,  looi).  Finuly, 
the  aataconisra  may  be  functional,  for  it  has  been  noticed  that  calcium  also  antagonixes 
Mine  pouons  which  are  not  electrolytes  (veratrin,  Kinger,  iStti;  physo«tigmin,  S.  A. 
Mathews  andO-  H-  Hrown.  1904;  cas^ara,  MacCallum,  1904),  ana  to  which  it  is  opposed 
in  \ti  functional  effects.  Similarly,  magnesium  is  mutually  antagonistic  with  physos- 
Ugmin  {Melt/erV 

Magnesium  and  Caldum  Antagonism. — This  presents  several  special  features.  In- 
crease of  cither  Ca  or  Mg  ions  depresses  muscle  and  nervous  structures.  Nevertheless, 
the  effects  of  the  M g  may  be  removotl  by  .tddition  of  Ca.  Ca  also  antagonizes  the  inhibi- 
toty  effects  of  K.,  as  well  as  the  stimulant  effects  of  Na  (Mettzer  and  Auer,  1908). 
Strontium  does  not  take  the  place  of  Ca  in  these  reactions. 

Even  more  complex  relations  have  been  discovered  [Joseph  and  Mettzer,  1910):  in 

frogs,   injection  of  Mg  into  the  lymph  sac  produces  a  curare  action,  paralyzing  the 

muscle- n<r\e  endings,  but  not  the  muscle.    The  csd lability  b  rcslured  by  Ca.    Per* 

of  Mg  paralyzes  the  muscle  as  well  as  the  endings.     Ca  has  no  reiterative  effect. 

(a  itatores  only  the  cium;1c:  Na  4-  Ca  restores  also  the  endings. 


'•THYSIOLOGIC"  OR  "NORMAL"  SALINE  SOLUTIONS  (ARTIFICIAL  SERUMS) 

The  deleterious  effects  of  singlc-sall  solutions  have  led  to  the  intro- 
duction of  solutions  better  adjusted  to  Ihc  physiologic  requirements. 
These  balanced  solutions  are  necessary  when  experimenting  on  excised 
tissues.    They  are  le&s  importaut  for  injectious  iuLu  Uving  auimais,  in 
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which  even  single-salt  solutions  are  rapidly  adjusted  by  exchange  with  iht 
tissues. 

These  solutioos  Kave  be«n  devised  partly  empirically,  partly  by  imitAttag  ih«  i&l-v^ 

of  tfie  bifxxl  serum  or  aea  water.     Ditlcrent  tUsucs  oflcD  require  slight  modifiaitions    ^ 
secure  the  uutimiil  efTects.     The  following  arc  the  mos.t  imporlant: 

Isotonic  NaCl  Solutions. — Na^^,  i^6cj,  determined  experimeD tolly  that  0.6  per  cc-w^^  t. 
ia  the  beat  cuoctrnlraliyu  (or  prvscrvinp  the  irritaliUity  of  //■cj''  lis^ui-..  Later,  il  -^^^j  ^^ 
shown  that  Ihi:^  saliitiQn  was  not  indifTerent:  Kronecker  and  StirlinK  observed  ' ' " r r  mm  jw) 
of  the  heart;  Kingcr,  tmtchiag  of  muscles;  Locke,  contracture*  and  increased  irritaoiLm  ^  y. 
Ca^^lnw  and  Locke,  curare  actiun,  etc.  These  eflccta  can  only  be  overcome  by  balsa  m  m  * 
ing  the  solution  with  other  salts.  However,  the  solution  is  practically  isotoiuc  m^t  Ath 
frog's  blood,  and  therefore  obviates  osmotic  chanRfs.  On  the  other  hand,  it  is  li)'pot«^:»  ^nic 
to  imimmalifin  blood,  which  requires  about  0.9  [>cr  cent.  NaCI.  Solutiutu  oC  o.S  t<»  ^^.o 
per  cent,  are  therefore  generally  preferred  for  mammaU.  The  C4jnceotratiun  of  ^  he 
U.S.P.  is  0,85  per  cent.  Abel,  however,  found  in  vividitTusion  that  a  lower  conce^  C;  ra- 
tion, about  0.6  per  cent,  prevented  edema  more  effectively. 

It  will  be  recalled  that  the  exact  composition  is  of  relatively  small  importance    far 
injectioas  into  living  animatii. 


TABLE  OF  CaM.MONLY  USED  B.\LANCED  SOLUTIONS 

PercentAtcci 


AutfaoT 

Adapted  to 

NaCI 

KCI 

CaCli 

NaHCO* 

OUier  iBC**dtvt>  Cs 

Rii«ir , 

Pro^'a  htMtt 

1                r 

0.6   o.cwTS'  0-01  (dried) 

O.Of 

(0  0i6  (crratals) 

J 

Ro»*tl 

Prig's  heart 

0 .  T    0.03 

0  01$  (cryault) 

O.OVJ 

1 

Clark 

Prog  ■  bt»n 

0  7    0  014* 

0  Ot>  (drtedl 

O.OJ 

Coeitalin.  ■ 

Prog*a  heart 

0,65  0.01 

0.0065  (dried) 

o-ot 

/  KainPOt.  0  Jia  J 
t  NaHiPO..  a  .jiai  m 

Lockt.... 

RttKh 

Mftinmalittn  hckTt 

0  a 

a  oajs 

Trrode.  . . 

MamTaalian  intct- 

o.S 

O.OJ 

o.D2(crvttali) 

o.t 

MvCti,  a  01 
NaiHPOi.  0  «»s 
Glacoa*.  0  1 
MitSO*.  Q  oj 

H«d(in  «nd  Pleig 

MkmfBkb 

0.6 

B.OJ 

a.oi  (dried) 

a- IS 

NaiHPO.. «  •» 
CIaO(wr,  0  1 

A<n*r 

Mkmnulf 

0  50 

0  «4 

0  04  fcrvsuli) 

0  SSI 

■  N«iHPO«.«  0  -«  »* 

( 

1   OIltCOM.  0    If 

Noric  I.— Ia   inakinK  ■wiuUona  etjiiLBinuitt  NattCUi.  itii*  iDutt  tM  cumplctcly  illicit »■! 
Ibe  CaCh  il  dddrd. 

XuTB  t. — nilipr  solntions  are  deacribed  in  "  Ot|{e«U  of  Canmenta  on  PhartBaeopna,"  I^^Ptti 
p.  6ti. 

*  The  lower  E  conirat  fJVM  a  ann  rapid  bean  rate 

Locke's  Solution.— This  I*  intended  to  be  used  with  a  strpam  of  oxryen.  Il  '^a* 
originally  devised  for  the  mammalian  heart;  but  it  also  maintaiDit  the  viiauiy  of  axlt^viea 
(Hatcher,  loot]),  and  of  nervuu^  and  other  ti^sue:^  (Hedon  and  hleig,  1905). 

Herlitzka,  loio,  found  the  addition  of  urea  and  glycerin  loLttcke's  solution  csc^k  t**l 
for  the  txcitabifity  of  the  nervous  system  of  frogs.  Presumably  they  influence  the  '^*t- 
meability  of  the  lipoids.  Brvmbiani,  igi^^,  find*  that  the  favorable  effect  of  urea  ar»  the 
scliichian  heart  is  not  shared  by  related  subntance^,  and  therefore  conaiden  il  che  Knit 
Il  olilatr-i  the  perfused  vcs&els  ol  the  frog  (Hooker,  igii).  _        . 

Sea  Water. — This  contains  the  important  ionK  in  aboul  the  ^aroe  ratio  a&  the  arli  Doal 
solution;  e.g.,  for  100  molecules  NaCI  there  arc  the  following  molecules  of  other  »«ii»" 


KCI 

Ms  CI. 

MsSO* 

(^C1< 

Sea  water 

a   J 

7  8 

3  8 

»-3 

Kingei-Locke  solutions.     

1.7-3-4 

I  a— 1  6 

A.  B.  Macallum,  igto,  suggested  the  interfiling  theory  that  the  compo*itioa  <»  ibt 
blood  is  a  survival  of  the  cvolutiotiar>-  adaptaiiun  of  amnaals  to  their  original  ia»nae 
environment. 

The  composUion  of  sea  imtier  is  somewhat  different  in  different  occant-    l^  ^ 
English  channel  it  is  as  follows: 


I 


American  analyses  arc  furnished  by  Wheder,  Jonr.  Amcr.  Chetn.  Soc.,  33:646, 1910. 


The  freezing- ptiint  tif  sea  wnter  is;  — i.a^'C.  ut  Naples  (Bottazzi,  iSgy);  —1.90* 
at  Pacific  Grove,  California;  ami  -  i.Sj"  at  Wood's  Hole,  MassachusctU  (Garrcy,  1905). 

OSMOTIC  EXCHANGES  IN  THE  BODY 

General  Statement. — Osmosis  tends  to  operatic  within  as  without  the 
body,  so  as  to  bring  all  the  fluids  into  osmotic  equilibrium,  and  if  possible, 
to  cstabliiih  an  identical  composilion.  It  is,  however,  modified  by  other 
forces.  If  a  foreign  solution  is  introduced — f.i.,  into  the  intestines,  or  peri- 
toneal cavity,  or  blood — the  osmotic  forces  will  very  rapidly  bring  its  total 
molecular  concentration  lo  that  which  is  normal  for  the  tissues.  This  ex- 
change could  be  effected  either  by  the  passage  of  water;  or  by  the  passage 
of  the  foreign  salts  out  of  the  solution  into  the  tissues;  or  by  the  pas- 
sage of  the  normal  salts  from  the  tissues  into  the  solution.  In  fact,  all 
three  processes  generally  participate,  their  share  varying  according  to  the 
special  i>ermeability  of  the  tissues.  In  general,  llie  exchange  occurs 
mainly  in  the  direction  which  will  favor  the  normal  physiologic  functions; 
i.e.,  in  the  direction  of  obsorptum. 

When  the  molecular  concentratEon  of  the  blood  has  been  reached,  there 
remains  less  sco]>e  for  osmotic  exchanges,  and  the  further  absorption  must 
occur  by  other  forces  (dUralion,  imbibition,  etc.).  generally  much  more 
slowly.  The  role  of  osmosis  in  absorption  is  therefore  important,  but 
Umiied.  Its  active  share  in  the  stcreiion  of  the  body-fluids,  /./.,  the  urine 
or  lymph  is  normally  small;  it  is  important  mainly  by  setting  limits  to  the 
real  secretory  forces. 

The  R6Ie  of  Osmosis  in  the  Absorption  of  Solutions  from  Serous  Cavities  and  Lymph 
Spaces. — This  ab<.i.) ration  is  almo!,l  L-iuinly  physicai,  for  it  oicur-.  quite  wdl  in  ikail 
ammuls.  aUhuuijb  it  is  oalurully  mure  rapid  when  the  cirirulalinn  is  intact,  l>c<.'aus<;  the 
ab^irbcd  products  arc  then  more  rapidly  removed.  Osmosis  plays  a  very  importani  part 
10  the  absorption,  especially  If  the  solutions  are  anisotonic.  If  a  hypuisotonic  solution 
is  intrrtducecJ,  rismnsi-i  causes  the  rapid  alisorptinn  tif  water;  ftilh  hyperisntonic  solulions, 
the  volume  of  the  fluid  will  at  first  increase,  until  it  has  become  cqiiimolccular  with  the 
plasma.  At  this  time,  hciv^ever,  the  lliiid  is  really  hypnit^olunic  to  the  nnn-ditTiiisible 
con^tituenLa  of  the  cells  and  blood,  so  that  it  would  be  eventually  absorbed,  by  the  oper- 
ation of  iwmnsis  iilonc.  The  osmotic  abvorptlon,  for  instance  from  the  (>erilii[ifum,  is 
quickened  if  ihe  body  fluids  are  rendered  hyperosmotic,  aNby  nephrectomy,  or  ligation  of 
tne  renal  vessel*,  or  indeed  by  operations  generally,  or  by  cnincphrin,  EUierization 
done  docs  not  afTect  the  osmotic  auM>rplion.  CafEein  lessens  it  in  normal  animals,  but 
ittcreases  it  after  nephrectomy  (I'lcisher  and  T-.  I,.ocb,  iqio), 

Ordinarily,  howe\'er,  the  osmotic  absorption  is  very  slow  after  the  solution  has  be- 
istimoli-cular;  and  other  factors  intcr^'cne  lo  hapten  the  procejis.  Of  these  fil- 
_  m  and  imbibition  arc  the  most  important.  The  Jiitr<Uion  prtssurc  is  turnishe<l 
C^Kcially  by  muscular,  respiratory,  and  peristaltic  movement.  The  Intraperitoneal 
pressure  amounts  to  2  to  35  mm.  of  water  (H.  Emerson,  1Q07).  It  may  be  increased 
by  massage. 

ImbihtlioH  in  Ahsorpiion. — The  term  ^'imbibition"  is  applied  to  the  (amiliar  phc- 
OomcnoD  of  the  swelling  of  pieces  of  glue.  Kclatin.  aRar,  tissut-s,  and  other  f  nllnid  gels, 
wlicQ  these  are  placed  into  solutions  (F,  Hofmeister,  1&90  and  1891).     I*hi3  process  is 
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quitc  distinct  (rom  usmosis,  although  iHith  may  nkc  plAcc  side  by  &klc.  Lmbtbitioa  n 
prubably  analiiKoUs  Lo  adsurptian. 

Hainburger  has  lihovrn  that  when  a  solution  is  placed  in  a  gelatin  c>iuider,  and  thuu 
immcrteil  in  a  ciTCuliiting  current  uf  the  same  sciLution,  tlu-  ^tagaaut  (luid  in  the  cyfinder 
po-'^sc^  gradually  through  the  gcUiin  into  the  circulating  duid.  The  phenomefMO  u 
obviouMy  analogous  to  ibc  abiH)r]>tion  of  isotonic  &.'lj'iun!>  tram  seroui  cavities,  and 
helps  to  explain  the  latter,     llamburgcr  nin'^iderft  this  pr-Ktf»  an  imbibition  e (Trcl. 

Many  phyiJolopists.  consider  that  vital  forces  also  coOpcrate  in  ihe  absorption;  tbe 
possibility  of  this  can  tioi  bi-  Ji-ntcd;  but  there  is  scarcely  any  positive  proof  in  iti 
support;  if  it  ptays  any  rAle,  thi«  m^*x  be  quite  uibftidian'. 

Ahaarption  oj  rffusums  or  serum  /rom  irrous  capttUs:  In  this,  the  cotiperalion  of  a»- 
mosis  ii  almost  excluded,  for  thcM  contain  non-difTusible  protein  constituents,  as  wett  as 
the  tissues.  However,  the  proteins  of  these  lluidii  tend  to  bn^  down  cuoslanUy  into 
more  diffu-iible  moU-iriilcs  (as  shown  by  the  fact  that  exudates  generally  depress  the 
frcenng-poinl  somewhat  more  than  docs  the  blood}.  O&mosU  therefore  plays  a  part, 
but  thi-.  must  hi-  relatively  small.  The  erislence  of  prvUeins  also  limits  the  operation  of 
imbibition,  for  priii(>ins  are  not  imbibed  by  colloids.  This  leaves  filtration  as  the  main 
factor  in  tbe  absorption  of  protein-containing  fluids.  Tbe  abtorptioa  of  these  liquids 
Is  consequently  a  much  slower  process  than  that  of  sail  solutions. 

Absorption  from  the.  Alimentary  Canal. — This  is  probably  even  more 
dependent  upun  ftirci-:;  ulhcr  than  the  osmosis  than  is  absorption  from 
serous  cavities. 

Filtration  aided  by  the  inlmintestinal  pressure  is  an  important  aid  (Homburger). 
There  are  also  nihcr  processes,  ill-understood:  Thus  if  an  excised  and  nurvtving  intestine 
is  immersed  in  a  solution,  a  passage  of  (luid  takes  place  fromthclumen  tothesurroundiil( 
Quid,  even  when  the  two  fluids  are  identical  (Cobnhcim,  tSg^).  Hamburger,  1006, 
attributes  this  to  imbibition,  and  finds  that  even  the  dead  intestine  b  difierently  per- 
meable in  the  two  directions.  Si^MJium  sulphate,  for  instance,  passes  much  more  readily 
from  the  lumen  to  the  exterior  than  in  the  reverse  direction.  He  has  also  demoo- 
slrated  a  "polarity"  of  al)isuq>tii>n  in  artificial  membranes,  in  which  the  two  surfacei 
have  a  different  composition.  The  ditTusioa  throuffh  excised  intestine  is  markedly  infla- 
cnccd  by  salicylates  and  some  other  substances  (Hanzlik,  igt:r).  The  absorption  of 
ions  from  the  excised  intestine  has  been  iavestit;ated  bv  Dcnedicenti,  IQ06,  and  by  lloe- 
her,  r903.  The  latter  found  the  anion  scries,  Cl>Br>  1>  NO(>SO«.  Upt^ytic 
substances  (short  of  the  narcotic  concentration)  are  absfirlieil  more  readily  than  nnn- 
tipoid  solutes.  From  analo(;y  wiUi  dyes,  Hoeber  assumes  thai  the  lipolytic  are  absorbed 
through  the  cells,  and  that  tbe  absorption  of  non-lipoids  is  confinca  to  the  tnterccllulsr 
substance. 

Brodie  and  Vogt,  iQio,  showed  that  the  oxygca-consumption  of  the  intestines  is 
increased  during  the  al>soqiti»n  of  normal  saline,  water  and  peptone  solutions;  (ndicmt- 
ing  that  the  cells  also  plav  an  active  part  in  the  process. 

Ahsiir ptiim  Cnrvr. — ifanxlik  unrt  Sollmann  (iqoo  to  1913)  have  fouiMi  that  the 
absorption  of  phenol,  alcohol,  iodid  and  presumably  other  substances  from  intestinal 
loons  follows  a  uniform  curve,  the  rate  being  ver>'  rapid  for  the  fir^t  ten  to  thirty  mtauteS, 
ana  then  ver>-  much  flowed.  Various  factors  seem  to  be  concerned  In  this  phenomrnott. 
The  rale  of  absorption,  under  these  conditions,  ts  not  greatly  influenced  by  the  concco- 
tration  of  the  solution  or  by  the  extent  of  the  intestinal  surface. 

Importance  of  Osmotic  Exchanges  in  the  Intestine. — Osmosis  has  at  least 
a  modifying  influence  on  intestinal  absorption.  The  time  during  which  the 
fo™l  remains  in  the  alimentary  canal  is  ample  to  effect  osmotic  exchanf];es 
between  the  intestinal  contents  and  the  blood.  An  isotonic  condition 
becomes  established  quite  promptly  (but  is  not  completed  in  the  tlomach; 
E.  Otto,  1905). 

This  rquiilization,  with  the  absorbable  salts,  is  mainly  in  the  direction  to 
fadlitate  absorption:  hj'perisotonic  solutions  being  rendered  isotonic 
rather  by  iheabsurptionuf  salt  than  bythepouringout  of  fluid; while hv'po* 
isotonic  solutions  arc  rendered  isotonic  by  tbe  absorption  of  their  water. 
(In  other  situations  than  the  aHmeniary  canal,  the  equaUfation  takes- 
place  more  uniformly  tn  both  directions.) 

These  changes  result  in  corresjwnding  alterations  in  the  conapositj 
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of  the  cells  of  the  gastric  and  intestinal  mucosa,  which  are  therefore  also 
subjected  to  osmotic  salt  action.  This  causes  irritation.  When  the 
irrilatiun  is  mild,  it  increases  secretion,  absorption,  and  peristalsis.  More 
severe  grades  of  irritation,  however,  produce  emesis  and  inilanimation. 

Salts  which  arc  not  absorbable  by  the  Intestine  (cathartic  salts)  are 
reduced  to  isotonic  conditions  by  the  absorption  uf  fluid.  This  fluid  is 
retained  in  the  intestine  with  the  salts,  increasing  the  bulk  and  fluidity  of 
the  intestinal  contents,  and  serx-ing  as  a  mechaiiical  stimulus  to  peii- 

•  stalsis.     This  explains  largely  the  cathartic  effects  of  these  salts. 
Molecular  Ccncailraticn  of  Gatlrit  Juice. — L'arliwn,  1915,  found  Ihc  (reeztng-poiiil 
of  narnuJ  human  "appciitc  juice"  a«  —0.5s  to  0.62;  Uuit  of  hunger  juice  &s  —0-47  to 
asi.     Similar  results  were  obtained  with  liogs. 

Osmotic  Effects  on  the  Blood  and  Lymph.— Fate  of  Salt  Solutions 
Within  the  Body. — In  whatever  concentraUon  and  by  whatever  channels 
salts  arc  introduced  into  the  body,  ihcy  will  tend  to  increase  the  quantity 
0/ blood,  or  rather  of  plasma;  and  to  render  it  more  watery  and  less  viscid; 
in  other  words,  to  produce  hydrcmk  plethora.  If  isotonic  or  bypuisotonic 
solutions  are  introduced,  they  will  dilute  the  blood  by  their  own  fluid;  if 
hj-pertonic  solutions  are  injected,  the  blood  will  draw  fluid  from  the  tissues 
until  it  has  resumed  its  original  concentration.  The  result  will  be  hy- 
dremia in  either  case.  If  anisotonic  sohttiofis  are  introduced,  they  will 
temporarily  alter  the  molecular  concentration  of  the  plasma. 

However,  the  blood  possesses  a  rentnrkuble  power  of  resuming  its  nontuU 
condition,  its  total  molecviar  cottcentrat'ion.  ratio  of  individual  constituents, 
ratio  of  corpuscles  to  plasma,  and  total  quantity  (in  about  this  order).  This 
process  of  restitution  takes  place  very  rapidly;  it  is  far  advanced  before  a 
quick  intravenous  injection  can  be  completed;  the  molecular  concentration 
returns  to  very  near  normal  within  ten  minutes;  the  quantity  of  blood  and 
individual  constituents  are  restored  somewhat  more  slowly;  but  they  are 
almost  normal  in  half  an  hour;  after  two  hours,  the  blood  presents  only 
very  slight  abnormalities,  even  when  very  large  injections  have  been  made* 

t  (Magnus,  1901;  Sollmann,  1901).  , 
The  Mai  tiu)tecular  cmeentraiion  is  the  bnl  factor  to  be  itrsturcd;  this  is  aLTompUshed 
mainly  by  the  |>assagc  of  the  dissolved  molecules:  It  a  hyprri-ioionU  solution  is  injected, 
the  injected  molecules  lca\e  the  blood  vcr>-  rapidly.  Other  molecules  leave  more  slowly, 
anil  water  is  taken  up  into  the  bUHid.  .\s  soon  as  the  normal  molecular  concenlralion  is 
rcHored.  the  phenomena  become  identical  with  those  following  the  injection  of  isotoaic 

ftolutions. 
If  a  kypoiictenic  solution  is  Injected,  the  principal  phenomenon  at  firat  is  the  pauage 
of  molecules  Into  the  blomi,  the  injected  molecules  le-aving  the  plu^ma  very  slowiy.     The 
water  also  leaves  only  gr;idually,  i.e.,  mostly  after  the  normal  concentration  has  been 
(etched;  and  then  by  the  >ome  process  as  with  isotonic  ^oluliol^s. 

If  an  isi>lanic  soltition  of  a  single  SAlt  (Midium  cblorid  or  sulphate)  is  injected,  both 
the  fluid  and  the  injected  molecules  leave  the  tirculatiun;  the  motccules  somewhat  more 
l^idly.  At  the  same  time,  other  molecules  enter  the  drirulalion.  This  process  con- 
tiDUcs  (for  about  two  hours],  until  the  original  quantity  of  blood  and  its  original  com- 
position have  been  practically  restored. 

Mechanism  of  Restoration. — The  restitution  of  the  blood  consists  in  a 
process  of  exchange  with  the  remainder  of  the  body.  There  can  be  no 
coubt  that  the  tissues  (especially  the  striated  muscle  cells.  Engels,  1904; 
Jappelli,  1906;  and  the  liver.  Sherrington  and  Copcman,  1S93;  Uschinsky, 
1905)  play  the  most  important  rdle  in  the  rapid  exchange  which  we  have 
so  far  described. 

With  intravenous  injections  of  hypertonic  solutions,  the  miuefrs  supply  most  of  the 
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wat«r,  and  take  up  a  laxie  put  of  tlie  silt;  although  their  salt  percentage  does  not  in- 
crcaiH!  as  mucli  as  that  ofsome  other  tis&ue^  (Wahlgren,  igog).  The  quantity  of  mate- 
rial of  which  tissues  can  (li.s(MMc,  withiiut  visilik^  rhanj;!.',  is  astonishingly  great.  In 
rabhus,  the  iksui^  may  take  up  Kinger'a  dilution  amounting  to  four  times  the  quantity 
ct  t!ic  blood  (Bogt-rt,  Unilcrhill  and  Alendd,  i()i6).  However,  very  large  iajccboas  ww 
^ve  rise  to  ascites,  cffu^ons,  etc. 

In.  addition  to  the  tissues,  the  lymph  and  urint  JUm  and  ail  the  stcre- 
tions  of  tilt  body  are  also  itKreased;  and  to  them  falls  the  task,  of  finally 
removing  the  injected  substances  from  the  tissues  out  of  the  body.  The 
tissues  act  the  part  of  elastic  reservoirs,  as  it  were,  quickly  relieving  the 
blood  of  the  disturbing  element,  to  again  give  up  (he  abnormal  substances 
as  rapidly  as  they  can  be  removed  by  the  more  slowly  acting  exciietory 
mechanisms. 

Physical  processes,  notably  osmosis  and  filtration,  play  a  verj*  impor- 
tant part  in  the  exchange  with  the  tissues,  and  in  the  increased  lymph 
60W.  Indeed,  it  is  scarcely  necessari.'  to  invoke  any  vital  mechanism  tor 
their  explanation. 

Conditions  Delaying  the  ReBtoration  of  the  Blood-volume. — Bn^^rt,  I'nHcrhill  and 

Mcndol.  lotd,  cuntirm  that  in  nonnul  di.>|^  and  rabhit>,  the  blood-volume  rclum»  t» 
normal  within  halt  an  huur  after  the  intravenous  injtrclion  of  narin  Ringer's  tluid, 
equivalent  to  the  total  bluod- volume.  This  i»  dcltiycd  by  morphin,  and  by  nephritis 
(uraniuTn,  chFumulc  ur  tartrate^  but  not  by  Ugatimiiif  the  kidney  vessels.  The  rr-^lnrs- 
Uon  is  not  affected  by  the  addition  of  0.4  per  cent  sodium  carbonate,  cither  in  normal 
or  in  nephritic  animals.  Oclatin  M>lutiQn<>  (1  per  cent.  I  may  leave  the  tji'tod  as  rapidly 
as  plain  •valine,  although  more  commonly  from  1 1  to  j;  tkt  rent,  are  slill  present  in  the 
blood  after  half  an  hour.  I'he  (iclatin  leave*  the  blooo  in  the  same  ratio  as  the  fluid 
(Boycotl,  H)i.(1  anrl  is  [Kirlly  cxcrelciJ  in  the  urine. 

Salt-actions  on  the  Urine. — The  hydremic  plethora  results  in  an  in- 
creased elimination  of  urine.  The  excretion  of  water  and  the  injected 
substance  is  especially  increased.  The  other  minary  constituents  are  gen- 
erally decreased,  as  concerns  their  percentage;  although  their  abf^luce 
quantity  may  be  increased.  (The  saline  diuresis  would  therefore  result 
■in  a  "  flushing  of  the  body.") 

The  diun^tic  actiim  of  valine  solutions  is  largely  physical,  and  can  be  reptDducad 
point  for  |)oint  in  dead  Icidney^  iSultmann,  1903  to  19051  (except  the  etlect  00  the  com- 
puVninn  of  the  urine),  tl  is  explained  by  the  hydremic  plethora;  the  incrraaed  glomer- 
ular pressure,  and  the  les^^cned  viridity  of  the  blood.  This  i^  aided,  in  the  ca««  of 
hypcrijotonic  solutitin^.  by  the  dehydraliun  nud  ^lirinkage  of  the  renal  cells.  All  these 
pn>ces.svs  favor  glomL-ruliir  I'diration. 

The  ph>-sical  element  in  the  diiirot*  is  especially  conspicuous  in  the  early  penods 
of  the  diuresis,  when  the  changes  in  the  bhunlare  reUlivdy  large. 

It  has  been  observed,  imwcver.  that  the  urinory  changes  may  persist,  in  a  v'iifht  -Ip- 
gree,  after  the  Hoik!  U^s  up|iarcDtly  returned  Ui  normal.     This  suggests  the  1 

of  a  vital  filimulation.  produced  by  the  (ver>'  slightly)  altered  compoMtion  ■■!  ■  j 

Tlw  finueHlmiian  of  thr  urine  varies  with  the  ronceiilration  of  the  solutian  Mbivii  t^as 
been  iniruduccd:  it  may  fall  asi  low  a.s  .^o.t3.  or  ri-c  as  high  as  Ajo^C  On  the  MhUe. 
the  com[M)siliun  of  the  urine  approaches  the  mure  closely  to  that  of  the  bluod,  thr  faster 
the  diuresis. 

The  ilr^rff  of  diure:<is  (the  lotalquantity  exerted)  depends  largely  on  th- —  -  'v 

of  solution  (both  of  the  dis.«ilved  substance  and  of  the  water)  which  ha.*-  1 
duccd;  hut  the  rale  u(  diurcsi.s  (the  (Quantity  excreted  within  a  short  timi  -tfi- 
depends  largely  on  the  couccntration  of  the  ^>lulion,  if  this  i«  gi«  r 
(water,  which  Ls  so  strongly  diuretic  when  taken  by  rrtouth,  may  dici 
when  injected  by  a  vein). 

FlM^^her  and  Sykes,  iQi  j,  claim  that  the  diuretic  cilect  of  intravennu«  wUn*  lec- 
tions is  pniportional  to  their  dehydmting  action  on  colloidii  f(ibrln).  T  t  <  IcAicB 
the  afVtnity  of  the  tissues  for  water,  and  woiihl  Ihriefore  place  a  tariff  i  0utfl 
at  the  di5.potial  of  the  kidneys.  It  may  be  an  additional  factor  in  ta^nL  uibjir^us,  but 
requires  further  con6rmation. 
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In  the  ordinary  secrrlion  of  urine,  osroosu  appears  to  be  »n  obslade.  ralhrr  than  ao 

I  Bid;  for  the  molecular  coacentraUun  of  urine  differs  quite  widely  from  that  of  the  blood 
(^  urine,  ordtHarily,  o.glc  j.i;  txtrcmcs,  o.ii  to  5.0;  ^  blood,  0.55  to  0.60);  and  the  kid- 
ney ha>  to  perform  a  verj-  lun-idemlilc  latior  to  overcome  the  difference  in  osmotic 
pre^ure.  However,  thi->  work  ^eem^  to  be  iti  no  way  injurious. 
Work  Perfonned  in  Urine-fonnation.^This  cannot  l>e  ailculalcd  directly  from  the 
total  molecular  concentration,  since  the  departure  of  every  constilutenl  from  it*  con- 
centration in  the  blood  rcauircs  work.  Btircrofl  and  his  cuwork(.-n>  Imve  investigated 
the  problem  qiialitativdy  ny  the  incrt-asc  of  oxygen  ciin-iumption  which  accompanies 
work.  They  found  that  the  diuresi^i  following  the  injection  of  isotonic  solutions  does 
not  involve  wiirU;  hm  that  tlie  n\ygeii  cunsumption  Increasra  when  hj-pcrtunic  urines 
are  sccreicvl  in  re-.txinsc  to  sulphate  injection.  Calleinc  diuresis  also  involved  work. 
Lymph  Formation. — This  \i  increa^Kd  by  the  hydremic  plethora;  but  beyond  this, 
osmusii^  can  play  only  a  regulating  riMe.  The  Iiytlrcniic  plethora  would  iiicreaKe  the 
BItration  pressure.  This  probably  plays  a  Urge  part  in  the  incrcasfd  lymph  formation, 
aUhoUKh  filtration  does  not  ^eem  to  he  an  udcquale  expluaattuii  uf  nortiuU  lymph 
funnaium  (Carlwn  and  pupils,  1908;  Bochm  and  Ashcr.  190Q). 

»Asher.  1913,  p«>inlsout  that  filtration  can  nr>t  bean  important  factor  in  the  secretion 
ol  talKii.  su'rat  and  W/c,  since  the  sccretinn  pressure  exceeds  the  blood  pressure.  The 
ph>*8ical-chemical  conditions  of  salivary  secretion  have  been  investigated  by  Japclli, 
1406;  tbo^e  of  tears  and  collyria  by  Cerrano,  1901;. 

Edema.  Salt  action,  osmosis,  and  colloid  imbibition  arc  importanl 
factors  in  cdcina,  i.e.,  the  excessive  acctiinulaiion  and  relenlion  o(  fltiid 
within  and  between  the  cells. 

The  cdcnrn  fluid  \&  analogous  to  lymph,  and  may  therefore  be  increase*!  by  the  same 

'  laeocies  which  increase  lymph  llww:  hydremic  pleUinra;  lymphaRogucs  of  the  "second 

'  da^"  (peptones,  etc.);  Increased  blood  oresaurc;  venous  obstruction;  injiir>'  to  the  vas- 

tular  endiithetium,  etc.     However,  for  Ine  relenlion  of  fluid  it  is  furilier  nt-oessary  that 

>tbe  drainage  of  the  lymph  be  obstructed;  or  that  there  be  an  increa^Hl  aihnity  of  the 

tiwues  fur  culloids)  for  fluid.     In  fact,  the  cooperation  of  several  of  llie<.e  facturs  13 

[^nerally  necessary  for  the  profiuction  of  noticeable  edemas.     ICxperi mental  etlemas, 

rie»cmbhng  the  clinical,  require  the  simultaneous  presence  of  nephritis,  hydremic  plcth- 

f^ira  and  va^'ular  injury  (Fearce,  1009).     F-xtensive  intravenous  injeclions  of  sail  solu- 

tktiu  produce  ascites  and  edema  of  the  internal  organs,  but  not  01  the  normal  skin  or 

'flubcuLaneou»  tissue.     To  effect  lliese,  the  skin  must  be  irritated  (Cohnheim  and  Lich- 

theim,  1^77);  or  the  vesseU  injured,  a«  by  arsenic  (Ma^us)  or  uranium. 

Strrmal  Viiriah/ynt  of  the  IVuler  Conlenl  of  jTtjjwj.— These  depend  mainly  on  age 
and  nuiriiioD.  The  averaRe  water  of  human  tissues  decreases  from  94  per  cent,  in  the 
thrce-mLinth  fetus,  to  69  to  (yb  percent,  at  birth,  and  s^  percent,  in  adults.  It  is  higher 
in  emaciation,  varj-ing  inversely  to  the  fat  (,\Jbu  ami  Neubcrg,  locrfj). 

Salis  and  ICJfma.  ■  ~  KiIu.sions  of  a  molecular  concentration  inferior  to  that  of  the  blood 

lirould  be  promptly  absorltcd;  or  rather,  they  could  not  be  formed.     Since  they,  like 

pother  body  fluids,  owe  their  concentration  mainly  to  their  content  of  sodium  chlorid, 

|l  is  eviilent  that  a  deficienry  of  this  sill  in  the  txtdy  nitl  tend  to  lessen  the  production 

(of  efiusions,  and  hasten  iheir  absorption.     This  is  the  rational  basis  of  the  treatment  of 

[pephritic  edemas  by  withholding  salt  from  the  food  (advocaU-d  by  Wirlal  iuid  Javal, 

I90j>.     The  treatment  i<  tu>i  ill  ways  entirely  successful  (Illooker,  [909),  for  the  s;lU  may 

Jibe  the  cause  of  the  edemas,  but  only  iv  factor  In  their  production.     It  is  bclicvctf, 

Bver,   that  an  actual  ^It  relentiun  occurs  in  some  tj^ics  of  nephritis  [espfrially 

^hmnic  interstitial)  and  otlier  conditions  (Magnus  Levy,  19 to),  owing  to  dimini.shcd 

crmcability  of  the  kidney  to  salts.     These  would  be  most  favorably  affected  by  salt- 

'rannl.     In  other  rases,  the  efTiisions  are  removed  more  effectively  by  lulmintsler- 

iIls,  through  tlicir  diuretic  acti-m.     Actual  trial  alune  can  decide  which  form  of 

"Treatment  is  needed  tn  a  given  patient.     The  salt-poor  diets  are  discussed  under  "So* 

dium  Chlorid." 

^  CoUoids  and  Eilema.^MaTlin  Fischer  (1908  to  igij)  Iielieves  that  the 
Bdrculalion  has  little  if  any  tlireel  connection  with  edema;  but  that  this  is 
Vdtic  practically  entirely  lo  changes  in  llic  aflTinity  of  ihc  tissue  colloids  for 
™  water  and  salts,  and  slrictly  analogous  to  the  swelling  of  gelatin  or  fibrin. 

Tins  is  moflified  to  a  varying  degree  by  electrolytes  ;  not  by  noo-elcctrol^'tes.  It 
UtipccUlly  increased  by  acids;  and  the  production  or  accumulation  of  acid,  including 
C0|  in  innammatioQ,  venous  ato^is,  etc,  would  therefore  be  the  principal  cause  of 
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edenui  (uid  the  concomitant  salt  retention),  nod  incidentally  of  nef^nitb.  Fiscbe^^rs 
ii  alio  incUoed  to  deny  ibat  osmosis  has  any  part  iti  ihe^e  nr  olber  mUJ  pbenooncsusf  1 
and  to  refer  to  imiubitioo  all  the  pbeoomena  which  arc  generjUly  classed  as  osmotic. 

The  influcnLc  uf  acids  and  clectrolyLcs  on  imbibition  can  not  bc^^v 
doubted.  It  is  therefore  very  prababic  that  imbibition  plays  an  impur —  Pl- 
iant rdle  along  with  other  factors;  but  serious  objections  have  been  raisedKz^-d 
to  some  of  Fischer's  experiments  and  deductions.  It  would  require  muchK:X-=h 
stronger  evidence  to  place  such  sweeping  statements  on  a  firm  foundation. 


Fischer'^  Ihi-ory  fails  tu  explain  the  close  renemblimce  of  some  of  the  vital  and  ordi —  2.Si- 
nary  osmotic  phenomena;  /.i.,  the  equivalent  effects  of  isotonic  solutions;  the  semiper —  m.  -ff- 
meability  of  blood  crIU  and  striped  muscle,  etc.;  the  fact  that  these  pbcnumciu  are  ootV-^^Mt 
roodific<l  seriously  by  the  addition  of  ^t^lutin  or  serum  fBeulner,  igi,i),  etc.  The  ab —  ^"^ 
sorption  of  water  by  the  skin  of  the  froR  is  shown  by  Maxwell,  iqi,i,  to  be  mainly  osmotic— 
Beutner,  1913,  and  Moi>rc,  1915,  point  out  the  differences  between  iwmolic  and  cotloid 
swelling  of  muscle.     J.  I-och,  lOM.  helieves  that  the  oMnottc  proce«es  predominate  v.  _  _ 

greatly  during  life  that  imbibition  docs  not  become  important  until  the  semipcrmcabdlityv^^^^ 
of  the  cell  ha*  been  destroyed  by  death. 

The  increase  of  Jree  acid,  on  which  Ftscbcr  bases  hts  theoiy  of  edema  and  oephtit 
is  only  hyiMitbeticnl.     Henderson  and  pupiU,   1014,  emphauze  that  tendency  tow 
acidity  in  the  organism  is  not  usually  accompanied  by  edema;  while  the  acidity  ol 
urine  has  no  relution  to  albumiuuria  or  nephritis.     There  is  no  direct  cvidmce  that 
free  acidity  is  ever  increased  to  an  effective  degree  duriztK  life  (Goodridgc  and  Giet,  ..J 
191 1).     Koppci,  IQ13,  and  L.  J.  Hcmlcrsor,  Palmer  and  N'wbursh.  igt*,  potot  out 
that  the  ranse  of  variation  of  II -ion -concent ration,  even  in  the  urine,  does  not  afiect 
colloid  imbibition.     Kvcn  if  it  were  grunted  thut  this  may  occur  in  :wime  cases,  there  is 
no  evidence  that  it  is  a  univer<ial  or  important  phenomena;  nor  would  the  results  ft 
such  acidity  be  uniform;  for  Pincussohn,  1913,  found  that  acids,  while  they  increase 
the  imbibition  of  gelatin  and  musrle,  lessen  tb.-it  of  kidne)'%  liver,  spleen  and  hjn(. 
Uirschfcldcr.  1916,  linds  that  the  conjunctiva  in  mustard  edema  is  not  acid;  nor  dors  the 
excised  cvflid  or  conjuntliva  swi-l!  in  acid  RinRcr's  lluid.     Incidentally,  there  are  aces' 
des  other  than  acids  which  influence  imbibition.  /-  ("-.  proteosci  (Tracy  and  Cies,  iqia}. 
The  effects  ol  inflammation  may  aUo  be  explainable  on  an  enlierfy  different  basis. 
Oswald,  tQTi,  found  Ihat  inflamed  celU  become  |>erineal>le  to  colloids  (protrinc;,  cs- 
pecially  in  acute  inflammation.    He  explains  this  by  increased  "Quellung"  ul  the  rdl 
membrane. 

The  practical  application  of  Fischer's  theories  to  glaucoma  and  nephrids,  has  giva 
result»  50  discordant  that  they  are  certainly  not  supports  of  Ihc  theory. 


CATHARTIC  SALTS 

General  Statement. — A  number  of  salts  are  not  absorbed  readily  from 
the  alimentary  canal.  These  therefore  do  not  produce  any  marked 
direct  systemic  actions,  unless  they  are  injected  into  the  circulation. 
When  they  are  given  by  the  mouth,  their  direct  action  is  confined  to  the 
intestine;  they  cause  catharsis  with  soft  or  fluid,  painless  stools.  Through 
the  catharsis  they  may  produce,  indirectly,  a  drying  of  the  tissues  and  ft 
slight  increase  of  gaseous  metabolism.  The  cathartic  action  is  mainly 
the  result  of  the  retention  of  fluid  in  the  intestine  by  the  osmotic  action  « 
the  unabsorbed  salt,  for  this  must  retain  sufficient  fluid  to  preserve  itself 
isotonic  with  the  blood  (Wallace  and  Cushny,  1898).  It  is  possible  that 
this  action  is  supported  by  a  direct  stimulant  effect  of  the  salt  ions. 

Difficultly  Absorbable  Ions. — The  most  important  cathartic  ions  aie: 
of  the  calhions,  Mg;  of  the  inorganic  anions,  SO4  and  PO*:  of  the  organic, 
tartrates,  citrates,  lactates  and  malalcs.  Certain  sugars,  partlculariy 
milk-sugar,  and  mannite,  also  act  as  cathartics  in  the  same  way. 

Many  other  solutes  arc  diff'icultiy  abwrbable  and  woukl  therefore  bdoag  to  thb 
class;  hut  thofte  nametl  are  the  prinri|ial  \tntn  employed  in  practice.     The  olfaon  Mie»- 
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y  hive  some  interfering  factors:  The  heavy  met^th  iLnd  alum  produce  a  precipitation 
vt  proteins,  and  in  this  way  an  irritant  or  astringent  cScct.  The  c&rthy  mctal»,  Ca,  Sr, 
Ba,  arc  converted  Into  insoluble  carbnnutcs.  Oxalates  and  Fluorids  arc  !.pecifically 
loxic  to  protoplasm. 

I  Easily  Absorbable  Ions. — Of  the  Cathions,  ammonium  is  the  most 
readily  absorbed;  ihen  come  the  alkali  mt-tals.  The  earthy  metals  are 
not  easily  absorbable.    Of    the    .1  nions,    the   chlorids,    bromids,   iodids, 

jOBitrates  and  acetates  arc  rapidly  absorbed. 

'  CauM  of  Dlflereot  AbsorbabiUty.— Why  certain  ion&  should  be  capable  of  abBorp- 
tion,  others  not,  can  not  be  satisfactorily  exulained.  AlthuuRh  recent  investigations 
have  shown  some  slrikinR  anulogica  between  trie  absiorplinn  of  ions  by  the  intestine  and 
by  muscle,  and  (he  <uilub(liiy  v(  their  >»>nps  and  calcium  iialt!!,  it  in  not  yet  rlenr  whether 
this  is  a  mere  coincidence  or  has  a  deeper  meaning- 

Osmotic  Factor  in  Cathartic  Action. — PoiM^uiHe,  1R3A,  invoked  ovriums  to  explain 
the  cathartic  clTcct,  not  only  of  the  &alu,  but  also  of  the  vegetable  purgatives.  This 
was  mainly  h>']nithctical;and  .Vubcrt,  1S51,  showed  that  there  isnodinn't  mlio  between 
the  osmotic  and  purgative  strength  of  the  different  salts  (since  the  absorbability  was 
not  taken  into  account).  Buchheim,  1S54,  claimed  that  the  increased  water  in  saline 
catharsis  comes  from  Ihe  .T.limen1.T.ry  can.iJ,  and  not  from  the  blood.  Colin,  1R34, 
slK'wed  that  concentrated  solutions  of  cathartic  salts  increase  in  volume  when  placed 
ia  an  intestinal  liKip.  It  wa»  clear  therefore  that  the  salts  could  either  attract  nr  hi>ld 
water  in  the  intestines.  Wallace  and  Cushny,  i8g8,  demonstrated  cocctusivcly  that 
saline  buttons  placed  in  the  intestines  become  and  remain  isotonic  with  thu  blood; 
uid  that  therefore  the  amount  of  fluid  held  in  the  iotcstincs  depends  stricUy  on  the 

^muUDt  of  salt  which  remains  unabsorbcd . 

C&nditions  of  Absorption.-^isonv  of  the  catliartit:  salts  are  altogetlier 
unabsorbablc;  thvir  absorption  is  favored  and  their  cathartic  action 
correspondingly  lessened,  if  they  remain  for  a  long  time  in  the  alimentary 
canal.  This  is  apt  to  occur  if  the  tissues  are  ver)'  dry.  The  rate  of  ab- 
sory)tJon  depends  also  on  the  conccnlrativn  of  the  salt:  Concentrated  solu- 
tions are  generally  absorbed  more  readily  titan  dilute.  This  is  one  cause 
of  the  somewhat  different  activity  of  dilute  and  strong  solutions. 

The  cflcct  of  concentradon  on  absorption  has  been  studied  by  JMiCrck,  1906;  Weise, 
1911;  atKl  Cobet,  11)13.  Wcisc  showed  that  the  sulfihalcs  become  J^olLmic  within  half 
an  hour.  The  sulphate  ion  is  absorbed  in  the  same  proportion  from  Nai  and  MsSU*. 
The  percentage  nf  Mr  absorljed  incresM^s  with  the  dose.  TTie  upper  and  lower  intes- 
tines  do  not  f<how  es&ential  difTerences. 

Matthew  Hay,  tS8j,  fuund  the  cathartic  actiun  of  sall»  less  extensive  if  the  income 
ot  fluid  is  restricted;  and  that  the  activity  is  not  increai^ei)  by  the  injection  of  water 
:to  the  blood. 


Sotirce  of  the  Fluid  in  the  Stools.— The  ordinary  inge.'iLiou  of  water  and 
the  quantity  of  fluid  normally  secreted  into  the  intestines  (perhaps  4 
liters  daily)  would  suffice  to  maintain  the  salts  isotonic;  and  these  are  prob- 
ably the  chief  wjurce  of  the  water  of  the  stools.  Should  these  be  insuffi- 
cient, especially  if  the  salts  are  given  in  strong  solutions,  fluid  could  be 
withdrawn  by  osmosis  directly  from  the  mucous  membrane,  and  hence 
from  the  blood.     Ordinarily,  however,  this  plays  only  a  small  part. 

Passaic  Through  Intestines.— 'V\ih  is  hastened  by  the  greater  fluidity 
of  the  stools;  but  the  cathartic  sails  do  not  increase  peristalsis  directly 
UUgros,  1869;  Hay,  1883}. 

P  Studies  with  the  X-ray  method  (Padtberg,  1909)  show  that  MgSOi  delays  the  empty- 
ing of  the  stomach,  but  hastens  the  passage  throuRh  the  intestines,  so  that  the  solution 
arrives  in  the  colon  in  one  and  one-half  to  two  hours.  The  colon  antiperistalsis  is  not 
inhibited;  but  it  docs  not  lead  to  the  concentration  of  the  nintents,  because  of  the  os- 
motic retention.  The  fecal  matters  in  the  colon  arc  therefore  rendered  more  fluid, 
this  hastens  their  expulsion.  The  saline  catharsis  is  not  checked  by  raorphin, 
this  is  timed  so  as  to  secure  gastric  retention  of  the  salts. 
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Otiier  The<M*ies.— In  place  of  osmosis,  a  number  of  other  factors  h^t-'''^ 
been  suggested,  such  as  inflammalory  irritation,  stimulation  of  inlesti*:^^ 
secrclioii,  and  muscular  stimulation  by  osmosis,  ion  action,  or  by  ^c3« 
withdrawal  of  calcium.  None  of  these  rest  on  adequate  evidence,  a — —^^ 
they  probably  play  at  most  a  minor  part. 

Secretion  Theory. — This  wsis  Fiitlifrcd  t-specially  by  M.  Hay,  1883.  whi»  did  cxcdl^^  *^^ 
cx|)t-rimt:iUAl  wiirk  on  the  cilhartic^.  Hv  belicveit  that  the  ^alu  rxi  iic  a  ^irrli<j&  _^^  <^ 
Suid  inlu  (he  iuU-atiinrj,  wliich  h  pardy  bulaaccd  by  ainurpliun.  Ho«Tvcr.  bis  cipc^^^***" 
menial  results  are  exuUunablc  mure  simply  <m  the  l>asis  of  osmtwi?*. 

HeadUad,  iHf>7,  believed  that  the  sialts  arc  lirsl  absorbed  but  rcCxcrcted  into  t^^J** 
intestine:!,  and  that  they  stimtitale  secretion  during  their  climinatitm;  bul  Thiiy.  iN^  '^^t 
had  found  no  secretion  m  hi<i  tifttula.  The  theory-  of  Carl  Schmidt,  1850,  that  the  du^^  ''^ 
h  a  transudutc,  is  without  ioundati'm.  

Uro<lic.  Culli?  and  Ilalliburlon,  igio,  showed  ihut  the  oxygen  coMUtnptirto  o(  t-^^"  '*' 
intefitines  i«  not  inrreased  by  h>'pcrtcmic  magnesium  sulphate,  »o  that  lu  dUolJaa  a\:-^^  -'°^ 
be  a  purely  physical  process. 

Intravenous  and  Hypodermic  Injection.— It  has  been  claimed  by  stvei — ^  '^ 
obserycrs  thai  the  cathartit  salts  siiniulalc  peristalsis  even  when  tiicy  a 
administered  pareuterally.     This  has  been  taken  as  evidence  of  dire» 
stiniulalion  of  the  intestinal  muscles.     However,  these  observations  seti 
lo  have  lieen  based  on  experimental  errors;  and  even  if  true,  liey  coul 
not  explain  the  ordinary  cathartic  effect,  since  this  does  not  involve  tmrM. 
marked  increase  of  peristalsis. 

Exporimental  Data  on  Parenteral  Administration. — Catharsis  was  reported  fri> ' 
iniravenDus,  h>'podermic  or  intramuMTular  injcclion  of  sodium  or  mainw^um  sulphu 
by  .Hubert;  Bcrnnrd,  185?;  Agiiihon;  and  more  recently  ^Y  J-  B-  MacCallum.  igoj 
ic>o6;  and  by  Bancroft,  lyo;.     Mo^t  obf^erveri,  however,  have  [aile<l  to  obtain  any  ii 
crease  uf  )>cridtaUi:i  and  cathanus  when  proper  precaution!)  were  tukcn  l<    ' 
exposure  and  asphyxia  fBuchheimund  Wagner;  Dondcrs;  Vulpian ;  Jolczet  aiul  ' 
Rabuicau;  Bert;  .\Ioreau;  ilay;  more  recently  Aucr,  1906  and  iqoS;  Mettzcr  anu  ,\uf  ■ 
igob;  Franket,  190;;  Mendvl  and  Ik-iifditt.  1909).     Joseph  and  \lellH:r,  1910,  foB 
indeed   with  a  rarcful  tcchnk,  that  intravenous  or  muscular  iiljcctioo  of  maj^nrau^' 
inhibitii  peri.staisl^ 

IfypoJcrmU  iHiffthn  ia  also  without  result,  except  when  made  under  the  abdaai 
Akin,  'I'he  success  in  this  case  n  entirely  reflex,  for  injectloiu  of  NaCt  or  Zn504  in 
region  are  also  cathartic  (Hay). 

Excised  Intestinea. — Tyrode,  igio,  found  that  tbc  application  al  the  | 

salts  to  the  prril9nf<tt  surface  depresses  pcfiitalsis.     He  also  claimed  that  they  ,■ 
[M;risi.ilsis  when  applied  to  the  tHM&iu  gurface.    Lmtr  ob*er\'eri  could  not  coonini 
stimulation  (dc  Hccr,  igti;  SoUmann]. 

Evidences  of  Irritant  Action. — While  the  main  effect  of  the  valine  cathartics  b  1 
motic.  it  is  quite  pDiiiiiblc  that  a  tnuiiculiir  stimulation  nuiy  occur  under  special  conditio 
F.i ,  Her/..  CiKik  and  SchlesinRcr,  ujoS,  ^Latf  that  dram  ditses  of  epsrtm  b&lt  may  cat 
watery  evacuations  within  an  hour.     Their  Huid  la  greater  than  could  t>c  explained  by-^J 
osmosis.     Morei^tver,  the  slo<t1>  ol  the  following  niorniri];,  which  contain  disliuctly  m^        '' 
of  the  salt,  had  a  norniAl  solid  consistency.     This  muscular  action  may  poaiiWy  bcdueto^=^' 
the  formation  of  the  irritant  sulphids;  or  to  neutralization  of  calcium. 


totcstioe.     Tbu  may 


Relation  to  Calcium. — Chiari,  igio,  suskcsU  that  the  preciiiilanl  effect  ofmost  of 

the  cathartic  ions  for  calcium  could  increase  the  excitability  of  the 
play  a  [wrt;  but  at  present  is  only  hj'polhetiad. 

Fate  of  the  Cathartic  Salts. — The  jiortion  which  is  not  absorbed  is  of 
course  eliminated  promptly  by  the/rrr.t.  The  other  salts  of  Lhc  feocs  are 
also  markedly  increased;  the  organic  matter  only  slightly  (Hay).  The 
sul[)hatcs  are  in  part  reduced  in  the  colon  to  sulphids,  whicli  give  thcii 
characteristic  odor  to  the  feces. 

After  absorption,  the  cathartic  ions  are  eliminated  largely  by  the  urine^ 
producing  a  diuretic  action.  The  urinary  excretion  is-  inverse  lo  the  pur- 
gative effect.     With  sotlium  sulphate,  une-Lliird  lo  unc-holf  of  the  excreted 
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sail  is  in  the  urine.  A  considerable  portion  of  the  sulphate  of  magnesium 
ay  be  retained  in  the  tissues,  the  excretion  extending  over  several  weeks 
uy;  Mendel  and  Benedict,  1909). 

Ditiretic  Action. — .MI  tlie  carthartic  anions  are  readily  excreted  by  the 
urine,  and  thi;rciore  act  as  saline  diuretics;  rather  more  enectively  than 
equivalent  amounts  of  sodium  chlorid.  However,  because  of  the  abstrac- 
tion of  water  by  the  feces,  the  urine  flow  is  generally  decreased  in  the 
first  twelve  hours;  it  is  then  increased  for  about  a  day  (Hay).  The  diuretic 
effect  is  proportional  to  the  quantity  of  the  salt  absorbed,  and  therefore 
verse  to  the  catharsis. 
Sodium  sulphate  diuresis  increases  the  gas  consumption  of  the  kidney 
iBainbridge  and  Evans,  1Q14). 

■  RoACtkm  of  Urine. — McSOi  markcilly  increases  the  ammonium  and  acidity  of  the 
urine;  N'ajSO.  and  MrO  decrease  the  acidity,  with  s-ubscqucnl  rclum  to  the  normal 
reaction  Me  JaRcr.  ion). 

CoDceotration  of  the  Blood. — Hay  found  that  this  is  incroaiicd  shortly  after  the 
administration  of  concentrated  but  not  of  dilute  solulidosof  cathartic  salts.  The  blood 
count  t'l'^^es  from  s>ooo,ooo  to  7.000,000  by  the  ab.'^traction  or  retention  of  fluid  in  the 
intestines.  It  retunu  to  normaL  nithin  four  hour?,  even  if  no  fluid  haa  been  taken.  :itnce 
the  saline  solution  b  gradually  ah«orbtd  fmm  the  intestim-s.  \V'hen  diuresis  sets  in,  the 
blood  count  again  rises  to  6,000,000;  and  this  even  if  the  ioll  has  been  taken  diluted. 
HetaboUno. — This  h  nut  measurably  increased  by  the  incrensod  perislaUts  of  saline 
^^ cathartics  (Benedict,  1014). 

^H  Temperature'. — Saline  cathartics  have  been  used  in  fevers,  for  their  supposed  "cool- 
^Hoc"  effect.  Ilay  found  no  reduction  of  the  internal  temperature^  but  believes  that  the 
^■sku)  iTuiy  be  coolcti  through  gplanchtiic  dilation.     This  is  somewhat  doubtful. 
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Therapeutic  Uses.^The  carthartic  salts  are  used  to  empty  the  intes- 
incs  in  constipation,  etc.;  and  to  remove  fluid  from  the  body  in  edemas, 
heir  introduction  is  of  comparatively  recent  dale  (Glauber,  about  1658). 
They  are  useful  and  effective  as  simple  cathartics,  especially  in  digestive 
disturbances,  and  against  occasional  constipation;  but  they  do  not  meet 
the  motor  deficiency  of  chronic  constipation  as  efliciently  as  the  cascara 
oup;  they  are  rather  unpleasant  to  the  patient;  they  seem  to  lose  in 
ffidency  on  continued  use;  and  they  are  not  very  effective  in  obstinate 
constipation  or  mechanical  obstruction.  As  hydragogue  cathartic  for  the 
removal  of  edemas,  the  absence  of  irritation  renders  them  generally  superior 
to  the  drastic  vegetable  cathartics;  their  diuretic  effect  is  a  further  aid. 

Administration  as  Laxatives.^For  this  purpose,  the  salts  should  be 
given  in  dilute  solutions  (teaspoon  to  tumbler;  or  as  the  natural  mineral 
waters — Carlsbad,  Hunyadi,  etc.),  since  the.sc  are  less  distasteful  and  act 
more  promptly  (one  to  four  hours).  The  laxative  dose  of  the  usual  salts 
is  5  to  10  Cm.  (i  to  2  drams).  (Larger  doses  are  supposed  to  accustom 
the  inlfslines  to  an  abn(jrm;il  type  of  peristalsis;  Bastfdo,  1914.)  They 
are  best  administered  before  breakfast,  to  hasten  their  passage  through 
the  stomach.  If  this  is  delayed,  they  arc  less  cfTicient  and  somewhat 
lant.  For  this  reason  they  should  be  avoided  with  bedridden  patients, 
r  with  these  the  passage  of  food  from  the  stomach  to  the  intestine  is  a 
rather  slow  one.  Some  exercise  is  always  useful  after  taking  salts,  and 
is  is  one  of  the  reasons  why  patients  receive  benefits  in  watering  places 
hich  they  fail  to  secure  at  home. 
Admioistration  in  Dropsy.  Large  doses  (15  to  30  Gm.,  }4  to  i  ounce) 
should  be  given  in  conteturated  solution  (.^2  tumbler),  also  l)cforc  break- 
tast.  The  concentrated  solutions  act  much  more  slowly  than  the  dilute 
but  Lhcy  remove  more  fluid  since  they  also  increase  diuresis.  These  coa- 
trated  solutions  are  also  employed  to  reduce  the  secretion  of  milk. 
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The  Choice  between  the  Salt  Cathartics. — This  is  very  largely  dct  ^^' 
mined  by  their  toste.     Thi*  sodium  sulphate  has,  perhaps,  ihe  most  A——*" 

agreeable    taste;   the   magnesium  sulphate  somewhat   less  so.     Sodii '^ 

phosphate  and  Rochclle  salt  are  perhaps  the  least  disagreeable.     M^^9^ 
and  MgCOs  act  as  alkalies  as  well  as  cathartics. 

The  best  corrective  for  the  taste  of  the  sails  is  ample  dilution  with  wat^^  -t*. 
when  this  is  permissible.  Some  of  the  sails  are  official  in  ejfwTej«^^^-«t 
Jorm;  i.e.,  mixed  with  sodium  bicarbonate  and  citric  or  tartaric  acid. 

SODIUM  SULPHATE 

This  is  the  most  t\*pical  of  the  calharlic  salts,  licing  but  vcr\*  litt^"  — t 
absorbed,  and  almost  free  from  ion  action.     It  has  no  action  on  met 
holism.     On  account  of  its  disagreeable  taste,  it  is  not  much  used,  ex( 
in  vetcrinar>-  practice,  but  it  forms  an  importani  ingredient  of  mj 
mineral  waters,  e.g.,  Carlsbad. 

The  kidneys  are  even  more  permeable  to  s(»dium  sulphate  thaa  to  XaCI,  w>  thai  t 
intravenous,  injection  produce^  u  coj^ous  diureaU.  The  aecretioo  ot  gastric  Jukr  I*  om 
incrtasc'J. 

The  stimulant  action  of  hypodermic  or  iatravetiuus  injections  of  Aodium  su1j.ilji>^w  '}*\ 
appear  to  surpass  those  of  sot^um  chlorid.  .Vn  isotonic  solution  (a  ptf  cent,  of  ll--^^*"*i 
dned  or  4  per  cent,  of  the  crystalline  italt)  is  used  in  quantities  of  soo  to  1,000  c.c. 


PREPARAHONS — SULPHATES 

*Spdii  SuJfkas  fSod.  Sulph.).  U.S.P.,  B.P.  (Glauber's  Salt).  Nb,SO,  4-  loH/).- 
Large  or  grantuar  colorleM  crystal!!,  of  bitter  saline  taste.     Freely  m>1.  in  waier  (i:^ 
practically  tnsol.  in  ale.     .Ml  sutphates  arc  incompatible  with  calcium  ajid  lead- 
15  Gm.,  .|  drams,  U.S. P.;  3  to  8  Grn.,  H  to  »  drams  rtpcated;  single,  to  to  16  Cm.,  tlEl 
to  4  drams,  6. P.;  diluted. 

Sodii  Sulphas  Efcrrrscens  (Sod.  Sulph.  Eff.),  B.P.— A  mixture  of  dried  todiuK  J 
sulphate,  sodium  bicarbonate,  and  tartanc  and  ritric  arid^;  representing  50  per  rent 
the  ordinary  sulphate.     Dcse,  4  to  8  Cm.,  t  to  j  drams,  repeated;  sini^c,  10  to  [6  Gi 
jt^  to  4  tlnims,  B.P, 

Pol.  Sutpk.,  B.P^  KiSOi. — Sol.  in  water  ft:  10);  Insol.  in  ak.    Dcxe,  t  to  3  Cm.. 
to  45  gr-.  B.P. 

SODIUM  PHOSPHATO 

The  phosphates  also  exhibit  merely  a  local  cathartic  salt  action.  Thi 
presence  of  phosphorus  in  ner\'e  tissue  suggested  the  use  of  f  jhosphates  anc:^ 
phosphoric  acid  as  nerv'c  stimulants.  There  is  no  scientific  foundation  fo«* 
this.  The  phosphoric  acid  of  the  urine  comes  almost  entirely  from  thr^' 
phosphorus  of  the  nucleins  of  the  cells,  not  from  food.  The  offit 
NajHPOi  has  a  slightly  alkaline  reaction;  but  its  administration  does  not; 
influence  the  true  reaction  of  the  urine. 

When  injected  Mibcutaneously,  the  phosphates  arc  rapidly  excreted  by  the  intcstiar 
and  kidneys.     The  feces  contain  phosphaivs  even  in  &tan'atioo.     The  urinary  pbok 

CCS  arc  generally  increased  by  water  diuresis  (Bael^ner,  191  j).  Milk  tontaiiB  a 
proportion  of  phosphates.,  and  It  is  pouubie  thai  the  admioistratioo  o(  these  Hhi 
might  be  uxful  in  lactation,  but  lhi<.  has  not  been  demonstrated.  The  admiiiiMltffcM 
of  phuisphates  has  no  effect  on  nitrogen  mctaboliijn.  Intravenously,  the  pboipteMi 
stimulate  the  vagus  ending  similarly  to  thyroid,  oihI  they  have  lieen  claitncd  to  be  of 
bcnclil  in  the  w»mc  tonilihon?.     Tliis  i^  doubtful. 

Starkenstein,  igi4,  claimed  that  the  intravenous  inicclion  ol  phosphates  DfoduCfB 
muscular  twitching,  by  inaciivalion  of  calcium.     Thi^  is  contrary  to  the  rcauU  of 
previoua  investigators  and  is  again  denied  by  Creenwald,  1915. 
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PYROPHOSPHATES 

Crawford,  1910,  found  these  markedly  toxic,  producm^  gastro-inle^tinal  irritation. 
uoiTbAgcs  and  ulcerations;  changes  m  Che  Liver;  with  continued  admiaistratiun, 
uphrilb  and  edema.  Mctaphosphatc!>  acted  similarly  but  wculccr;  whik-  tUv  ordimir>' 
irthophosphate  was  non-lostc,  Crawford  helicvwl  that  liic  pymnhnsphatcs  are  re>[ion- 
lible  lor  the  toxicity  of  certain  cotton-seed  meals,  but  Withers  ana  Kay,  191^,  contradict 
lllis  cuncluiion. 
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PREPARATIONS — PHOSPHATES 


'Sodii  Pkospkoj  (Sod.  Phosph.),  U.S.I'.,  B.P.,  Na.HPO,  +  1311,^-).— Urge  colorleaa 
cryBtaU  or  granular  povfdcr,  tit  cooling  saline  taste.  Freely  sol.  in  water  (1:3.7); 
practically  insul.  in  ale.  Dose,  4  Gm.,  1  dram.  U.S.P.;  3  to  8  Gm,,  }3  to  }  dram^ 
npeated;  «nglc,  to  to  16  Om.,  2^  to  4  dramA,  B.P. 

t  *Sodii  Phospkas  K^rrvesccns  (S.jd.  Phosph.  Kff.),  U.S.P.,  B.P. —A  mixture  of  eicsic- 
■t*d  sodium  phosphate,  sodium  hicarhcinate,  and  tarUiric  and  citric  acids,  represcnt- 
Sg  about  io  per  cent,  of  the  ordinary  or  30  per  cent,  of  the  driixl  nliospbale.  Dost,  10 
Cm..  iM  ilram*,  U.S.P.;  4  to  8  Gm.,  i  to  2  drams  repeated;  single,  10  to  16  Gm.,  jH 
to  4  drams.  B.P. 

S"dii  Pkoiphis  Exjiccaius  (Sod.  Pho*.  Kx5-),  U.S.P.;  XaiHPO*. — Sixlium  phosphate, 
from  which  the  water  of  crystallizaliun  has  been  expelled  bv  heating  at  too°C  It  is 
about  two  and  one-half  time;^  as  strong  &!•  the  ordinary  pho«pba,te.  Dose,  a  Gtn.,  30  gr., 
U.S.P. 

fcL^^.  Sod.  Phaspk.  Co.,  X.F, — Sodium  phosphate  liquefied  in  its  water  of  cr>*stalliza- 
t  by  sodium  nitrate  and  citric  acid.     100  c.c.  rcpre<u:nm  100  Gm.  of  the  sodium  phas< 
tc  (about  two-lhIrd%  in  the  form  of  acid  phosphate,  \V.  F.  Horsa,  1910).     Dose,  10 
C.C.,  2l>2  drama. 

*Sod!i.  Phosphas  Acidus  (Sod.  Phosph.  Acid.).  N.N'.K.,  IJ.P.;  Sodium  Add  Pho3- 
pliate  (mnnii-MKlium  phasphate). — Contains  at  1ea.<it82  per  cent,  of  XalljPC)*,  X.N.R.; 
70  per  cent.  B.P.  l-argc  colorless  cr>-Btals  or  Kranular  THJwder,  of  saline  and  wmcwhat 
acid  taste.  Very  sol  in  wat«r;  in?ol.  in  ale.  This  «alt  vk  used  to  increase  the  aridity  uf 
the  urine  (llan/Jik  and  Collins,  1013).  It  It  also  cathartic,  but  more  irritant  than  the 
ordinary  phosphate.  Dose,  i  to  1.5  Gm.,  15  to  ao  gr.,  in  \mtcr;  repeated  every  one  to 
four  hours  until  the  urine  becomes  acid;  2  to  4  Gm.,  30  to  60  gr,  B.P.     It  should  not  he 

ecd  with  hcxaxncchylctiamin. 
Asolutkm  may  be  prepared  extempnrancnuslyhy  a<lding  Dilute  Phosphoric  Acid  to  a 
ition  of  the  official  Di-scdium  phosphntc  until  It  no  longer  precipitates  a  solution  of 
CaCli;  or  as  follows:  Sod.  Phosph.,  10  Gm.;  Ac.  Phiwph-  i)il.,  jj  Gm.;  Water,  cj.s.  ad 
ic.c.:a  tablespoon  of  thi.s  mixture  cnntains  about  1  (tm.  of  the  acid  phosphate. 
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TARTRATES 


General  Statement — These  arc  difficukly  absorbable,  and  therefore 
typical  Haline  cathartics,  possessing  the  advarlage  of  a  relatively  unob- 
jectionable taste.  The  potasstum-sodium  LarLrale  or  Rochellc  salt  is 
commonly  used.  .\cid  potassium  larlnile  (cream  uf  tartar)  acts  as  a  mild 
Acid;  and  being  relatively  in>^olubIe,  the-acid-aulion  extends  into  the  intei*- 
lines  and  here  stimulates  peristalsis.  It  is  liiercfure  more  actively 
Lhartic. 
Cream  of  tartar  and  tartaric  acid  effervesce  with  sodium  bicarbonate, 

arc  used  in  baking  powders,  eflfervesccnL  drinks,  etc. 
The  tartrates  are  not  readily  burned  in  the  body,  and  therefore  do  not 
as  alkalies  and   diuretics  as  powerfully  as  do  mo.st  other  organic 
)ns.     When  introduced  into  the  circulation,  they  have  a  rather  high 
Ltuddty  by  immobilizing  calcium,  and  injuring  the  renal  epithelium;  but 
need  not  be  feared  from  therapeutic  doses  (Post,  1914). 

Toik  Actions  of  Tartrates. — The  cffecu  on  calcium  arc  similar  to  tiioK  described 

Jer  Citrates.     Small  doses  produce  only  the  ren-il  Injury;  larger  doses  also  muscular 

ncr\-iiUM  symptom^.     The  carfltac  excursions  iire  decreased,  especially  in  systole, 

tDoderatc  slonin^.     The  blood  prcuure  is  unchanged,  the  kidney  volume  slightly 
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iDcr«isi-4l.  The  effects  may  be  acule  or  subacute,  according  lo  dose  (Salant  aad  Sn***" 
it>i4).  The  four  stereochemic  isomers  behave  somewhat  dificrcntly  toward  cilci* — ^"l 
and  therefore  liave  a  diflirrvnt  toxicity  (Chio,  1913).  Saliinl  and  bmiLb.  1913,  toM*j^ 
that  the  d,  and  I.  had  the  sumc  tiiskity  for  froRs  and  rabbits;  bm  the  resistance  of  diK  j**' 
cnt  animaU  varies  greatly.  In,  rabbiLf,  the  diet  has  a  mark«d  inllucnce,  anitnal^  fei^^^^ 
oatK  hcinK  much  less  resistant  This  depends  probably  on  di0ercocn  in  Uie  min^^^'" 
constituents. 

Renal  Action. — Cndcrhill,  Wells  nnd  Goldschmidt,  1913,  and  Peaicc  nod 
iQij,  found  that  Rochelle  salts  pmduced  marked  renal  change*  whrn  Kiveo  by[ 
mically  in  doses  of  o.  Jf  lim,  per  kilogram  to  phluiliizJa  rabbits;  somcnhat  lar^'-f 
causetl  the  same  changes  mthout  phlorhLem.     Oral  adminisl ration   atsi.  ^ucd 

nephritis,  with  doses  of  x  Cm.  per  kilogram.     Five  Gni.per  kilojn^mwa.^  fatal  .Mliai 

unimals.  The  losiLity  isnot  asRreatin  wcU-fcd  animals;  when  dinrrhca  iKeur*;or  wi^-^T  "hn 
alkaliw  are  administered.  Acetates,  citrates  nnd  carbonates  do  not  produce  these  rer  ■"*! 
chaiiKos.     Analogous  cfEects  are  produced  on  dogs. 

The  epithelial  chanj^e*  are  CDnfirR-d  mainly  lo  the  convoluted  tubules,  mlh 
extension  to  Henlc's  loops.     I'he  glomeruli  and  interstitial  tissue  arc  intact.    The  lesbs^- 
re^ult  in  retention  of  the  tartrate  «o  that  only  traces  arc  excreted  by  the  urine  ct'co      j 
intravenous  injection. 

In  the  acute  nephritis  of  rabbits,  the  phthalcin  excretion  is  materially  dimii 
Id  chronic  cases,  the  excretion  again  improves  somewhat  with  time.     Tlie  rutr 
excretion  U  scarcely,-  altered  (.Vnderhill  and  Bhitherwick,  1914).     Uippuric acid synt 
is  not  impaired  (kine-<bur>-  and  Itell,  191 ;;). 

The  excretion  of  injected  urea,  and  the  excretion  of  N  and  Dcxtro«e  in  phlorhL. 
animals  ift  hindered,  but  the  NaCI  excretion  is  normal  {Ravr  and  Blum;  Underhill,  191 
The  restoration  of  the  blood-vutumc  after  injection  of  saline  solutioa  is  delayed  (I 
rnderhill  and  Mendel,  1916). 


PKEPAR.VTIONS — ^TABTRATES 

Tarliirkum  (.\cid.  Tart.),  U.S.P..  B.P..  C,IIj(OH),(COOH),.-A  dit 
icid  obtained  from  wine  Ices  or  argol,     CoJorlcgis  crystals  or  while  powder 
acid  taste.     Very  sol.  in  water  (1:0.75);  freely  sol.  in  ale  (1:3.3).     D***^.  0.5  Gdl. 
gr.,  U.S.P.;  o-i  to  1.3  Om.,  5  to  Mgr..  B.P. 

•Pr>lai)iii  Itilarlrai  (Pot.  liilarl/i.  U.S.P.;i»(»/.  Tortr.  Acid.,  D.P.  (Cream  of  Tj 
KHL\ll40t. — While,  somewhat  gritty  powder,  of  pleasant  add  lastr.     MighUy  hjI- 
water,  <t:  153);  nearly  insol.  inalc.     Dose,  2  Gm.,  ^ogr.,  l.'.S.P.;i  t0  4Gin.,  tstoOog 
D.P.;  suspended  in  water. 

i'o(.  Tan.,  B.P..  K.CJIiO.  +  H  HjO.— Freely  sol.  in  water  (1:1;.    Dvtf.  jto 
Gm.,  Ij  to  4  drams,  B.P. 

'Pol  rt  Sod.  Tarl..  L'.S.P.;  Sod.  ti  Pot.  Tart.,  B.P.  (Rochellc  Salt;  .^-1^  T^rt:.riti 
KXaCilI(0(  +  4HiO.^\\Tiile  powder  or  colnriess  crystals  of  cuolin 
Vcr>-  so),  in  water  (t:o.Q);  practically  insol.  in  ate     Dose^  10  Cim.,  J^J  ' 
8  lo  tfi  Gra.,  1  to  4  drams,  B.P. 

•Pu/PM  liigrntsirns  Campotitiu  (Pulv.  Eff.  Co.),  U.S,P.;  Pule.  Sodm  Tart.  £#.,  B. 
(Seidliti  Powder;  Pulv.  Soda.-  Tart.  Co.).— In  the  U.S.P.   tlie  blue  paper  cuatains  Pc»-' 
et  Sod.  Tart.,  8  Gm.  and  Sod.  llicarb.,5Gm.;  the  white  paper,  .\c.  Tart.,  3^^  Gm.    . 
the  B.P..  No,  I  (blue  paper)  contains  Sod.  et  Pot.  Tart.,  7.5  Um.;  Siwl.  Bicarb,,  j  5  <'-~  ""^ 
No.  3  (while  pa^H-rJ  contains  Ac.  TarL,  2.5  Gm.     The  ronlent*  nf  ihe  blue  [>apr 
first  dissolved  in  a  half  a  tumbler  of  colrl  or  warm  water  and  the  contents  of  ihe  ««:-i 
paper  are  then  added 

MAGNESIUM  COMPOUITDS 

General  Statement.— The  salts  ol  magnesium  arc  relatively  Hlll*- 
absorbcd,  and   therefore  act  as  oamotic  cathartics.     With  raagnf-iurf*^ 
sulphate,  both  ions  have  this  effect,  s<>  thai  the  salt  is  jjarlirularly  cfTccliv-e^ 
Magnesium  oxid  and  carbonate  act  also  as  alkalies,     fieing  verv'  HfMrin^ljS-J 
soluble,  their  antacid  action  extends  into  the  intestines,  witii  but  Hltl^' 
interference  with  the  stomach.     They  arc  converted  in  the  atimfntar>^^ 
tract  into  the  soluble  and  therefore  cathartic  magnesium  bicarbonate.. 
AlgO  (magnesia)  is  preferred  lo  ihe  usual  alkaline  carbonates  when  thc^^ 
stomach  must  not  be  burdened  with  COa  gas.     It  is  therefore  the  be»C^^ 
antidote  against  poisoning  by  acids. 
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Magnesium  is  somewhat  absorbed  by  the  alimentary  canal,  so  as  to 
produce  some  diuresis;  but  not  sufficient  to  cause  loxic  effects,  unless 
verj-  large  doses  of  a  concentrated  solution  arc  taken.  When  injected 
favTiodermically  or  into  the  circulation  it  is  highly  toxic  by  depressing  the 
heart,  muscles,  and  the  central  and  peripheral  nervous  system.  It  is 
antagonized  by  calcium.  Magnesium  sulphate  has  been  used  as  a  local 
and  intraspinal  anesthetic,  and  against  tetanus;  but  the  effective  dose 
is  dangerously  close  to  the  fatal  (paralysis  of  respiration),  so  that  its  use- 
fulness is  limited. 

A  saturated  solution  of  magnesium  sulphate  is  used,  apparently  with 
good  resvilt??,  as  a  loml  dressing  in  erysipelas  and  similar  intiammations. 

Administration  as  Cathartic. — ^Iagnesium  sulphate  is  employed  as 
laxative  in  closes  of  2  to  10  Gni.,  i  to  23,  in  dilute  solution;  and  as  hydra- 
gogue  cathartic  in  doses  of  10  to  15  Gm.,  2  to  43 .  in  concentrated  solution. 
The  dilute  solution  may  be  mixed  w-ith  XallCOj,  but  not  with  Na;COs. 
It  may  also  be  given  as  an  effervescent  salt.  Solution  of  Magnesium 
Citrate  is  a  pleasantly  flavored  and  effervescent  draught,  dispensed  in 
bottles  containing  12  ounces.  The  dose  is  from  V4  to  1  bottle.  Mag- 
nesium carbonate  and  the  oxid  are  administered  as  powder,  }%  to  2  Cm., 
5  lo  30  gr.  "Milk  of  ifagnesia''  (Magma  Magnesia;)  is  a  suspension  of 
magnesium  hydroxid,  used  as  a  laxative  in  doses  of  i  to  4  teaspoons; 
and  as  an  alkaline  dentifrice. 

Cathartic  Actloa. — Mot^nr^ium  silt!«  are  CDnverted  into  tfae  Kctd  carbonate  in  the 

unoll  ini^iinc,  according  to  Che  formula: 

MgSO»  +  Xa,CO,  +  H,0  +  CO,  -  MgCHCO,).  +  Xa,SO, 

la  thii  respect  it  is  quite  immeterial  what  particular  salt  be  given.  The  hydrate, 
I'arbnnate,  chlorid,  or  ftulphale  iire  .til  cunvcrtcd  intn  hi(.ar1><>iiate.  However,  m  (he 
ca«  of  ihe  sulphate,  the  sodium  sulphate  which  is  formed  is.  of  course,  alwi  cath.irtic. 
so  that  the  effect  is  doubly  Urge.  The  hydrate  and  carbonate,  on  theolher  hand,  poisesa 
also  l)iv  ,-ti  liriTi  iif  alkalies. 

Direct  Action  on  Peristalsis. — This  ts  not  seen  when  magne:^ium  i«  given  by  mouth, 
but  only  when  it  is  apittii-d  hy  vein  or  hypndermifally.  Its  dire«:l  action  then  is  lo  dc- 
pre^  the  excen&ive  penstal^i»  Induced  by  exposure  of  the  intestines,  or  by  ergot,  physos- 
tigmia  or  barium  clilr>rid  (Meltzer  and  Auer,  1906). 

MelLter,  1014.  bclieve&thai  magnesium  al«o  inhibits  the  intestine  with  the  ordinary 
iat»tinat  admiDi^lratiun;  and  that  this  aomehow  renders  Uic  contractions  more  cflcc- 
live  by  tfai  inv;  fn-cr  yrope  to  the  "cnntrary  innervation." 

Nonnal  Occurrence  «  Magnesium. — Magnesium  occurs  in  the  body  mainly  as  phos- 
phate  and  in  a,ssocialion  with  calciura,  in  the  b(>ne<i,  and  in  larger  abs«>]ultr  <|uaDniy  in 
the  other  tiiaues.  The  red  corpuftcles  (.Vbdcrhaldcn.  ifegSJ  and  stripc<l  muscle  (Kali, 
|S()6;  Huerthle,  1403)  cnntnin  more  Mjj  than  Ca.  The  daily  rrquirpmenl  is  estimated 
ifi  0.6  Gm.  The  ordinary'  diet  contains  0.19  to  1.3  Om.  (H.  C.  Sherman,  .Mettlcr  and 
Sinclair,  10  to). 

Absorptioa. — This  occurs  mainly  from  the  small  intestines.    Metallic  magneMum 
aUo  alrttirbed  from  the  subcutaneous  tissue  (Fromherz,  ic>oq). 
Bscrdioo. — After  absorption,  and  with  parenteral  administration,  the  excretion 
icun  practicnlly  txclusively  by  The  kidneys  (Mcltzer  ant)  l.ucas.  190;),  only  in  :«mull 
irt  fntm  the  large  intc^tine.     The  toxicity  is  thtrefore  diminishcil  by  inducing  diuresis 
I.McUzer,  1907).     A  considerable  quantity  may  he  rrlalncd  in  the  liody  over  two  weeks, 
urinary  cTcretion  of  calcium  is  increased  (Mendel  and  Benedict,  1009).     This  Ics- 
Ihe  lime-deposition  in  young  animals  (XIalcolm,  lyoj).     The  normal  urine  con- 
"tains  0.3  to  0.5  <jm.  of  Mg.  per  day. 

Renal  Irritation. — The  intmmuMrular  or  intravenous  injection  of  magnesium  4atts 
^3€  solphate^  into  dogs  cau-*e«  the  api>earance  of  kyatinc  eastr  in  the  urine.  TTiere  are 
tto  other  casts,  albumen  or  other  sign  of  nephritis  ftiates  and  Mdtzer.  1914).  These 
(Occur  alM  vrhen  toxic  doses  of  magnesium  are  injected  into  the  ligated  small  intestine 
■  (Gates,  I9I4)- 
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GlycoeuriA. — Parentcr&l  injecliona  produce  moderate  h>'pcrglycemia  and  gl>xoBuriL 
Underbill  and  Cl(}.sM>n  ascribed  these  tu  &sph}-xia,  Jo,.  Hiracli,  1915,  tu  D)ircu»i»  tnd  k^ 
phj'xiu;  but  Kleiner  and  Meltzer.  1916,  find  them  even  with  artifirUl  rt^piratiun. 

On  the  other  hand,  Airila  and  Birdy,  1915,  inUtc  that  intravenous  iojeftiom  el 
maj^csium  inhibit  cpincphrin  gtjxosuria  and  clinical  diabetes;  prcwmably  by  dcf>re»ioD 
of  the  svmpalhclic  system. 

Toxicity  by  Mouth.— Only  the  nitrate,  wbkh  is  absorbed  much  mof«  readily,  is  apt 
to  prctduic  typiral  Mg  symptoms  (Meltzer,  IQ07);  but  toxic  effect»  may  arise  if  larft 
dou&  oi  the  sulphAtc  arc  friven. 

Intestinal  injection  with  the  s-tomach  lied  oil  produces  death  by  re-ipirator>'  paraly- 
aia  in  about  twenty-five  minutes  with  a  dose  ai  10  c.c.ot  jo  percent,  mogne^iuin  chlorid- 
Wbcn  administered  to  rabbits  by  mouth,  even  very  large  aoses  are  not  fatal  (Auer  and 
Midlzcr,  i()i4)- 

IntravascoUr  Injection. — ^ThU  produces  immediate  and  Mverc.  often  fatal  depre»- 
sion  of  ihc  heart  ami  ccnlrat  nervous  system.  It  resembles  jiolassium.  but  thi»  arlj 
more  on  the  heart,  ina^csium  on  the  respiration.  The  ctlccta  are  seen  in  blood-pressun 
experiments,  if  tbc  magnesium  sulphate  s^ilution  of  the  manometer  inadvertently  catcr«^ 
the  artery.  There  is  a  sharp  fall  nf  blood  pressure,  and  the  heart  may  be  arrested 
promptly.  If  the  effect  is  not  fatal,  recovery  occun  quickly,  since  the  cxcrctioo  t» 
quite  rapid. 

Cardiac  Effects. — These  consist  in  sloping  with  moderate  dilation;  then  inco6rdisa- 
lUiTi;  tlu'ii  !4LiildL-n  dilation  and  standstill.  The  heart  may  br  krpt  l>rating  by  electrii 
stimulation,  by  stimuhitUm  of  the  accelerators,  and  by  epinephrin  (Matthews  aad 
Brxx>ks,  1910). 

ResplratiorL — The  cessation  is  due  mainly  Co  the  curare  action,  the  center  btiag 
ordinarily  nut  paralyzed  except  with  considerably  Urger  duscs  (Matthews  and  Brooki^ 
1910). 

Temperature.^In  rabbits,  this  h  lowered  bv  maitncsium  injection,  parallel  to  thc^^ve 
paralylic  action,  but  preceding  the  latter.  It  is  an  independent  phenomenon,  for  iC^V  .1 
occurs  also  if  the  narto-iis  is  prevented  by  calcium  (Schuctz,  1015,  1916).  J 

Magnesium  Anesthesia. — MeEuer  and  Auer  (1005)  found  tnat  4  general  aiie»lheaiar ^b,  ^ 

with  abolition  of  reflexes,  may  be  produced  by  the  subcutaneous  injeclioD  of  magseuas^:^^^ 
saltA  (1.5  Gm.  of  crystalline  magnesium  sulphate  per  kilogram  of  iMxly-weightf  osed 
as  per  cent,  solution).     The  injctlion  causes  but  little  pain,  since  the  maKne^ium  Iv  a 
a  local  anesthetic.     The  anesthesia  is  complete  in  half  an  hour  or  an  hour,  and  lasts. 
about  two  hours.     The  blood  pressure  in  but  little  lowered;  there  i»  vime  diuresis,  bu' 
no  diarrhea.     The  recover>'  is  perfect.     Somewhat  larger  dose*  are  fatal.  para]yzia|_ 
the  respiration  before  the  heart.     The  effective  dose  approaches  the  fatal  so  closely 
that  this  method  ii  not  yet  available  for  man. 

S alure  vf  thr  AntslheiU  Action. — Tliere  ha^been  considerable  discuuioD  wbetfacT  i 
effects  of  magnesium  consist  in  a  true  abolition  of  wnsation  (Mell»r);  or  whether 
cuosist  mainly  in  a  paralysis  of  muscular  response  by  the  cunire  action  ((juthrie) 
in  asphyxia.     There  is  no  doubt  that  the  muscular  and  possibly  the  asphyxia!  fact 
may  iilay  a  part;  but  that  magnesium  produces  direct  scnM>ry  paralysis,  both  central 
peripneral. 

evidence  for  Sensory  Paraiysit. — Guthrie  and  Ryan.  1910,  and  Matthews  and  Brook—ai^ 
1910,  brought  evidence  that  paralysis  may  occur  by  the  curare  and  asphyrial  action  »        j 
magnesium,  when  the  sensation  is  still  prcser^'cd.     However,  Meltxer  and  Auer  clair.^  ^im 
that,  with  proper  dosage,  it  is  possible  to  secure  aitcsthesia  when  the  asphyxial  factor      ~^  r  b 
entirely  cxcluacd  and  the  muscles  arc  still  responsive.     Indubitable  proof  of  direct 
tral  anesthesia  is  furnished   by  the  results  of  careful   iHlravemms  trnjaJton  in  In 
subitcti,  reported    by  Peck  and  Meltzer,  mit.    This  produced  unconsdouaocM 
complete  sur^iral  ant-sthc^ia,  with  incomplete  motor  paralysis. 

The  immrdialerenval  of  these  animals  by  the  intravenousicjection  of  calcium  chloi 
(Meltzer,  1909)  also  speaks  for  a  direct  central  action.     Further,  thev  find  (101 
that  small  intracerebral  injections  produce  central  anesthesia  ^aJso  V.  fv,  Hendi 
1999};  and  that  the  effects  of  magnesium  and  ether  are  additive.     Geasler,  191.^,  aad 
Essekutz,  tqt5,  also  find  additive  etfccLs  with  Ihc  aliphatic  hypnotks. 

Mansfeld  and  Hamburger,  iqis,  conclude  that  magnesium  increaaes  the 
action  of  urethane  by  altenng  its  distribution;  for  calcium  docs  not  rciDOve  the 
tion  if  the  magnesium  has  ]>ern  adniini>tered  u-iVA  the  urethane;  but  does  rrmovc 
narcosis  if  the  magnesium  was  injected  »ome  time  after  the  urethane. 

DistrHiulion  0/ .l/ujnfjrmm.—Mansl'ield  and  Bosanyi,  1013,  and  CJensler.  1915. 
that  the  magnesium  and  calcium  of  the  brain  >ul(stance  are  not  changed  duriag 
narcosis  or  calcium  recovery,  and  therefore  conclude  that  the  altered  Mg-Ca  ratio 
fui  the  plasma  membrane.     Stronsky,  1914,  aUu  found  thai  the  Mg  ooatent  et 
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pUiTTHi  increased,  and  the  Ca  diminished,  during  the  narcosis;  while  the  organs  were 
UDchanged.  The  urinarj-  excretion  of  both  Mg  and  Ca  vm  increased.  J.  Schiiu. 
1Q15,  reports  accumulation  of  magnesium  in  the  brains  of  rabbits  subjected  to  repeated 
magnesium  narcosis. 

DegluiUioH. — {Iraded  du>e»  paraly/c  the  central  tnectianisin  before  the  peripheral 
(Aucr  and  Mcltser,  iqtb]. 

Local  Anesthesia. — The  eflects  of  dirett  application  of  magneMum  solutions  to 
expoied  Mnt  are  describ<Kl  rather  diflerently.  Mcli^er  and  Aurr,  [qo6,  maintain  that 
conccotrated  solutions  paralyze  viHthoul  previous  stimulation,  having  a  selective;  utiJon 
on  the  dillercnt  functional  fibers  somewhat  aniiloKuus  to  tocain.  LUjesLand,  190Q,  and 
Gutiuic  and  Kvao,  iQto,  claim  that  the  pBral>-si<i  is  preceded  by  stimulation  and  that 
the  Mg  action  is  not  sprriftc,  hut  very  simitar  to  that  of  N«C1,  while  Ca  salts  are  much 
more  etfecUve.  However.  Wiki.  1911,  found  that  the  h>'podermic  injiCCtion  of  1 ;  to 
35  per  cent.  MgSOt  into  guinea  pig«  produces  much  more  iocal  anesthesia  than  eguiva- 
leat  solutions  of  other  salts.  It  scfms  therefore  that  the  local  anesthetic  actmn  of 
magnesium  is  relatively,  if  not  absolutely,  .specific. 

Curare  Action. — This  was  discovered  by  Jolyct  and  Cahours,  1869;  and  has  been  con- 
firmed by  Guthrie,  Meltzer  and  titbcrs.  Meltzcr  and  .^uer,  1006,  also  lind  that,  like 
curare,  it  antagonizes  the  phyiiosligmin  twitchings.  Further  antagonisms  to  phv^os- 
tiKmin  were  studied  by  Joseph,  IQ09.  Ksolaled  bronchiai  miurtr  h  slightly  dilated 
(Tnrndclcnburg,  1911). 

Rigor  Mortis. — Meltzer  and  Auer,  i^ofi,  found  that  the  hypodermic  injection  of 
calcium  hastens,  and  magnesium  delays  the  development  of  rigor  in  skeletal  muscles 
and  heart.  In  calcium  tiKur,  the  extensor  muscles  prevail;  in  magnesium,  either  the 
dexors  or  the  position  at  the  time  of  death. 

Subdural  Injection  of  Magnesium. — The  hvjiodermic  nne  ui  mugti>r;ium  being  loo 
dangerous  for  man,  Mcllzer  and  -Vucr,  igoo,  introduced  its  use  by  lumbar  subdural 
injection,  using  1  c.c.  of  the  25  per  tent,  solution.  This  produces  sensory  and  motor 
paralysis  of  the  tegn  and  peKnc  region,  occurring  in  throe  to  four  hours,  and  lasting 
eight  to  fourteen  hours.  There  is  also  retention  of  urine  for  one  or  two  days.  Vn- 
teteard  results  are  cited  in  Merck's  Report,  36:366. 

F  Magnesium  in  Tetanus, — This  has  been  found  highly  useful,  at  least 
symptomatically  and  in  conjunction  with  antitoxin.  Kocher  considers 
it  the  best  remedy  in  developed  cases.  The  spasms  are  temporarily  re- 
lieved, but  return,  requiring  repeated  (at  least  daily)  injections.  The 
dosage  presents  serious  difficulty,  the  dose  that  paralyzes  the  respiratory 
center  being  but  Utile  above  dose  required  for  the  therapeutic  effect. 
Lazaru5  also  reports  success  in  strychnin  poisoning. 
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Administration  in  Tetanus. — The  Aa^a  refer  to  crystalline  Magnesium  sulphate 
(Kocher.  1915;  Meltzcr.  igiO); 

For  slight  initial  symptoms,  hypodfrmk  injections  may  be  used,  i.a  c.c.  of  a  i$  per. 
cent,  solution,  per  kilogram  body  weight,  3  to  5  times  dally.  This  has  been  continued 
for  6  to  iS  days  without  tlamage.  It  causes  but  little  irritation.  It  is  safe,  but  not 
fuAciently  effective  foi  severer  cases.  In  these,  the  salt  may  be  used  iniramusciilariy, 
oJS  c.c.  of  25  per  cent,  per  IciloKram;  six  times  daily. 

In  severe  cases,  however,  it  is  better  to  proceed  at  once  to  the  more  elective  intra' 
tpimal  iHJrclion;  using  i  c.c.  of  25  per  cent,  per  20  lb.  of  body  weight  (o. i  c.c.  of  ij  per 
cent,  per  kilogram),  by  lumlwir  injection.  This  gives  prompt  relief,  generally  lastmg 
74  hour»,  when  the  ptrocedure  may  be  repealed.  It  the  rc5.piralion  should  become  de- 
pressed, the  solution  should  be  washed  (lut  of  the  canal. 

tHtravtnous  injectiiyn  has  also  been  used.  It  is  not  generally  advised,  the  eflccts 
being  short  and  dangerous,  but  it  may  fw  ju.sLificd  when  the  spasms  tltrenten  the  respira- 
tion. Straub  injects  in  2  minutes  a  total  of  too  c.c.  of  1.5  per  cent,  folucion;  repeated 
every  half  hour  to  hour  Meltzer  prefers  a  6  per  cent,  solution,  injetied  at  the  rate 
of  3  to  3  c.c.  per  minute,  stopping  a»  sixvn  as  the  respiration  becomes  depressed.  If  the 
rcs[Mnition  does  not  improve  1.5  per  cent,  calcium  chlorid  must  be  injected  slowly. 

Accidtnts. — When  using  cfTective  du«*s  of  magnesium,  ihe  physician  should  he  pre- 
pared lo  combat  failure  of  respiration,  by  artificial  respiration,  together  with  ph>*so- 
stigmine  ('i  to  i  mg.  hypo*  I  L-r  mi  cully)  or  calcium  tlilorid  (y)  c.c.  of  3  per  cent.,  intramus- 
cular; or  0.01  per  cent,  in  nnrmal  saline,  intravenous,  to  600  c.c). 

In  children  extra  caution  must  be  used.  The  doses  of  magnesium  should  generally 
be  tomewhat  smaller;  supplementing  them  if  necessary  by  elher  or  the  aliphatic 
42 
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hypnotic^..     Morphin   potcniialcs   Uic    reqjiratory   depression,  and  shoold  tbcttfot 
nol  be  combined  with  ni-ignfaiura  (I*»ekuu,  1915). 

Literature. — Cohea,    iQi^i   Uodd,    191a:  Arnd,  Dreyfus,  1914;  Tb.Kocber,  iqij 
n    K.  RobcrtAon,  1915:  Meltzer,  igift. 

Antafronism  of  MagnasKun  and  Calcium. — This  was  mentioneil  on  page  &41.  Oj 
laics  cnhiin<i:  the  action  of  Mt;,  prcsurnhbly  by  removing  llie  aola{fODi»(ic  effect 
the  ti^•:l:^.■■{_■nIl:ium  (tliitt-j  iiinl  NTelz,  1913). 

Magnesium  Against  Erysipelas  and  Other  Inflammations. — Thii^ 
introduced  by  H.  Tucker,  1907  and  1908.  He  claimed  that  the  loc^c 
application  subdued  the  inHammation.  the  pain,  swelling  and  temperatu 
in  cellulitis^  arthritis,  epididymilis,  etc.;  and  suggested  its  use  parlicuUrW  ~-lv 
for  facial  erysi[>elas.  It  has  also  been  used  successfully  by  others.  1'  "3| 
action  may  be  similar  to  the  antipblogistic  effect  of  Ca. 

Applkatimx.^X  thick  compress  (15  layers  of  gauze)  is  immersed  in 
saturated  solution  of  MgS04,  applied  to  the  inflammed  region,  covered  »i 
oiled  silk,  and  renewed  every  two  hours  (Choksy,  191 1). 

Phagocytosis. — Dtlbct  and  Karajanopoulo,  1915,  claim  that  the  intravenous  inje 
lion  ijf  nnaKnesiiitn  chlorid  (doi^s.,  about  15  c.c.  of  i-Ji  [ler  cent.  !inhydruii>.  per  Itf 

f:raml  xriMtly  incrfn.^e^  phaKycotOi^is.     It  does  not  inhibit  the  mJKratioQ  of  leucoc>i 
rom  the  inflamed  mc5cntcr>'  of  frggs  Cllteda,  1916). 

PRKPARATIf)NS — UACNKSIUU 

'ifagncsii  Carbanas  (Mag.  Carb.),  U.S.P.,  B.P. — A  mixture  of  hydrated  maenesi 
carbonate  and  hydroxid.     According  to  its  preparation,  it  occurs  ai  a  more  or  1^ 
I>ulky  jKiwdcr  (A/dg/i.  Ctirb,  /.r^i'iaiid  Punderi'siimty^ot  as  white.  fnaUe  loancs.offtligb*'     ■^0^ 
earthy  taste.     Practically  iosol.  in  water.     Dose.  3  (im.,  45  gr.,  U.S.P.;  0.3  lo  i  i  <ii 
5  to  20  gr,,  rcncatL-d;  single.  3  to  4  Gm.,  *^  to  i  dram,  B.P. 

Li^.  ,1/jf.  ttudrb.,  B.P.  (Fluid  Magnesia).~Equivalcnt  to  3  per  cent,  of  Mac.  Catr^E-  ib< 
about  10  gr.  pfr  ounce.     /^>ie,  30  to  60  cc,  t  to  i  ounces,  B.P. 

'Liquor  Magntsii  CilrJJts  (Liq.  Mag.  CiL),  U.S.P. — An  eflervcacent  tolutioB 
tainin^  10  per  cent,  of  a  mixture  of  neutral  and  acid  niagne^um  citrate;  prepared 
bottles  of  350  c.c.  1 3  ounces  which  may  be  taken  as  a  single  dose  or  divided. 

'Uanma  Ma^nnue  {\f.igma.  Mag).  US  P.;  B.P.C.  (Mifk  of  Magcnsia)  —  A  t 
smooth  suspcnftion  of  the  hydroxid,  Mg(OH)i.     Dose,  10  cc,  at?  onuns,  U.S.P.    

Kfa^.  Oxuf.,  U.S.P. ;  Jfd^.  Uvis,  B.P.  (Light  Magnesia;  Calcined  .Magnesia);  MgUt 1>.- 

Whitc,  ver>'  bulLy,  and  very  fine  powder,  without  odor;  earthy  taste.     .\Inio!>l  ' 
in  watt^r;  insol.  in  ale.     Dare,  as  Mag.  Oxid.  Pond. 

"AfflSHMii  Oxidum  PonJeroium   (Mag.  Oxid,  Pond.).  U.S.P.;  Matneiia  Po\ 
(Mag.  Pond.),  B.P.  (Heavy  Magnesia);  Mk<X — White,  dense.  ver\-  line  powder;  i 
in  w-aier  or  ale.     Dose,  2  Gm.,  30  gr.,  U.S.P.;  0.3  to  1.3  Gm.,  5  to  io  gr.,  repcaV  -^t 
single,  2  to  4  Gm..  ^o  to  60  gr.,  H.P.  

'.V/flfiii«n  Sulphas  (Mag.  Siilph).  U.S.P.,  B.P.  (Epwm  Sails).  MrSO,  +  ^HfZ:^^0.- 

Small  pri-ynatic  crystals,  of  coolinft.  valine  and  bitter  taste.     Verj-  sk>I.  in  water  (i:a-    -lih 

practically  inMil.  in  ale.     It  contiun!<.  about  50  per  cent,  nf  water  of  cr>-»talUzatioo. ' 

.saturated  <«lution  contains  about  30  per  cent,  of  the  crystals,  or  35  per  cent,  of  the 

solute  MgSO*.     Dote.  15  Cm.,  4  drams,  U.S.P.;  3  to  6  Gm.,  30  tv  90  gr..  repea"  — ^loft 

single.  S  to  16  Gm.,  j  to  4  drams,  B-P. 

'Mat.  Suttk.  Eg..  U.S.P..  B.P.  — 50  per  cent.     Dest^  4  to  la  Gm.,  i  to  3  At^^ma^ 
repeated;  single,  16  to  ja  Gm.,  4  to  8  drams,  BP. 


WATER 

General  Statement.— The  direct  application  of  water  to  semiperme^^^Wf 
cells  produces  osmotic  changes.     If  the  semipermeability  is  imperfec"^*  "f 
impaired,  there  results  a  leachingout  of  salts,  and  with  this,  a  disturb^^*Jwe 
of  the  ion-ratio.    Instances  of  these  deleterious  actions  are  the  w»—  '"^ 
laking  of  blood ;  the  swelling  and  water-rigor  of  muscle,  etc.    The  surfa^«f 
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ihich  are  normally  exposed  to  contact  with  water  are  protected  against 
■lese  actions,  either  by  their  impernu-abilily,  as  the  skin  and  bladder;  or 
y  the  rapid  passage  of  salts  into  the  water,  as  in  the  alimentar\'  tract. 
iven  in  these  situations,  however,  the  water  causes  more  or  less  swelling, 
lulalion  or  irritation  of  the  cells. 

Water  is,  of  course,  an  essential  constituent  of  all  protoplasm.  It  con- 
futes about  two-thirds  of  the  body-weight,  75  to  90  per  cent,  of  the  active 
iues,  40  per  cent,  of  bones.  Since  it  is  constantly  lost  to  Llie  body  by 
urinc^  lungs,  perspiration  and  feces,  this  would  lead  to  drying  and 
icentralion  of  the  tissues;  but  before  this  reaches  a  demonstrable  degree, 
sensation  of  thirst  prompts  the  replacement  of  the  water.  Any  excess 
I  water  is  promptly  eliminated  by  the  excretions,  which  are  correspondingly 
fcrcased  and  diluted.  However,  there  is  a  temporary  increase  of  the 
later  content  of  the  fluids  and  cells  of  the  body;  a  removal  of  their  salts; 
]d  alterations  in  the  proportions  of  their  ions.  These  changes  in  turn 
n>duce  functional  phenomena,  characterized  especially  by  increased 
ICretlons,  and  by  changes  in  metabolism.  The  elTects  vary  according 
i  whether  the  quantity  of  water  is  normal  or  excessive;  and  according 
I  the  channel  by  which  it  is  introduced. 

<  Absorption  from  Alimentary  Cuul. — -Water  is  rather  flowly  absorbed  from  (he 
tmach,  where  it  !i\m>  delays  the  ab;M>rpti<jn  uf  other  substAnccs.  However,  it  po^iscs 
pidly  inio  the  duotlenum,  ami  is  absorbed  readily  from  the  inleftinr-,  small  and  large; 
hd  in  these  it  favors  the  absurpiion  uf  dissolved  !iul>8tance$.     In  health,  the  absorption 

gurt  mainly  in  the  upper  porttun^  of  (he  small  intestine  (v.  Mering,  1893;  Moritx, 
i)- 

Absorpcion  b;  the  Skin. — Wa(er  Is  not  appreciably  ab^irbe<l  throtigh  ifac  normal 
ID.     Bathing  in  cold  water  will  contract  the  cutaneous  v»>ifls,  and  will  in  this  way 
Biinish  the  loss  of  water  by  pcrsptralionj  while  hot  water  will  increase  the  loss  by  favor- 
diaphoresis. 

Digestion  and  Absorption  of  Food. — The  ingestion  of  water  with  meals 
decidedly  beneficial  ellecu  upon  all  the  digestive  functions,  even  when 
quantity  of  water  is  quite  large  fa  liter  with  each  meal);  provided  that 
food  is  thoroughly  masticated.  It  aids  the  digestive  action  of  the 
Sva;  increases  the  flow  of  gastric  juice,  its  pepsin  and  acidity,  and  thus 
jumably  the  flow  of  pancreatic  juice.  It  secures  better  absorption  of 
food,  thus  leaving  less  material  for  the  intestinal  bacteria,  decreasing 
ir  number  and  the  putrefactive  processes.  The  same  beneficial  effects 
secured  with  distilled  water,  which  has  no  detrimental  cSccts  even  in 
>longed  fasting  experiments  (Hawk,  1914). 

These  effects  are  utilized  in  the  treatment  of  certain  dyspepsias, 
fater  is  often  useful  in  nausea.  It  is  also  valuable  as  a  diluent  for  irri- 
ttt  drugs.  Excessive  water  consumption  would  probably  be  harmful 
■gastric  atony. 

fThc  sccrrlioo  of  acid  gasirk  ittUc  is  increased  (Heidenhain,  1879;  Fawlow;  Foster 
d  Lambert,  1908;  Sawii&ch  and  Zeliony,  ivij;  and  others). 

,.Ev€n  JO  c.c.  mcreases  the  acridity  and  peptic  activity  quite  strongly.  The  degree  of 
'la  is  not  intlumcetl  niiilrriiiMy  by  the  quaDlity,  tem]x>ratUTe,  or  by  the  presence  of 
1  (Bergheim,  Rchfu&«  and  Hawk,  1014). 
The  (low  of  pancreatic  juice  and  bile  is  also  stimuluted.  The  dilution  would  ucccl- 
te  the  action  of  the  dige-^tive  emymts.  The  dia.<^tatic  cfBcicncy  of  saliva  is  increased, 
^uptimum  being  rencbed  with  1:7  dilution  (Bergheim  and  Hawk,  1913).  The  dis- 
fgt  of  the  giutrii  (ontmts  is  has(ened  (a(  least  after  a  meal  of  meat,  although  not  with 
itoes;  Hedbom  and  Cannon,  1939).  The  water  doe*  not  actually  mix  with  the  gastric 
jDtentA,  but  passes  along  a  troujzh  formed  on  the  surface  (Cuhnheim).  The  hunger 
'tractions  are  allayed  (Carlson,  1913?.  Hawk  and  his  pupils  (Howe,  Mattill,  and 
(rem,  igii  and  i<>wi  Dlatherwii^^k  and  Hawk,  1913)  found  Iht  Jues  reduced  in 
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weight  and  containing  leui  nitrogen  (both  food  and  bacterial).  The  utilizatioa  of 
fat's  uid  ou-bohydnitcs  is  not  aSectcd  (Blatbcrwick  and  Hawk,  1914).  /nir-riiiMl 
putrefaction  (ss  judged  by  iodican)  was  lessened  (Sbcrvrin  and  Hawk,  1914)1  the  acidity 
of  the  feces  was  incre3<«<l.     The  effects  arc  distinct,  although  they  are  naturally  noC 

very  great  in  healthy  subjects  (Spicglcr,  1901). 

The  Excretion  of  Water. — This  occurs  by  the  kidneys,  lungs,  skin,  and 
intestine.  The  relative  importance  of  these  channels  varies  with  condi- 
tions. If,  for  instance,  the  water  is  taken  hoi  (50  as  to  favor  dttatiun  of 
the  cutaneous  ves-scls),  it  will  act  as  a  diaphoretic.  If  the  conditions  arc 
not  favorable  to  diaphoresis,  it  will  be  excreted  mainly  by  the  kidnc\*&. 
Excessive  quantities  of  water  may  also  be  excreted  by  the  inUstine,  if  the 
conditions  are  favorable,  and  may  thus  lead  to  diarrhea.. 

The  Diuretic  E£fect  of  Water. — Wlien  water  is  absorbed  from  the- 
alimentary  tract,  the  diuresis  is  prompt,  strong,  and  certain  so  long  a^ 
the  kidneys  are  normal. 

Three  to  5,  and  even  10  liters  may  he  taken  and  absorbed  in  the  day,  in  nuJl,  wttbonC 
altering  the  consistency  of  the  fetes.  If  a  large  quantity  is  ingested,  a  half  to  three- 
fourths  may  be  c:(cretcd  by  the  urine  within  forty-five  to  runcty  tniautcs  (MattiXl  and. 
Hawk,  tgi  t).  The  excretion  may  be  forced  above  lo  litcn>  per  day,  and  continued  for~ 
Mveral  weeks,  apparently  without  deleterious  efTects  to  the  kidneys  or  otheriNite;  thi<K> 
does  not  even  create  salt-hunger  (Sollmann  and  Hoffmann,  1905).  The  diuretic  actiom. 
of  modemte  quantities  of  water  tan  he  greatly  enhanced  by  the  addition  of  other  diu- 
retics, but  if  very  large  quantities  of  water  are  given,  the  addition  of  diuretici  ha» 
no  further  effect. 

Uypodesmic  and  inlraTenous  iniection  ol  water  produce  Uttle  or  no  diureau.  Hashi-^ 
moto,  1914,  attributes  this  to  deficiency  ot  salts,  and  nut  (u  the  production  »f  aajr" — 
diuretic  substance  in  the  aUmeRtar>'  canal,  as  was  believed  by  Cow,  1914. 

Composition  of  the  Uritte. — The  urine  in  water-diuresis  becomes 
dilute,  although  the  total  or  daily  excretion  of  the  dissolved  consUtuenls 
is  generally  increased.     However,  there  is  no  simple  relation  between  the 
increase  of  the  different  constituents,  for  instance  N  and  CI  (Ueilner. 
1Q06). 

Tfterapridiic  Use  oj  the  Diuretic  Effect. — This  is  especially  useful  ioi 
diluting  the  urine,  to  lessen  its  irritation  in  inflammations  of  the  urinary 
passages;  and  to  prevent  the  precipitation  of  its  constituents  in  urinarv 
calctiHsm. 

Theoretically,  water-diuresis  should  also  be  useful  for  the  removal  of  toxic  ikAjImwc-t! 
from  the  body;  but  tlierc  are  few  positive  data. 

Use  IN  yeiter. — Cuiihinf;  (190^]  nas  found  the  administration  of  ver>-  large  quantilic:!^^^ 
o(  cold  water  (4  ounces  every  hfte<.-n  minutes  while  awake)  of  very  marked  benefit  i^^ 
typlB>i4  fetter.  It  serves  to  keep  the  mouth  clean;  it  must  have  a  distincL  antipyreti*«  ^ 
effect;  and  it  may  aid  by  eliminating  toxins  and  waste  products.  (The  effect  ol  watc-^^- 
in  fever  ba&  also  been  investigated  by  Schwenkcnbecher  and  loagaki,  1906.) 

Metabolism. — Increased  ingestion  of  water  flushes  salts  and  mcla 
bolilet.  trum  the  tissues  and  tends  to  increase  protein  metabolism  anc^ 
oxidative  changes. 

Increased  SHrcgen  Bxcreltcn. — The  administration  of  brge  quantities  of  water  cat 
a  very  considerable  Icmfrorury  iWrfjif«  in  ihe  urinary  nitrogen,  as  much  a*  34  per  cent 
(Neumann,  11(99).  The  excess  is  excreted  mainly  a«  urea;  the  uric  acid  bemg  oftee 
unchanged.  Fairhall  and  Hawk.  191 1,  fi>und  the  urnc  •icui  uutpni  in  man  decreased 
while  the  allantoin  was  increased.  The  excretion  of  the  phosphates  and  Mjiphatci  imJ^ 
also  increased.  The  removal  of  thiorids  ia  so  extensive  that  their  percentage  is  lh^»^ 
urine  Koon  falls  to  a  very  low  ligure. 

Other  Urinary  Constituents. — WUson  and  Hawk,  1914,  report  that  the  iogcstioo 
additional  water,  motlerate  or  abundant,  causes  a  temporary  decrea>c  in  the  daily  out- 
put of  chlorid;  presumably  through  the  need  of  equalizing  the  osmotic  pruiure  «<  "^~ 
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reUined  n-zter.  Tbe  aiHiHo»ium  U  increased  (presumably'  as  a  consequence  of  the 
heightened  gastric  scidity.l.  the  phoifikaU  unchanged,  the  ucidity  vuriuble. 

lucrcasei  Xfetabolism. — ^The  exceisive  excretiim  of  metabolites  is  niainly  due,  beyond 
doubt,  to  the  "pushing  out"  of  the  tissues  by  the  diuresis  (Haas,  190&).  But  if  this  were 
tbe  only  CMue,  the  continued  excessive  adraiiiistraliyn  of  water  would  soon  exhaust  the 
stored  waste  products,  and  their  excretion  would  fall  rather  below  the  normal  figure. 
Actual  results  show  that  this  holds  for  the  chlorids,  but  not  for  N,  P  or  S;  Lheir  excre- 
tion remains  pennanently  increased,  although  it  docs  nut  remain  at  the  original 
tugh  figure  (Edsall,  1900).  There  must  therefore  be  aa  t'ncrcttsed  production  of  ihae 
metitbolius. 

Meiabclhm  in  Animals. — This  conclusion  is  gupportc<l  by  the  results  on  animais, 
althuu^h  the^  are  somewhat  different  from  those  obtained  011  man.  Dogs  in  nitrogen 
erjuilibrium  do  not  show  any  wrrraanciit  changes  in  their  nitrogen  escrcliiia  when  four 
timi-«  the  norraal  quantity  ot  water  is  admitiistcred,  notwithstanding  the  increased 
diuresis.  In  starving  dog=t.  however,  it  may  be  increased  by  80  per  cent.  The  explana- 
tion of  these  discordant  results  is  prohahtv  that  the  removal  of  the  water  by  diuresis 
keeps  step  with  the  absorption  in  the  fed  animals;  so  that  it  never  comes  to  any  considcr- 
ible  increase  in  the  water  content  of  the  body,  and  the  metabolism  is  therefore  not 
increased. 

"AltentiTe  Effect"  and  Use  in  Obesttf. — Water,  especially  in  the  form  of  mineral 
waters,  is  employed  for  its  metabolic  eilects  in  a  variety  of  obscure  conditions,  particu- 

riy  in  obesity,  but  the  nrbults  are  unccrtjiin. 
It  is  di&ciilt  to  predict  whether  the  breaking  down  of  protein  molecules  will  increase 
diminish  the  body  fat.     If  it  b  only  iiartial,  it  may  result  in  the  formation  of  fat  from 
the  proteins;  if  carried  further,  it  may  lead  to  the  destruction  of  fat  as  welL 
Local  Actions. — 'Water  is  mildly  stimulant  and  irritant  to  sensitive  surfaces. 

■  The  grnn'th  of  artitidai  cultures  of  frng's  tissues  is  hastened  by  diluting  the  scrum  ol 
fe  culture  Ouid  (Kuth,  191 1). 

■  The  effects  of  baths  and  similar  hydrolherapeutir  measures  depend  upon  rcfleaes 
Be  to  the  physical  action  of  temperature,  etc. 

I  Distilled  Water. — Thi.s  is  more  injuriou.s  than  ordinary  water  to  the 
Bwer  animals  and  to  excised  tissues;  partly  because  of  the  total  absence 
►f  salts  (especially  nf  calcium,  thus  probably  altering  the  permeability  of 
he  plasma  membrane;  R.  H.  True,  1914);  and  partly  because  it  often 
ontains  traces  of  copper  and  ammonium  compounds.  This  toxic  action 
an  not  occur  by  the  drinking  of  distilled  water  by  htgfter  animals,  which 
ibtain  their  salts  from  food  rather  than  from  water:  The  salts  of  the  food 
rouM  in  all  ordinarj-  cases  be  more  than  sufficient  to  cover  the  deficiency 
if  salts  in  the  water.  The  statements,  which  arc  occasionally  made,  that 
he  drinking  of  distilled  water  leads  to  toxic  effects,  are  therefore  entirely 
;roundless:  Distilled  water  is  often  drunk  exclusively  on  ships,  wilh- 
tut  any  bad  results.  Xor  is  distilled  water  detrimental  in  nephritis 
Marcus,  1907). 

HSffects  of  Water  b;  Intravenous  Injection. — The  immediate  efTertsoT  sm.i1l  amounts, 
Ewly  introduced  (and  especially  of  hypodtrmic  initctiens)  bear  a  general  resemblance 
tu  those  fotlowiujj  the  ifijct  linr  of  isotonic  >aU  solutions.  The  changes  in  melHht>1i?>m 
Ukd  urine  are  probably  similar  to  thosewhichoccuron  taking  waterby  mouth.  Larger 
doKfr  and  rapiu  injeclinn  introduce  important  raodidcattons.  Hi'moglobin  appears  in 
the  urine,  from  the  laking  of  the  blood  corpuscles.  The  respiration  is  sloped  and  the 
blood  pressure  is  lowered.  The  central  nervous  system  shows  rather  late  paralysis  arul 
convulsions.  The  diuresis  is  quite  small,  since  the  h>'poisotonic  condition  of  the  blood 
ilows  the  renal  circulation  by  the  swelling  of  the  kidney  cells.  The  excretion  of  water 
occurs  mainly  by  other  channels,  so  that  tliere  is  usually  a  serous  diarrhea,  increased 
lalivatton,  etc.  The  fatal  dose  of  water  (by  intravenous  injection)  i*  *omrwhat  smaller 
than  that  of  normal  »line  solution;  distilled  water  is  again  somewhat  more  toxic  than 
Hdl  water. 

Ir  The  Withholding  of  Water. — Tliis  affects  the  metabolism  in  much  the  same  way  as 
■r  adminislmtioii  of  salts  in  hyperisotunic  solution:  The  excretion  of  mrtal>olites  is  at 
Est  lowered,  by  the  lessened  diure<is;  but  as  the  destruction  of  proteins  is  at  the  same 
time  increased  the  excretions  of  metabolites  Is  also  increased  after  a  time.  When  water 
Ift  given,  the  stored  metabolites  are  washed  out,  leading  to  a  very  greatly  increased 
Bccrction  (Londauer,  1895;  Straub,  1899;  Spiegler,  lyoi). 
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pr£:par.\tions — water 

M71M,  U.S.P. — The  purest  naturai  potable  water  obtatniiblc. 

*AquaDeitUltUa  (Aq.  Dest.i,  L'.S.P.,  B.P.;  Distilled  water. 

'Aijua  DcitUma  Sl€nlisala  (Aq.  Dcst.  Stcril.).  U.S. P.— Sterilized  DislUlcd  Water  for 
injections  sbouM,  if  possible,  be  used  wilUia  (urty-eight  hour^  uflcr  it>  prcparsUua;  lo'~ 
old  distilled  water  is  seriously  contaminated  vrith  bacterial  products. 


BIHfERAL  WATERS 

Thefle  will  be  discussed  more  in  det-iil  in  other  places,  according  to  thctr  iiigrcdi«oti 
but  the  whole  subject  may  be  very  briefly  summirized  in  the  following  compilatiun: 

The  action  uf  natural  mineral  waters  ha^  l>ceii  known  empiiically  tiatc  remote  til 
Their  use  came  about  probably  by  accidental  observation  and  also  through  the  markt 
laslc  which  ihey  poswss. 

Spring  and  Artificial  Mineral  Waters. — .\  very  .■ttrikinKobAe^^■ation  wa<>  early  mad 
namely,  that  these  mmeral  water*,  when  used  at  their  source,  appear  to  be  more  cticctu 
than  artificial  compnundt^  o(  practically  the  same  composition,  or  even  than  the  um 
water  when  used  at  a  distance. 

The  most  diverse  explana'.ions  for  this  have  been  advanced.     E«p«ciat1y  in  the  c«- 
of  thermal  waters,  ww»lled  tellurial  forces,  some  mysterious  prc^crty  imparted  to  the- 
by  the  earth,  have  been  invoked.     Since  the  discovery  uf  radium,  tt  lias  been  found  th 
some  mineral  waters  are  sUehily  radioactive,  and  this  has  been  used  to  explain  th« 
action.     Others,  again,  have  laid  great  stress  upon  the  presence  of  minimal  traces  of  nm 
elements,  somewhat  upon  the  homeopathic  principle.     Still  other*  believe  (hat  t 
arlitki.il  waters— even  if  they  contain  tiic  same  elements  in  the  same  proportion — do  tm 
contain  them  in  the  same  state  of  combination;  for  iaitance,  that  the  arUfii.'iaI  w«H 
would  contain  NaCl  ami  MrSO,,  the  natural  water  MgClj  and  NaiSO».     This  is, 
course,  contrary  to  the  demimM  rated  f^cts;  all  s.olulionsconUiiiung  the  same  proporlit^ 
of  the  same  ions,  will  have  these  ion»  pre<»ent  in  the  same  state  of  combination,  no  mat^ 
what  particular  salts  were  used  to  introduce  these  ions.    There  U  nothing  in  any  of  thi 
thwincs.     M  inera!  waters  are  simply  solutions  of  the  indredicnLs  of  the  soil,  and  " 
only  the  action  of  those  ingredients  which  are  present  in  notable  amount. 

The  difference  bctwren  the  water  of  natural  sources  ami  the  artificial  solutioiu  re  - 
upon  other  causes,  which  arc  sufficiently  ea.'*y  to  appreciate,  but  dirficult  to  reproduc— 

Thfff  fiultirs  rr/cr  largfly  to  hyuient  and  climatf.  .\  lar^e  pr(iportipn  of  the  eBea* 
mu^tt  be  attributed  to  the  rest,  the  freedom  from  care  and  business  pursuits,  the  txhilars 
in^  effect  of  improved  hygienic,  atntospheric,  and  *cenic  conditions,  better  rej;ulatioc>- 
all  the  habits,  of  diet,  eKerci#e.  etc.  The  mere  drinking  of  large  quantities  of  flui(fll 
also  something  which  it  h  diflituU  to  enforce  at  home,  but  which  the  patient  does  re 
larly  in  watering-places,  .\dded  to  these  comes  finally  the  specific  action  of  the 
solved  salts. 

The  effect  of  mineral  ftalhs  is  purely  local  anti  reflex.  There  i*  praclically  ma  oAuM 
lion  of  the  dissolved  salts  through  the  skin.  The  effect*  arc  in  general  the  same  as  wi 
hydrotherapy,  excepting  that  they  arc  somewhat  >lrongi:r. 

The  waters  of  mineral  springs  var>*  in  temperature;  those  below  35*C.  are  cal"^ 
cold;  35  to  37.5°,  warm;  above  thi»,  hot.  The  lii^ht-r  temftrraturcs  favor  absorplitf 
and  are  therefore  more  favorable  for  alkahne  waters;  cold  causes  motor  stimulatla» 
the  alimentary  tract,  and  ts  preferred  for  cathartics. 

The  molecular  concentratioa  of  mineral  waters  varies  connderahly;  the  d<, 
sion  of  frcczing-jjoinl  is  1.0150  for  Hunyudl  and  Apeuta;  0.320  for  Vkliy;  o.*7S 
Carisbad;  0.140  for  ^Jjwllttmris,  etc.  (Kostkcwicx.  iSgg}. 

Classification. — These  waters  are  usually  classified  according  to  the  contained  safl 
Various  clasailkations  arc  current.     The  following  will  be  used  here: 

1.  Plain  Saline  (N'aCII. 

{(a)   Plain. 

2.  Carbonated:  ]  (b)  Alkaline  (KaHCO|). 

t  (f)  Saline  (Na,SO.). 

3.  Magne^Ia. 

4.  Sulphur. 

5.  Chalybeate. 

Occasional  condtitucnt^  of  small  importance  arc  Ca.  I.  Br,  Li,  and  ^Vs. 

The  physiologic  effects  of  the  majority  of  these  constituents  will  be  diwiused  uncii 
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heir  reflective  he&dings,  and  will  only  be  very  brieEy  alluded  to  in  this  place.  It  will 
Iso  be  impossible  to  take  up  the  composition  and  special  indications  of  the  different 
lineral  waters,  in  anything  like  an  exhaustive  manner.  It  will  be  necessary  to  illus- 
rate  these  classes  on  only  a  few  well-known  waters.  It  need  scarcely  be  mentioned  that 
be  above  classification  is  not  an  absolutely  sharp  one,  but  that  many  mineral  waters 
dong  partly  to  several  classes. 

llie  composition  of  American  Mineral  Waters  may  be  ascertained  from  the  publica- 
ions  of  the  U.  S.  Bureau  of  Chemistry.  , 

I.  Plsin  Saline  Waters. — These  are  used  mainly  externally  for  baths.  The  most 
YfkaX  is  sea-water  (see  Index). 

Artificial  sea-baths  may  be  made  by  dissolving  4  per  cent,  of  sea  or  rock  salt  in  water. 

Some  of  the  important  saline  sources  are  the  following : 
'.uropean: 

Pee  1,000: 

Fixed  Salts      NaCl        Temperature  (C.) 

Kissingen' 15  11  18. 5° 

Baden-Baden '28  a  i  18.5° 

Nauheim   30  25  330° 

mencan:  Saratoga  Congress,  New  York,  approaches  Kissingen. 

a.  Carbonated  Water8.^(a)  Plain.— In  these  the  COi  is  the  main  constituent.  This 
ids  digestion,  and  these  waters  are  used  mainly  as  plain  table  waters.  The  most  used  is 
le  artificial  soda-water. 

An  example  of  a  natural  carbonated  water  is  Apollinaris: 
er  1,000  Cm.: 

NaCHOi  NaCI  NmSOi  COi  Temp. 

1.2  0.4  0.3  1.5  21° 

(b)  Alkaline. — These  contain  a  notable  amount  of  NaHCOj.  They  have  the  alkaline 
Tects  and  are  therefore  useful  in  gastric  catarrh,  hyperacidity,  hypersecretion  of  mucus, 
id  as  diuretics,  in  obesity,  gout,  urate  stones,  and  diabetes.  They  are  most  useful 
hen  taken  hot  and  dnmk  very  slowly,  since  in  this  way  they  cause  the  least  irritation 
,  the  stomach. 

(c)  Alkaline  Saline  Waters. — These  waters  usually  contain  in  addition  some  NaiSOi. 
he  Indications  for  use  are  the  same  as  for  the  preceding.  The  cold  waters  contain 
Lore  CO]  (Marienbad  and  Franzenbad).  The  hot  alkaline  waters  are  very  numerous. 
he  following  may  be  taken  as  examples: 

urofean  Carbonated  Alkaline  Waters,  per  1,000: 

NaHCOj  Free  COi  N'aCI  NaiSOi  Temp. 

Vichy* s-o  500  ...  o.a  40° 

Ems 2.0  500  i-o  ...  40* 

Selters 12  i ,  200  33  ...  cold 

Spa,  Pyrmont,  Wiesbaden. 

mterican:  Saratoga  Setters,  Saratoga  Vichy,  Sweet  Springs  of  Virginia,  Gettysburg,  etc. 

(d)  Of  tiie  carbonated  saline  waters  the  most  representative  is  the  Carlsbad.  The 
jrmulm  for  the  artificial  salt  is: 

KjSO* o,  la 

NaiSO. 2,64 

NaHCO, 3.16 

NaCI 1.08 

6.00  Gm. 

^  PormtUa  for  Artificial  Kissingen  (N.F.): 

PotaMium  Chlorid ,  .    17 

Sodium  Chlorid 337 

Magnesium  Sulphate 59 

Sodium  Bicarbonate 107 

Twenty-four  graios  of  this  to  6  ounces  of  water  (^i  teaspoon  to  a  tumbler)   is  the  usual  dose. 

^Formmtafor  Artineial  Vtchy  (N'.F.): 

Sodium  Bicarbonate 846  o  Gm, 

Potassium  Carbonate 38  .  S  Gm. 

HasTieslum  Sulphate 38  .  s  Gm. 

Sodium  Chlorid 770  Gm. 

Pourteen  graias  to  6  ounces  of  water  (M  teaspoon  to  a  tumbler)  is  the  doso. 
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This  quantity  (a  tea^^pnonfulj  is  the  propri  amount  for  a  Utrr  i.qu&rt)  of  irttrr. 

3.  MaxnesU  Waters. — These  contain  MgSUi,  Na,SOt,  CaSO*.  AlgCIfc  but  no  C*-*» 
They  arc  useful  as  oithartits.  If  they  cimtain  CaCOi,  ihc  alkaline  aclion  cilc«»^** 
deeper  inUi  the  inlrslinc  than  in  the  case  of  XaHCOi. 

European,  in  1,000  Gm.: 

M|SO.       Na>SO.         CaSO.  NaCI  H«C1«  

Munyatii  J&nos  23  3  33  5  i.j  ... 

ScicUiu. .  13.5  14  .■■  0,4 

I'^psom  aiTiii  Friedrichfihall  belong  10  the  same  class. 
Americcn:  Crab  Orcliartl,  Kentucky,  and  Bedford  Springs  Penneylvaiua. 

4.  Sulphur  Waters. — These  contain  free  HjS  am)  sulphids.     RKiernally  tbe>*  %\a 
late  the  skid  and  ^iften  the  epidermis;  internally  they  atrt  a^  catharttc^t.     They  h 
considerable  reputation  in  the  treatment  of  chronic  rheumatism.     Some  examples  a^ 
Aix-la-ChapeHc.  Harrogati:,  Virginia  Sulphur  Springs.     The  followiriK  uiU  give  an  i 
of  their  compoiutinn: 
/«  X, 000 Cm.: 

Pr«e  HiS       NmSO.  .SaCI  Tenp. 

Aix-levBainfi o.ooj  0.092        0-030  44* 

5.  Chalybeate  Waters.— These  contain  Ke,  usually  as  bicarbonate,  also  NaCI 
NajSOt.     Tilt  amount  of  iron  is  from  o  01  to  0.1  J  of  FeO  per  liter,     'fhe  mo*l  f* 
fipringE  are:  Tunbridfie  and  IlriKhton  in  Knf;land;  Pyrmont,  Wicfibadrn,  and  Spa. 
the  Continent;  Bedford,  Ftttsburj;,  Brandywinc,  aod  several  Virpnia  spritig»,  tn 
Uiuted  States. 


CLIMATE 

This  ift  of  such  great  importance  in  the  action  of  mineral  waters  that  it  may  be 
cu!t£ed  in  tlus  place.     Only  the  routihc^t  sketch  can  tie  siven.  and  the  ■.tudeot 
refer  to  special  text-books  for  further  description. 

The  principal  elements  which  enter  into  the  dimale  are  the  follon-iog: 
Purity.' 

Density  f Altitude). 
Air:  {  Moisture. 

Temperature, 
Special  Constituents." 

3.  Sunlight, 
jt-  Water,  Purity  of.  • 

4.  Conditions  of  Lifc^comfurt,  hygiene,  rest.  dlvrrMun,  ploisaol 
oul-uf-door  life.  etc. 

The  subject  of  climatology  is  very  largely  empirical.     The  work  which  has 
done  on  the  effect  of  the  difTerenl  climale*>  upon  metabotisin,  nutTillon,  etc.  U  aa 
too  limited  to  he  of  great  value. 

The  principal  (timatrs  iifeJ  in  Iheraptulia  are: 

X.  Sea. 

2.  Dry  and  Warm. 

3.  Elevated. 

1.  Sea  Climate  (Including  Islands  and  Sea  Voyage}.— The  important  effecu  of  ^ 
are  related  to  roa-itant  tcmfieraiure,  humidity,  and  purity  uf  the  almuifihere,  aaA 
general  surrounding  conditions. 

This  ilimale,  being   \ery  restful,  i*  especially  useful  in  CAMS  rrf  OXTTWOrk.  _, 

freedom  from  atmospheric  impurities  also  renden  it  valuable  in  hay  fever  and  phthi*^^^ 

2.  D17  and  warm  climate,  ^uch  as  in  deserts  and  Hgypt,  southwestern  Texas, ' 
Southern  California,  or  in  the  pine  sections  of  (icorgia  and  the  Carolinas 

The  special  advantage  of  this  climate  consists  in  iu  permitting  outdoor  life  in  winl 
tt  is  peculiarly  valuable  !n  lung  disonlers  which  do  not  stand  a  northern  tempcratuic^'-'' 


•  Purity:  Thi»  r«fcT«  npccuidr  to  ibt  ftbMocv  of  tuicteria,  bul  other  flserl  impuritici  nav 
ba  of  tnujurtnnce ;  r.£.,  thr  catuation  at  ha/  (ever  bjr  trallen.  In  citio.  vMioai  dWtsaccaMi 
also  be  detalrriou*  imparities. 

*  Of  Bach  flpccial  constiltKnt*.  the  kromaiic  ailsKiv<w  t>IT  by  ruvcUr-Irr^  mar  b*  tm  1 
valoe  aa  antitrptk*  and  itimulanti  in  phthisis.    Tm  prarnec  of  oaoiw,  it  ii  ia  of  any  li 
■arvca  mainly  to  iodicau  ihc  |[«iKtal  polity  of  the  ntmoKpti^re. 
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3.  Elevated  Climates. — These  arc  geaera.lly  aseptic,  and  llic  air  is  cool  and  dry. 

tat  importance  tan  itc  given  to  the  rarefaction  of  Ihc  atmoftphere  is  not  at  present 
dear,  still  less  the  manner  in  which  this  acts. 

The  rate  of  the  heart  and  rcspiratioQ  is  at  first  increased,  but  later  it  relunu  to 
rmal. 

The  quantity  o{  urine  is  increased,  ag  also  the  gaseous  metabolism  and  respiratory 
quotient.  The  nitroRcn  excretion  is  diminished  (Jacqucl  and  StiihcUn.  1901).  The 
blood  becomes  rapidly  more  concentrated  in  torpusclrs,  and  thiC  semm  in  proteins. 
The  absolute  amount  o!  corpuscles  and  of  bemoglobin  is  not.  however,  much  increased 
at  first,  but  notably  so  later  (Jacquet,  1904]. 

These  dimales  cuuse  improvement  in  a  number  of  condition^  probably  in  part  due 
a  greater  exercise  of  the  organs  from  cUmbirm,  etc.     They  are  usrfui  in  d>-spFpsia, 

mta,  rhiornus,  in!U>mnia,  asthma,  and  con!^urapljon. 

High  climates  are  unfawrabie  to  feeble  conditions  of  the  heart  and  vcsscU,  which 
should  be  sent  to  the  seashore. 


DIURETICS 

Diuresis  (incrca.4c  of  the  quantity  of  urine)  is  produced  by  many  sub<.tances  acting 
various  mechanisms,  and  belonging  lo  diifereni  groups.     The  whole  subject  may, 

hovever,  be  sumnoarized  in  this  place  as  a  con&iderabte  proportion  uf  the  diuretics  act, 

at  leaat  in  part,  by  salt  action. 

fThe  details  of  the  actions  of  diuretLcs  will  not  be  discussed  in  this  summar>'.     They 
y  be  found  by  referring  to  the  individual  drugs. 


I.  Acting  through  changes  in  the  gencml  circulation. 

3.  Acting  purely  by  IimtmI,  irritant  stimulation  of  llie  kidney  I'cUs. 

3.  Acting  ny  non-irritant  stimulation  of  the  kidney  cells. 

4.  Acting  mainly  by  salt  action. 


t.  Diuretics  Which  Act  by  Influencing  the  General  Circulation.— The  secretion  of 
urioe  iii  roughly  pniporiiunal  to  the  glomerular  blood  presiiurc.  This  may  be  raised  1^ 
iocrea^Jng  ihc  work  of  the  heart,  as  by  Pigilnlis  (which  arts  also  by  increasing  the  pulse 
wave,  Ic-Moing  venous  congestion,  and  renderinR  the  blood  hydremic).  Vasoconstiic- 
lora  generally  act  very  powerfully  on  the  renal  arterioles,  so  that  they  tend  to  lower  the 
Klamerular  pressure,  notwilhstanding  the  rise  uf  general  bUxMl  pressure.  Vasodilators 
kLk>  tend  to  lower  the  glomerular  pressure.     They  arc  useful,  however,  when  a  vaso- 

rstrictiiin  is  tn  be  counteracled, 
1.  Irritant  Diuretics. — Medtratr  irritaihn  raiwrs  the  glomerular  pressure  by  dilating 
renal  arterinles.  1 1  is  conceivable  tlial  it  also  stimulates  the  vital  secretory  atti^-ily 
dF  the  celt.  Exussht  irritolion,  on  the  other  hand,  produces  venous  congestion,  which 
bonders  the  filtration  of  urine  by  compressing  the  tubules.  The  cells  are  also  injured, 
~  \  shovm  by  the  apivearance  of  albuminuria ;  ami  tlieir  permeability  is  thereby  lessened. 
Irritant  diuretics  are  ver^'  numerous  and  only  a  few  of  the  mure  important  can  be 
idoned: 

(tf)  Esjentiai  Oils. — Especially  turpentine,  juniper,  cubcba,  etc. 
(6)  Ilydriicarhoru. — Alcohol,    ethyl    carbanmCe,    hexamelhylenamin,    etc.     These 
luce  urdy  a  mild  irritation. 

(Thr  diuretic  action  a{  beri  is  due  mainly  to  the  rapid  ingestion  of  itK  water;  at  least, 
EtaphacI  (t8i}4}  foiled  to  discover  any  dificrcncc  in  the  daily  excretion,  wbcther  a  liter 
ti  water  or  of  beet  vras  taken.) 

Se)   Ahsorhiihlr  \friiih. — Fsiieciatly  Calomel. 
if)  OVufAji^Jr.— -These  are  closely  related  to  the  aromatic  series.     Here  bdong: 
Iroom  Tmjs  fScoparius).     These  owe  their  diuretic  action  to  Scoparin.     The  alka- 
Spartcin  (see  Indcxi  docs  not  contribute  to  it. 

Asparagus  tops  seem  to  act  similarly.     They  are  given  in  5  c.c.  dfwe«  of  the  fluid- 
Corn  SDk,  Triticum,  Guaiac,  etc.,  may  be  counted  in  this  group. 
Cantkariditt.  Aloin,  etc.,  are  too  noweriul  for  therapeutic  use. 
(e)  Acids.  Alkoiirs.  ond  Some  Sails  {nalabiy  SitraUs)  are  also  mildly  irritant. 
3.  SdmuLuit  Dhiretics, — This  is  the  place  generdly  assigned  to  caflein  and  theo- 
cnin;  part  of  their  effect,  however,  is  due  to  peripheral  dilation  of  the  renal  arterioles. 
inilant  action  has  been  described  for  coffcio  and  theobromio  even  for  large  doses; 
it  baa  been  noted  with  theodn. 
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4.  Stilus  Diuretics. — Water,  ults,  &ugar8.  urea,  etc.,  act  by  lessening  the  \*uciditjr 
of  the  bl'Hxi,  tlicreby  iiicrvu:iiiit{  it:i  lUtrability  und  niising  Ok  glumcrular  prcvMirc;  by 
slirinking  the  renal  cells;  and  by  preveoting  ihe  reabsorption  of  water  fruin  tbr  tubulea. 
Rii'-iscd  rcn&l  artery  is  markedly  dilatnl  by  urea  or  sodium  sulphate,  while  tbe«e  have 
no  effect  on  carotid  artery  ICow,  1911).  In  addition,  it  is  rather  probable  that  they 
cause  the  slimulatidn  of  the  vital  ai-tivity  of  the  kidney  celU,  This  »  most  pronounoed 
in  the  cau  of  railk-fiUjiar;  urea;  ioduU;  nitrates;  alkalies;  and  acids. 

WiUrr  may  be  rcndcrcil  more  palwlaMc  by  carbonic  acid,  or  by  giving  it  at  lemonade. 
or  as  teas.     These  additions  cnhanc«?  its  diuretic  effect. 

Sorm^jl  Saiin€  solution  may  be  injected  hypodcrmicaUy  or  by  rectum. 

ifiik  is  a  vcr>'  clTiricnt  diuretic,  acting  partly  by  its  water,  partly  by  lt&  sugar. 
Milk-»ugar  and  Urea  are  given  in  doses  of  10  to  jo  Cm. 

Dilukxi  Inorganic  Acids  (in  the  form  of  lemonade)  are  rather  too  irritajit  to  the 
stomach  and  kidneys  and  are  to  be  u%e<]  only  if  an  acid  action  is  distinctly  indicated.    _  M-^. 

Aikiiiies  are  quite  effective;  they  also  reader  the  urine  alkaline.  Free  alkalici  and  ^^^-sd 
Carbuuates  are  not  used,  since  they  interfere  w-ith  digestion.  The  effect  is  obtained  f Mm .a-x-»' ^m 
organic  acids  and  ih^ir  sails  (especially  the  acetate  or  citrate  of  potassium),  which  afc-^  -m  .^it 
oxidised  to  carbonates  in  the  body. 

lodidi  and  \iirates  are  given  as  the  pntas-sium  fAlts..  The  lodid  acts  too  powerftiUj^g  M  ffiy 
on  other  functions  to  be  used  as  a  pure  diuretic.     The  reputation  of  lithium  is  unmerited.  £»>9ed. 

The  comparative  diuretic  effect  of  ihe^^e  drugs  on  normal  man  wa^  investigated  b>^^^^by 
Raphael  (iSq^V  who  placctl  him«elf  on  a  uniform  diet  for  prolonged  perindi.     He  coo-^:^ 
sjrard  dailv  1.180  c-c.  of  fluid;  the  quantity  of  urine  on  tnis  diet  amounletl  to  75a  ta^^^ 
960  c.c.     Under  the  influence  of  drugs,  It  was  increased  by  the  following  percentage: 


0.3  Gm-  Caffcin-Sod.-Salicyl.— 41 

per  cent. 
o-S  Gm.  Uiuretin  —  a  per  cent. 
i-S  Gm.  Diuretin  — 14  per  cent, 
5.0  Gm.  Diuretin— S3  per  cent. 


i.cxx)  c.c.  water— 100  per  cent, 
i.Qoo  c.c.  carbonated  water — 73  per  cent. 
1,000  c.c.  beer — 100  per  cent. 
i.ooo  c.c.  claret — So  per  cent. 
1,000  c.c.  milk— 153  per  cent. 
30  Gm.  milk-sugar — 34  per  cent. 
0.4  Gm.  turpentine — 11  per  cent. 
0.2  Gra.  01.  Jump.  +  1,000  c.c.  w-ater^i  1 1 
per  cent 

In  disansf,  the  result-)  would  prohahly  not  be  quite  the  same.     The  choice  of  tW- 
diurctic  must  be  determined  by  the  condition  of  the  kidiKx-s,  and  by  the  object  to  W 
atcumpUshed.     (In  dugs  wjlli  vesicil  fistula,  Ginsberg,  1913,  found  milk  less  cffecti»- i 
than  water.) 

Combination  of  Diuretics. — A  combination  of  several  diuretics  is  often  most  effe^»- 
live;  they  are  generally  admini^^tered  with  plenty  of  water.     Schlosser,  1013,  fountl  th.fd 
the  combination  of  callein  and  intravenous  sodium  sulphate  gave  a  potentiated  i\\ 
gtstic  effect;   white  the  comhinaticin  of  caffein   with  tncobromin  or  theophyllin  g«' 
only  a  Mmple  addition  of  their  action. 

The  indications  for  diuretics  are  as  follows: 

1.  The  removal  of  liquid  from  the  body,  in  the  various  forms  of  dropa^  ^=P4 
In  this  case  it  is  well  to  employ  them  with  as  little  fluid  as  possible. 

If  the  dropiiy  is  of  cardiac  origin  drugs  of  the  digitalis  series,  carobin< 
if  necessary  with  nitroglycerin,  are  the  most  efficient  diuretics,  and  saf-^^-alls 
may  also  be  added.  If  it  is  of  metabolic  origin,  benefits  mav  follow  saF^^^adt* 
or  arsenic.  If,  however,  it  is  of  renal  origin,  diuretics  should  be  avwd  J£:*^e{i 
aUogether,  and  recourse  should  be  had  to  diaphoresis. 

2.  To  retttftvc  toxic  subslanres  from  ike  organism,  whether  these  ha.^^  ■ve 
been  introduced  from  without  or  formed  within  the  body,  a  free  supf^  ^V^Y 
of  water,  in  the  form  of  infusions,  supported  by  the  irritants,  salts,       .^1  or 
theobromin,  fulfils  the  indication.     The  hypodermic  injection   of   la^  -^fJPt 
amounts  of  normal  salt  solution  is  a  most  effective  method.     Irrilar  — *nts 
must  be  avoided  if  the  kidneys  arc  indamed,  or  if  the  poison  is  it^»=-J«^ 
irritant. 

The  cfTiciency  of  diuretics  for  the  removal  of  poisotu  has  been  greatly  overcatinu ^'b' 

They  are  practically  usclesA  when  Ihe  toxic  substance  combines  in  the  body,  as  do        '^ 


\ 


toxins,  strychnin,  etc  They  ar«  most  eAecUve  against  utinc  poi^ns.  such  as  magnc<i- 
(MclLu-r,  190;).  Irritant  iliurclits  hasten  the  climiaation  of  Phenolsulphoneph- 
lini  thnse  which  act  meihanically  do  nol  (Kowntrcc  und  (Jcra«hty.  1912).  Chris- 
ti*n.  1913,  tried  a  series  of  diuretics  it)  expfrimrntui  nepkritis,  with  practically  negative 
results.  CliniaLily.  diuretics  arc  ^cn^rally  inefficient  in  chronic  nephritis,  in  the  abseace 
of  edemas;  axid  are  therefore  of  little  value  against  the  toxemia  (Curistiaii  ctal.,  1915). 

3.  To  Dituir  tilt  tV»M-.— This  may  be  useful  (a)  to  render  it  less  irritant 
to  the  urinary  passages  in  nL-phrilis  ur  inllammatiun  of  the  bladder  or 
urethra;  it  abo  serves  a  useful  purpose  in  frtKjucnily  washing  out  the  pus 
and  bacteria. 

ib)  To  prevent  the  formation  of  calculi,  or  to  remove  concretions 
fonned  in  the  urinary  tubules  {as  in  oxalate-poisoning). 

(()  To  dilute  irritant  poisons,  whose  action  on  the  kirlneys  is  propor- 
tional to  their  concentration. 

For  the  dilution  of  the  urine,  water  supported  if  necessary  by  theo- 
bromin  is  of  the  greatest  service. 

Nephritis  contraindicates  irritant  diuretics,  and  such  as  will  become 
poisonous  if  they  are  not  excreted  (potassium,  digitalis,  mercury). 
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General  Statemeot. — This  constitutes  the  greater  part  of  the  electro- 
lyte* of  the  li>5.ue^  (with  certain  exceptions),  and  especially  of  the  fluids, 
«f  vertebrates.  Its  ions  are  essential  for  the  functionation  of  most  cells. 
Since  the  ions  are  const.intly  excreted,  especially  by  the  urine,  they  must 
"fce  constantly  replenished,  leading  to  the  instinctive  use  of  salt  in  food. 
3ts  administration  to  mammals,  even  by  intravenous  injection,  pro- 
<iuces  practically  only  osmotic  effects;  but  marked  ion-actions  may  Ijc 
<;jl>served  by  exposing  excised  tissues  to  solutions  with  or  without  the 
sodium  and  chlorid  ions. 

The  therapeutic  uses  of  salt  depend  mainly  on  its  osmotic  effects, 
hese  resu!i  in  stimulation  of  the  gastric  mucous  membrane,  leading  to 
ts  use  as  condiment  and  in  some  indigestions;  under  suitable  conditions, 
laxative  action;  irritation  of  the  skin,  with  attending  reflex  stimulation. 
lilized  as  salt-water  baths.  After  absorption,  it  leads  to  diuresis  and 
light  melaboHc  changes.  Isotonic  solution  is  used  as  vehicle  or  for 
eansing  sensitive  mucous  membranes,/.;.,  the  nose,  and  for  hyiwdermic 
,d  intravenous  injections.  These  saline  infusions  are  employed  in  hemor- 
age,  collapse,  and  for  the  dilution  or  removal  of  systemic  poisons. 

The  inlravenou-s  injection  of  strongly  hypertonic  solutions  is  fatal, 
th  stimulation  and  paralysis  of  the  central  nervous  system. 
Retention  of  chlorid  occurs  in  certain  pathologic  conditions,  especially 
umonia  and  other  fevers,  nephritis,  cancer,  etc.  Its  mechanism  is  not 
laiiied.  It  may  favor  the  formation  of  edemas,  against  which  salt-poor 
It  is  sometimes  efficient. 

[■CI  Income. — With  ordinary  cUets,  thU  ranges  bctvrccn  10  and  15  Gm.  per  flay;  but 

j'duc  lion  to  5  Cm,,  ur  even  1  to  a  Gm.,  causes  no  dislurlKincc,     Carnivorous  animals 

^n  .1  suf&cient  supply  in  their  food.     But  <iince  R  predominates  over  Na  in  tht: 

t>i  plants,  herbivora  and  anitnaU  feeding  on  a  mtjccd  did  require  additional  N'aCl. 

|nceii  ha^  leil  to  the  imtiHtiivr  usr  of  ihh  ftti:  in  regions  temolr  frtim  dei^msits  of  this 

lieis  of  plants  which  are  rich  in  N'a  have  been  used  by  peoples  a^i  ijniorant  as  the 

of  the  inlerinr  of  Africa.     A  tabic  of  the  salt  content  of  food  h  given  by  Leva, 

If.  Verd,  Krankh.  t6  :  367, 
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Distribution  ol  NtCl  in  the  Body. — The  most  exact  and  comprcliuuive  ActtrmDOr 
lions  are  thuse  of  Wuliigrcn.  iQog,  bo<1  Padtbcrj;.  igto,  on  dogs.  Similar  rdittonf 
probably  hold  for  man  a.nt\  nthrr  ai]ima1>.  Thr  rnlirc  body  conUuns  about  0.17  per 
cent-  expressed  us  CI  (o.  1 1  per  cent.,  Kosemann,  1 910).  Of  this,  about  a  third  U  In  tbe 
skin;  ihc  nrmaindcr  thit^fty  in  ttic  blood,  musct»,  bones  and  intestines.  The  highest  per- 
rentage  of  CI  exists  in  the  skin  (o.jS  percent.);  then  the  blixxl  (o.ji  percent.);  kidncri 
(0.26  per  cent.);  and  lungs  (0.34  per  cent.).  The  bnun,  bono  and  intcstiaci  contain 
0.17  to  o.[H  per  cent.;  the  liwr,  0.13  per  cent.;  the  muscles  only  0.07  per  rent.  Atxonl- 
ing  to  other  dcterminatioiui,  blood  scrum  contninH  0.36  to  0.41  per  cent,  (equivalent  to 
0.0  to  I  per  cent.  XaCI);  saliva,  o.ih  to  .on  |j«r  cevt.  CI;  the  human  intestinal  juice 
0.5S  to  0.67  percent.  NaCI;  sweat.  0.285  percent-  (Kovesi);  human  gastric  "appetite'* 
juice  0.4Q  too.5&  percent.  CI  (Carlson,  1915).  The  red  blood  corpuscles  C(»ntain  o.  11  to 
0.18  j>ef  cent,  of  CI,  and  o.it  to  o.j8  per  cent,  of  Xa^O;  except  in  M>roe  animal\  (harsr, 
|>kand  rabbit),  whose  corpuwles contain  practically  no  Na  (sec  Potassium).  The  chlo- 
rid  content  of  the  entire  hunrnn  body  is  estimated  at  (>o  to  153  Om.,  etjuivalent  tu  1 30  to 
joodm.  of  NaCI  (MaKnu!^-Lc^'>^  iQo'i). 

Artificial  Variations  of  Chlorid  Content-- Pudtbcrg  studied  ibe  chuisn  I'oUowioK  the 
intravenous  injctllon  of  NaCl.  Here,  also,  the  skin  maintains  the  hignest  percentaftt 
but  because  of  their  greater  mass,  the  mu.u:les  and  intestines  take  up  the  Rremtet  abso- 
lute amount.  With  Ct-poor  food,  the  tola!  CI  content  sinks  to  0.117  V^  cent.,  the  lens 
being  greatest  from  the  skin.  The  >kin  therefore  acts  as  a  chlorid  depot,  storinit  aod 
gi^Hnp  off  most  o(  the  excessive  or  deficient  Cl.  Rowmann.  iqii,  found  the  cotjrr  CI 
content  increased  by  100  per  cent,  when  rioK>  were  given  highly  <alted  food.  With  the 
return  to  normal  diet,  the  Cl  content  returned  to  one  and  one-half  times  the  ordinary 
level  within  five  d-iys;  tfir  further  fall  to  normal  ixcurrcd  much  more  slowly. 

Chlorid  Content  in  Di»ease.— Diemacki,  i&g4,  found  the  Cl  of  the  Mood  constant  b 
numerous  diseases.  Jav;tl  and  .\dlcr,  iqoCi.  determined  the  itercenlage  of  C)  mnd  wstrr 
in  the  organs  after  death  From  various  diseases,  with  a  special  reference  to  edenui:  but 
the  results  were  not  decisive. 

Leva,  1015,  states  that  human  organs  in  renal,  cardiac  and  vascular  disease  may 
contain  twice,  the  skin  even  three  limes,  the  normal  amount  of  Cl.  wtthoot  matchal 
increase  of  their  fluid.     Similar  results  were  obtained  on  uranium  rabbits. 

F.  C.  >rcLe3n.  ioi5f  found  the  chlorid  of  the  plasma  increased,  clinically,  in  cardkc 
and  renal  disturbances,  and  in  pneumonia;  diminished  in  diabtrtes  and  with  diuretsts. 
The  rhlorid  and  urea  content  of  the  plasma  do  not  go  parallel.  In  uremia,  the  diniiait- 
tion  of  btood<chlorid  is  concomitant  with  increased  hydrogen  ion  concentration  fMcLcBli, 
It)  I  ft), 

Microchemic  Distribution. — A.  B.  Mncallum,  1905  aod  iqoA,  found  the  chlorid  n>Mt 
abundant  in  the  iniutivc  tissues,  especially  in  the  intercellular  spaces  and  in  degcnerat- 
ing  cells.  Il  is  ahst-nt  front  the  nuclei  (as  also  PO)  arul  K,  and  probably  all  athief  iitur- 
Iganic  ions);  but  it  occurs  abundantly  in  the  cytoplasm.  Nerve  fibers  are  rich  in  0. 
.especiallv  the  nxon»;  but  the  myeline  sheaths  are  free  from  it,  and  nerve  ceDs  cooUia 
very  Httlc  (MaoUlum  and  Menten,  T906). 

Excretion  of  NaCl. — This  occurs  mainly  by  Ihc  urine,  only  u  stnall  pcv 
being  liist  by  the  feces  and  pcrspiratiim.  Tlie  excretion  varies  quanlix^ 
lively  with  ihe  salt  income,  but  generally  lags  somewhat  behind  in  lit 
The  administration  of  sail  therefore  produces  a  temporary  accumulal 
in  the  tissues.  With  a  steady  income  of  salt  and  water,  cquiUbriui 
reached,  in  normal  man,  in  ihrec  or  four  days  (Uoretli  and  Girardi.  191 
If  the  supply  of  salt  is  stopped,  the  excretion  falls  lo  a  vnry  low 
within  three  days,  the  tissues  retaining  iheir  normal  salt  conient  with  vt 
great  avidity.  A  small  excretion  (0.6  to  0.9  Gm.  daily  in  man)  coniintci-^*** 
however,  so  that  the  tissues  finally  lose  salt.  This  leads  to  the  pbeiu»n^^  -«*** 
of  "5(i//-Aii«g«-." 

Ptat. — The  fecal  chlorid  excretion  is  normally  insignificant,  but  in  nephritis  il 
reach  3  to  5  Cm.  NaCl  per  d.t>  (Jav.-il,  igoj;  llaJpem,  ii>os). 

DiunuU  Variatiooa. — In  man,  the  urinary  chlorid  excretion  a  alwa>-s  gieatcr  in 
forenoon  than  In  the  niKhl.  indc|>cnflrntly  of  mcnis.  The  midday  meal  liasaa  indoi 
the  excretion  being  decreaw-tl  half  an  hour  after  eating,  due  to  the  gulric  czcrrih 
UCl.      rhi«  lasts  an  hour,  and  is  tolluwed  by  marked  increa.se  (Hcrrmajuudorfes  Jo 
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Time  of  Ezcretion.— Cdving  10  Gm.  by  mouth,  the  additional  chlorid  ibtmiA.    ^ 
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Mcrtled  within  twvnly-four  to  forty-eight  hour^,  either  by  diuresis,  or  by  increased 
sail  concentration.  A  lonj^r  delny  inaLcate;^  impairMl  permcahility  ai  the  kidney. 
Schlayer  and  Talcayasu.  1913,  consider  the  salt  and  iodid  excretion  aa  an  index  of  tubular 
activity;  whereas  water  and  I«cto>e  (-screiiun  indicate  the  n-naj  vascular  functiun.  ThJi 
cla&'^ificdtiiin  is  based  on  r;ither  i!!-pslabll^hcd  assumplions. 

Influence  of  Other  Salts  and  Diuretics. ^The  excretion  of  CI  can  be  hastened  by  the 
adminiatralion  o(  related  salts  (bromids,  iodids.  nitrates,  sulphocyanids).  Conversely, 
the  administration  of  CI  hastens  the  elimination  of  these  salts,  and  mav  be  useful  against 
iodism  and  bromism.  Diuretics  have  little  c£fcct;  the  drinking  of  Urge  quantities  of 
water  reduces  the  percentatjc  of  CI  in  the  urine;  the  absolute  cfuantity  may  be  unchanged 
or  moderately  increased  (Ruton  and  Hawk,  tQit).  With  do^,  theobromin  and  caflcin 
dimini&h  the  CI,  both  absolute  and  percentaRe,  independently  uf  any  diuretic  effect 
Saccone,  iqh).  In  rabbits,  however,  tlicw  and  other  diuretics  tend  to  increase  the  CI 
excretion  proportional  to  the  diuresis  (Donnamour  and  Imbcrt,  1912.) 

I  Chlorid  Retention.— The  chlorid  excretion  is  greatly  diminished  in 
some  cases  01  nephritis;  In  fevers,  particularly  in  pneumonia  (where  much 
salt  is  retained  in  the  cfTusion) ;  and  during  the  rapid  development  of  new 
tissue  (cancer). 

Retention  in  Pevrr. — This  was  6rst  described  by  Redtenbachcr,  1850,  and  has  been 
cxtenuvely  investi^ted,  especially  by  Roehmann,    iSSq.     The  low  CI  excretion  in 
partly  due  to  the  low  CI  income;  but  even  when  this  is  taken  into  account,  there  is  a 
Conoid  era  hie  deficit  in  the  output.  i.e.,  a  true  retcntiun  (Garratt.  1^04).     This  U  espe* 
cialJy  marked  in  pticumonia;  and  the  C!  in  the  exudate  is  not  sufficient  to  account  for  the 
riiffcrence.     The  retained  CI  seems  to  be  distribtUed  indistriminatcly  thmugh  all  tis5ucs. 
The  Na  and  Ca  are  also  retained,  while  K  and  Mg  are  excreted  normally  or  in  exccs>s 
<Peabody.  1913).     Medigrcccanu,  191 1,  found  a  comparatively  slight  CI  retention  in 
•urpentine  pleurisy,  and  none  in  pneumococcus  septicemia  in  rabbits.     This  indicates 
%haL  the  retention  is  connected  with  the  pulmcinar>'  chanecs.     Sniu>pcr,  iptj.  attributes 
^he  retention  to  allcre<l  cell  fiermeabUity;  for  he  claims  that  the  auclitiun  of  sodium  sul- 
phate to  blood  cau»e»  the  tias^agc  of  XaCl  into  the  corpuscles  in  (ever;  whereon  normally 
a.  t  causes  the  passage  of  CI  out  of  the  corpuscles.    The  whole  subject  b  still  very  obscure. 
McLean,  1915,  Unds  that  the  diminished  excretion  In  pneumonia  is  associate<I  with 
wered  CI  content  of  the  plasma.     At  the  crisis,  the  CI  incrcaws  both  in  the  plasma  and 
the  urine. 

RelfHtion  in  Cancer.— The  diminished  cxcretinn  Ls  prubnhly  explainable  entirely  by 
tJie  deficient  C!  income,  and  its  need  for  the  formation  of  new  tii<&uc&  and  transudations 
CGocrtig,  i^oo;  Laudenhcimer,  lAqj). 

Rtttnlion  in  S<phritis. — ^Thiswas  mentioned  in  connection  witli  edema.  It  is  most 
mpt  to  occur  in  acute  glomerular  nephritis  (Borchardt,  tgi;).  However,  in  chroruc 
iicpbriiis  the  ability  to  excrete  chlorid  is  generally  impaired  before  the  nitrogen  excretion 

{fyiiRiK,  1916). 

The  a  excretion  is  increased  in  the  early  diuretic  stage  of  uranium  and  cantharides 

nephritb;  it  is  usually  dtminishcd  with  large  doses  of  uranium  or  thromatc.    The  CI 

e»crrtion  bears  nn  simple  relation  to  the  anatomic  changes  (Austin  and  Eisenbrey,  iqi  i). 

Satl  Tnt  jor  SepHriiis. — Schlayer,  1911,  keeps  the  patient  on  a  constant  diet  for 

wveraj  day«,  then  adds  10  Cm.  of  XaCl  in  one  dose.     This  excess  is  normally  excreted 

•ithin  twenty-four  or  at  most  forty-eight  hours.     A  delay  beyond   this  indicates 

iKllunished  permeability  of  tlie  kidneys  to  chlorids.     Frolhingham,  IQ15,  classifies  the 

excess  excretion,  within  forty-eight  hours,  of  R.5  Cm.  as  no  retention;  4.5  Cm.  as  slight 

retention;  less  than  4.5  Gm.  as  considerable  retention.     Ilcdingcr  and  Schlayer,  1913, 

BOW  employ  a  "  ncnhritic  lest  meal."     .\  strictly  simitar  test  may  be  made  with  urea,  10 

Gm.  of  which  should  also  be  excreted  within  forty-eight  hours  (Monakow,  10:4). 

Diahttfj. —  Dogs  with  pancreatic  diabetes  excrete  only  one-tenth  to  one-seventh  o( 
the  chlorid  of  normal  dogs  on  the  same  dieC  (Kabens,  1915).  With  diabetic  patients, 
however,  the  "chlorid  threshold  "of  the  blood  Is  either  unchanged  or  lowered  (McLean, 

Mechanism  of  Chlorid  Reguiation.^The  hltxid  maintains  tL«i  chlorid 
concentration  remarkably  constant,  and  even  the  tissues  undergo  only 
temporarv*  changes.  The  regulation  is  accomplished  ihrough  the  adjust- 
ment of  the  urinary  excretion;  but  the  mechanism  by  which  this  is  controlled 
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is  not  understood,  notwithstanding  extensive  investigations.  The  prob- 
lem is  probably  analuguus  to  thai  of  the  regulation  of  the  sugar  content 
of  the  blood. 

CoUoid-chloritl  Combuution. — One  thcorj'  (Forstcr,  1873)  Assumes  that  Ihccrealer 
quantity  of  the  salt  c\Ut^  in  the  body  in  a  form  (perhaps  a»  a  eombinalion  -Jrith  Uu  pro- 
teins) in  which  it  can  not  pa&s  through  the  living  kidneys.  This  uJt  b  thrrtfore 
reiaineil  with  great  tenacity.  .\ny  excess  over  this,  such  »fc  is  normally  presenl.  ik  tree 
And  filters  verj'  readily  into  the  urine.  Thi&  theory  Agrees  with  the  ob«er\'ation  of  SoU- 
mann  (1901)  that  the  injection  of  those  loos  which  are  closely  related  to  chlorid  (vii., 
Br,  I,  \Oj,  SCN)  incrcaws  the  chlorid  pcrcenugc  in  the  urine,  while  other  ions  do  not 
have  this  effect:  it  nuiy  bcas&umcd  that  the  related  ions  can  displace  the  chlorid  from  its 
protein  compound.  .\lt  attempts  to  prove  by  chemical  or  physical  methods  the  enC- 
ence  of  iuch  compounds  in  the  blood  have  failed.  Rona,  iqio.  f.i.,  fthow«l  by  "cooi- 
pcnsated  o&mosiis  '  that  the  CI  of  the  blood  diffu&cs  exactly  as  if  it  were  in  tbe  ordinify 
ionic  condition.  However,  it  li  still  conceivable,  thai  the  adM)rption  of  (he  colloids  may 
modify  the  filtrability  of  dissolved  substances.  M.  Fischer,  igts,  believes  that  reten- 
tion of  salt  and  water  are  buth  due  to  imbibition  of  body  colkrids,  which  is  increased  by 
acids,  and  thcrcfotc  he  thinks  by  acidosis. 

Cushny  (igos],  attributes  the  chlorid  regulation  to  the  absorbing  mechanism  of  ibe 
tubules. 

Chlorid  Threshold. — Ambard  and  Weil  assert  that  there  is  m  certain  threshold  of  the 
NaCI  concentration  of  the  plafm-i — normally  5.63  Gm,  per  liter.  H  the  concentration 
falls  below  this,  no  chlorid  is  excreted;  if  it  rises  above,  the  excretion  varies  its  the  *qu«rt 
of  the  excess  I'McIxan,  1915). 

Limited  Salt  Incooac—The  maintenance  of  a  certain  salt  content  is  indi5pciiMUe  to 
the  b<Kly,  sodium  cUIorid  being  especially  important.  Animal  food  app>ear^  to  contain  a 
sufficiency  of  this  salt;  while  a  herbivorous  and  omnivorous  diet  is  in»uf&cient  in  tjii» 
respect.  Under  ordinary  Conditions,  the  excretion  of  salt  keep*  perfectly  parallel  with 
the  salt  income  fFalk,  1S48),  so  that  a  moderate  excess  of  salt  income  is  practicalh- 
without  effect,  except  on  the  urine,  A  very  limile<l  salt  iiKome  (as  by  an  exclusive  milk 
diet }  can  also  be  borne  for  a  c*>nsiderabtc  time,  bcing_  met  bv  a  corresponding  dccrcaac  el 
chlorid  excretion,  £c  that  the  percentage  of  the  &alt  in  the  blood  is  scarcely  altered,  and 
no  general  symptoms  whatever  result.  Dogs  on  a  Cl-puot  diet  retain  CI  or  I  mo»e 
efliciertly  than  on  ordinary  food  (Sar\*onat  and  Cremlen,  igii).  The  diminished  in- 
come of  salt  in  fever  seems  to  have  no  deleterious  effect.  Even  when  the  excretion  a 
further  increased  by  lilMrral  water-diuresb,  the  patients  show  no  particular  cras-tng  for 
salt.  Complete  abstention  from  food  also  docs  not  produce  any  cllccls  referable  to 
theab-^ence  of  salt.  After  a  ten-day  fast,  the  total  quantity  of  CI  in  the  body  is  reduced 
by  only  2  per  cent.;  and  the  nerccntagc  of  Cl  is  even  above  the  normal,  becau!ic  th» 
tissues  disappear  more  rapidlv  in  slar\'atinn  (han  docs  the  C\  I'Rtm.'mann.  toi  ?1.  P'F-f- 
rico,  icjto.  found  no  change  in  the  freezing-^nt  or  conductivity  of  the  blood  in  inani- 
tion. The  inorganic  metabolism  in  starvation  ha»  also  been  studied  by  C-athcart  and 
Fawsitt.  1907. 

Salt  Starration. — This  may  be  produced  by  feeding  food  deprived  of  all  its  salt*  iV 
For«ler,  1S75);  or  by  "deceptive  feeding,"  abstractmg  the  gastric  juice  through  a  iafoa 
(Ro«emumi.  igu).  Forster  found  that  pigeons  died  in  thirteen  to  Iwenty-nioe  day»; 
dogsiniwenty-ux  to  thtrty-vixdays.  In  man,  an  abstinence  of  nine  days  U  Kfioo*,  Ml 
not  dangerous.  The  subject  d<jes  not  return  to  normal  for  a  week  or  two  after  rmmriac 
the  consumption  of  salt  (E.  Taylor,  1904). 

The  animals  emaciate  rapidly,  through  anorexia  and  other  interferenre  wttli  dlffa> 
tion  and  absorption.  Great  muMrular  weakness  and  tremors,  with  occarional  coavtil* 
uons,  are  very  prominent.  The  mental  faculties  are  dulled.  Tiie  urine  and  btcath 
contain  acetone.  The  loss  of  the  mineral  coQiitilucnts  of  the  body  a  relativdy  snaH 
The  N  excretion  is  fairly  equal  to  the  income.  A  conspicuous  change  b  the  dccrcsoc  is 
the  excretion  of  gatlric  IICl  (Cahn.  1886).  This  stops  completely  when  the  cUctid 
stock  of  the  body  has  fallen  by  ao  per  cent.  (Rosemann.  iqi  1).  It  is  not  ktiowo  how  [ar 
the  other  changes  are  due  to  mere  CI  loss;  and  bow  much  the  absence  of  the  other  i 
contribute  til  thf  result. 

Salt-poor  Diet. — The  use  of  NaCl-poor  food  in  edemas,  etc.,  wu  dJfcCutd  oa 
647.    Javal,  I0I3,  suggests  t)ic  addition  of  sodium  iwlid  or  bromid  to  imprxn-e 
of  the  un^t led  bread.     Cl-poor  diet  has  al.<o  been  employed  to  enhance  the  relent 
the  bromid  ion  in  tpUfpiy  fToulouse  and  Kichct.  iqoo}.     Indeed,  the  efficiency 
bromid  treatment  hm  oeen  referred  to  dcchloruralion;  but  this  is  probably 
(see  Dromids;  Januscbke.  1913).    Tables  of  the  content  of  the  vatioai  alts  in 
given  by  Albu  and  Neuberg,  MineralsloffwechseL 
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Effects  of  Excessive  Consumption  of  Salt— By  means  of  the  regulating  mechan- 
iiiDs,  an  CICCS&  of  these  Xa  ur  CI  ion^  is  eiiminaled  very  prompUy,  and  could  not  pro- 
duce any  .very  larec  effect.  Hut  even  when  they  are  retained,  these  ions  produrr  only 
vtty  itnail  lulions,  tor  the  amounts  normully  present  are  so  larj^e  that  the  arlificiul  intro- 
duction of  nrdinapi-  amounts  will  nut  increase  their  ratio  tu  a  cim<aderab1e  cxtenL 
Na  and  CI  ate  therefore  the  most  indifferent  of  the  ions,  and  their  «ilts  are  used  when 
the  effects  of  other  ions  are  to  he  trslcd.  It  is  importnnt^to  remember,  however,  that 
they  are  really  vcr>'  essential  to  the  protoplasm,  and  that  the  absence  of  effects  ts  due 
only  to  the  fact  that  the  variations  which  are  introduced  aa'  relatively  small. 

Local  Actiom  0/  Salts. — Salts  in  isotonic  or  hypoisoionic  solutions  have 
little  local  aclion;  in  substance  or  in  hyperisotonic  solutions  they  act  as 
rather  mild  irritants,  without  (W&lroying  the  tissues. 

Action  oa  the  Skin;  Salt-baths. ^Sodium  chlorid  and  other  neutral 
salts,  f.g.,  in  the  form  of  sea  baths,  produce  a  mild  but  extensive  stimu- 
lation of  the  skin,  and  thereby  rellex  Ionic  effects.  The  mechanical 
irritation  of  the  dried  salt  crystals  contiibutes  to  the  result.  They 
pcfssess  an  advantage  over  most  other  irritants  in  that  they  do  not  injure 
the  epidermis. 

Aumentary  Canal.— Salt  produces  a  similar  stimulation  of  the  mucosa 
of  the  alimentary  canal,  especially  in  the  stomach,  i.e.,  before  the  salt  is 
diluted. 

The  action  is  deep  since  the  salt  wilt  stimulate  all  the  cells  with  which  it  comes  into 
contact  in  the  courye  of  its  absorption.     Since  the  fall  is  quickly  removed  by  Further 
absorption,  it  docs  not  cause  any  permanent  change.     In  this  way  it  differs  from  the 
majority  of  gastric  irritants,  wliich  inudute  a  suprrficial  but  persisli-nt  action.     The 
stimulation  by  salts  may  thcrciore  oc  continued  for  a  considerable  lime,  and  is  fre- 
quently very  useful  in  the  treatment  of  certain  cases  of  "atonic"  dyspepsia.     Salt  also 
often  aids  the  digestion  of  otherwise  diificuhly  digestible  articles.    Rosenblat.  1907, 
observed  markedly  increaj^d  secretion  in  the  I'awlow  miniature  stomach,  depending  hd 
Xbe  concentration;  1  per  cent,  was  indifli-rent;  greater  dilutions  were  slightly  stimulant. 
PeiMin. — W.  \V.  Harahurser,  iq:s,  found  that  neutral  ftaluttons  of  NaCl,  even  in 
tlie  concentration  of  serum,  rapidly  dciitrov  pepsin.     The  inhibition  is,  complete  ^ith 
a. 5  jper  cent.  NaCl;  scarcely  nL-rreptihle  with  0.1s  V^f  cent.     Other  inorganic  sails  act 
siinuarly.  probably  by  bhcratmn  of  OH  ions  (Hamburger,  and  Halpcrn,  1015).    The  de- 
struction does  not  occur  in  the  presence  of  fre,-  .iriH .  hul  unci-  d«r>t rnyed ,  the  ferment  can 
Dot  be  re-acLivated  by  acidulation.     This  reaction  is  probably  the  explanation  of  the 
"  'antipepsin"  of  the  serum.-   Neutralisation  of  gastric  juice  likewise  destroys  it*  jicpsin, 
since  NaCl  is  formed.    This  irould  contribute  to  the  action  of  alkalies,  for  instanoe 
£n  giLslric  ulcer. 

Laxative  Action. — .\  teaspoon  of  ^t  in  a  pint  of  water,  taken  before  breakfast,  b 
often  laxative. 

Saline  DitnesiB  00  Milk  Flow.— In  lactating  goals,  with  limited  water  incom<^ 
•liuretic  doses  of  salt  or  utea  decrease  the  yield  uf  milk  and  increase  its  fat-conlenl, 
pre&umably  by  diminishing  the  available  amount  of  n'ater.  The  nitrogen  of  the  milk  is 
not  increased  (Stcenbock,  iijis). 

Toxic  Actios. — If  &alt  is  ^ven  in  large  amounts  and  concentrated  form,  the  irrita- 
tioD  may  lead  to  a  strong  innommation — to  severe  gottroetUerUis ,  which  may  be  fatal. 
PaistmiMg  fry  fn*ma  was  reported  by  Brooks,  1910.  A  pint  of  saturated  solution  had 
been  injected,  and  repeated  twice  at  hour  interwils.  The  symptom.^  were  restle*,sne*s 
thirst,  rapid  pulse,  coma,  fever  ( 109"  K.),  frequent  micturition,  dyspnea.  Death  occurred 
tight  hour^  after  the  first  Injection,  preceded  by  convulsions  and  bloody  discharge  from 
the  rectum. 

Action  After  Absorption. — The  ingestion  of  salts,  without  sufTicient  water  to  render 
tliem  isotonic,  must  tend  to  increase  the  sait  concentration  oj  tht  body.  This  increaas 
sflecls  mainly  the  tissues,  the  molecular  concentration  of  the  blood  remaining  practl- 
aUy  unaltered.  This  incrca.>ied  salt  concentration  is  counteracted  by  the  stimulatioa 
uf  two  mechanisms:  a  desire  for  water  (thirst);  and  the  elimination  of  highly  hyprrtonic 
Mfme.  If  water  is  given  freely,  the  sails  arc  poweifully  ditirtiic.  This  leads  to  an  m- 
tnostd  fxcrelioH  of  metabolites,  partly  by  the  nu/ihing  out  of  stored  waste  products,  but 
■Iso  by  direct  stimuhiion  of  mcltMism.  If  the  water  income  is  restricted,  the  pooc 
urine  now  decreases  the  X  excretion  temporarily  CHe^^rcz  and  Guende,  191 3). 
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Tbe  effect  upon  the  mcubolUm  U  uncertain  in  its  outcome,  as  U  the  cauc  with  lO 
altcrativcri.     It  may  be  useful  es[>ccially  in  oiv^ily. 

Saline  Infusions. — The  general  effects  of  hj-podermic  or  intravenous 
injections  of  saline  solutions  on  the  quantity  of  blood,  lymph  and  urine, 
and  the  fate  of  these  solutions  were  discussed  under  "Salt  Action.  " 
It  may  be  recalled  thai  the  quantity  of  fluid  in  the  blood  is  temporarily 
increased.  This  produces  a  very  moderate  rise  of  blood  pressure;  and 
this,  perhaps  with  some  direct  salt  action,  results  in  an  increased  excita- 
bility of  the  respiratory,  vagus  (H.  C.  Jackson  and  Ewing,  1914)  and  vaso- 
motor centers.  With  nornrnl  animais,  the  rise  of  capillar>*  pressure  is 
large  and  persistent;  while  the  rise  of  arterial  pressure  and  the  medullary 
stimulations  pass  off  quickly,  but  without  noticeable  fatigue.  In  anitruiit 
whose  blood  pressure  is  low — particularly  if  this  is  due  to  hemorrhage, 
saline  infusions  bring  the  pressure  toward  normal,  and  maintain  it  much 
better  {see  figure).  Excessive  injections  of  saline  solutions  may  cause 
death  from  pulmonary  edema,  or  from  overdistention  of  the  heart.  E^Tn 
therapeutic  injections  may  produce  glycosuria,  slight  fever,  and  rardy 
albuminuria. 

These  cfT«ct*  arc  produced  by  .ill  salts  vhose  ions  are  not  specifically  telle'.  #.(.. 
by  TDMX  sodium  salts.  To  have  any  cflect,  these  must  be  uacti  in  rather  Urge  amounLi. 
i.e.,  trum  35  to  50  ci:.  of  tht*  eighth -molecular  solution  per  kilogram  of  body-weiiht 
Solutions  which  contain  aii  the  salLs  oi  the  scrum  in  the  proper  proportions  [ct-,  Lorte'* 
Fluid)  arc  somewhat  better  than  the  Qormal  (0.9  per  ccnL)  wdium  cblorid  wriutioo, 
but  the  latter  suflices  for  all  practical  purposes. 

Even  small  doses  of  isotonic  NaCI  may  produce  changes  in  blood  presiure,  wbOe 
Ringer's  solution  or  glucose  ha&  much  leis  effect  (Selig,  1411);  so  that  the  acUon  15 
probably  not  wholly  osmotic.  Froga'  vesscU  are  dilated  by  pcrfuuon  with  NaCl 
(Hooker,  [911). 

Vasamatar  Center, — In  normal  animals  injections  of  10  to  40  c.c  per  kilogram  pro- 
duce only  flight  stimulation  or  no  chnnite.  Occasionally,  when  there  is  mAiniained 
rise  of  hlcim]  pressure,  the  vasocim-itriiliim  is  quite  marked  (Pili  her  and  SoUmana,  igii). 

Toxic  Doses  of  Different  Catbioos. — joswph  and  .Meltzer,  1907,  found  tbat 
MgCli  was  fatal  for  niammub  with  o.Jij  Om.  per  kilogram  (r  r.c.  m/$  per  kflognai 
per  minute);  Ca  and  K  required  about  double,  Na  twenty  times  as  much. 

Therapeutic  Uses.^SaUne  infusions  arc  employed  to  tide  the  patient 
over  acute  anemia  from  hemorrhage;  in  collapse;  or  in  alternation  with 
bleeding  for  the  removal  of  poisons  (uremia,  CO,  etc.).  Direct  transfusion 
of  blood  is  more  ef&cient,  but  more  inconvenient  and  often  inadvisable. 

Use  in  Hemorrhage. — Saline  injections  are  made  with  the  object  of 
restoring  the  fluid  needed  for  effective  work  of  the  heart.  The  restoration 
of  the  blood  pressure  succeeds,  at  least  temporarily,  unless  the  hemorrhage 
has  reduced  the  pressure  to  the  level  of  shock  (Pilchcr  and  Sollmann,  1914; 
Downs,  1916).  Short  of  this,  the  temporary  benefits  are  often  striking; 
but  since  the  solution  does  not  stay  long  in  the  vessels,  the  final  fatality 
is  not  greatly  influenced. 

Kmn,  i9ii,f-i-,  found  that  rabbits  die  from  acute  hemorrhage  when  tS*j  to  jtcXt 
of  blood  are  lo«t  per  kilogmm.  Wht-n  tbe  blood  was  replaced  at  uoce  by  sioqilc  aliM; 
the  fatal  limit  was  35.5  Co  57.3;  when  replaced  by  Ringer's  ioluttoD  3^.6  to  37.3  tx. 
per  kilogram. 

CoUcid  InfHsicns.—The  attempt  has  been  made  to  prolong  the  •>lav  of  tbe  «afiM 
in  the  ve^isels  by  the  udditioti  uf  gelatin  or  other  Lolluiiis  (Hogan.  1913)-  These  folll* 
tionjt  produce  less  diuresis  (Kjiowltan,  iqii)  and  arc  gcnerBlly  rctainctl  much  Umgrr;  b»t 
this  prolonged  soknmi  of  the  colloid  is  probably  inadvisable,  and  it  [*■  doubtful  whether 
their  use  is  justined.     Roger  and  (iamier,  loij,  bad  very  dt&couraging  rrsull». 

Hogan,  1915,  advised  the  following  solution:  Gelatin*  1.5  Gm.,  dluolvcd  in  100  cc 
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of  water,  and  added  to  t,ooo  c.c  of  o.q  pei  ceot.  NaCl  with  3  Gm.  of  NajCO*  toHjO. 
Thb  is  injected  (about  joo  to  750  c.c.)  until  iht-  blood  prc»Mirc  i»  salisfaclory. 

CoUoids  on  Dturesia. — Kaowlton  »b<ierved  that  5  per  cent  of  gelatin  or  of  acaoA, 
added  to  Kii)gt:r':>  Huid,  practically*  prevented  a  diuretic  response;  whereaa  soluble 
»tan:h,  which  is  at  least  equally  viscid,  did  not  inhibit  diuresis.  The  effect  of  gelatin  is 
probably  due  to  its  water-attinity. 

In  the  exi^rimonts  uf  Bogi-rt.  Undethill  nnd  Mcndi-l,  tgi6,  tlie  urinu-flow  was  a^ 
great  witli  3  per  c^nt.  gelatin  as  with  plain  saline.  The  gelatin  aolution  generally  left 
the  ciruulation  sumcwhut  more  bluwly  tban  plain  saUQei  but  not  always.  The  ei-latin 
■r&s  eliminated  from  the  bloud  at  the  same  rate  as  the  Quid,  being  partly  excreted  by  the 
kidncv's  {Bo>tott,  1914). 

Plasmaphaereste.— This  term  was  intrwluccd  by  Abtl  to  dtsignate  the  replace- 
ment of  the  pla-sma  with  siline  .solution.  The  blood  is  withdrawn,  the  coq>uscle<i  sepa- 
rated and  washed  by  centrifuge  tin  n,  suapcndcd  in  0.6  per  cent.  NnCl,  and  reinjected. 
Id  this  way  much  larger  amnunls  of  pla^una  may  he  wilhrirawn  without  damage,  espe* 
cially  if  the  process  a  aevera!  times  repeated.  The  number  of  red  corpuKles  n&cs  at 
first  (i.e.,  the  volume  of  liiiuid  in  the  veKscU  ta  reduced);  but  ultimately  they  decline 
itowly.  The  plasma  proteins  may  be  reduced  to  a  third.  The  urea  and  non-protein 
nitrogen  of  the  blwid  arc  incrcaseil.  The  Icraperature  rises  slightly  (Abel,  Rowntree 
and  Turner,  1014:  Turner,  Marshall  and  Lamson,  1915). 

Transfusion  oi  Blood. — This  was  tried  clinically  in  very  early  times,  but  with  disas- 
trous results,  since  foreisa  species  were  generally  used.  Wonns-Mucller,  1875,  investi- 
Stcd  the  acute  and  late  effects  of  the  transfusion  of  the  blood  of  the  i*amc  species,  the 
EC  of  the  blood,  the  therapeutic  field,  etc.,  and  practically  stated  our  modern  knowledge 
^Hol  the  subject,  except  some  technical  details  (Sollniann,  1915).  He  showed  that 
^HebanKes  of  the  hlniKl  volume  l>etween  3$  per  cent.,  the  normal,  to  10  or  50  |mt  c«nt. 
^Hftbove  normal  do  not  materially  alter  the  normal  blood  pressure;  attributing  the  adjust- 
^^pBcnt  to  vaMimoIor  cliangcs.  The  ]vressure  remains  practically  iinalteraJ  even  with 
^Fcxtreme  plethora;  but  other  acute  central  symptom*  supervene. 

Filtr  of  tke  Transfused  Blouti. — ^As  to  the  further  fate  of  the  animals,  Mueller  showed 
that  increasing  the  normal  quantity  of  blood  by  80  per  cent.,  hy  slow  transfusion, 
does  no  damage.  Of  the  injected  plasma,  about  half  the  walcr  has  disappeared  from  (he 
blood  within  two  hours;  the  remainder  leaves  more  slowly,  requiring  several  days.  The 
plasma  protein  alao  diAappears  promptly;  ami  )ncrea.scd  urea  excretion  indicates  that  it 
has  been  metabolized.  The  irijcclcd  corpviMtcN  persist  much  loiiEer,  ihe  normal  ratio 
bang  restored  in  three  to  four  week^.  lie  therefore  conclud'cd  that  the  usefulness  of 
(ninsfusion  is  due  solely  to  the  injccled  Lorpusile-*.  No  dilltreiices  were  found  between 
fresh  or  deiibrinated  bloo«)  ami  hltKid  that  had  been  kept  on  ice  for  a  day. 

These  oI»cr\'ations  have  been  confurmcd  by  the  modem  investigators.  For  instance, 
Weinberger,  1908,  found  in  dogs  that  the  water  leaves  the  blood  vessels  very  rapidly, 
causing  diuresis,  but  not  nearly  as  great  as  with  NaCl  solution,  'llie  red  corpuscin 
<:u>  thus  be  raised  temporarily  to  over  13,000,000;  but  they  gradually  decline  during 
the  succeeding  days.  The  specific  gravity  rises  still  more.  Animals  invariably  die 
after  four  or  five  transfusions,  with  ht-moKlobintiriii  nnd  nephritis.  The  injected  blood 
probably  has  no  nutritive  value,  the  nitrogen  being  rapidly  eliminated. 

IniiUnticnx  far  Tra»\fusioH. — Thnfe  were  slated  by  Mueller-  excessive  hemorrhage; 
darbon  m^moxid  pai<>onini;;  and  some  chromic  amenias,  for  instance,  leukemia  These 
4UT  practically  the  mixicrn  tmiicutions,  (/.  t.  Ottcnbcrg  and  Libman,  1915). 

Saline  In^sioo  in  Collapse. — This  may  hasten  recover>'  in  temparar>'  collapse,  as 
^rith  phenol  and  other  poi<K>n5.  It  is  of  little  use  in  the  lasting  collapse  of  fever  or 
^vcre  shock. 

Use  in  Uremia  and  Other  Intoxicatioiis.^ — Saline  solutions  were  extensively  em- 
ployed ,is  Uiurclics;  but  it  is  nn»  rct(j|^ni/j-d  thai  sinijilc  injection  docs  not  intre.i;^  the 
elimination  nf  ihe  toxic  =iubstniirfs  sullKifnlly  In  be  of  much  viilue.  (Their  influence 
laaA  been  studied  by  I.cnhar(z.  iSq'j.)  I'hc  rcco)!Tution  of  the  impermeability  of  the 
ftcidney  to  chtorid  in  some  nephrite--  eiijoiiis  speuiiil  caution.  Mosciillial  und  Schlayer. 
V913.  claim  that  the  kidneysi  of  experimental  nephritis  do  not  respond  wxll  to  NaCl. 
In  any  case,  saline  injections  must  ue  uM-d  cautiously  in  anuria,  and  must  not  be  per- 
sisted in  if  a  moderate  injection  docs  not  cause  diureM.s. 

Hypotsotoaic  Solutions.  -These  act  very  much  like  isotonic  solutions,  but  are  some- 
wha.t  more  injurious  ;ind  may  lake  the  bloiid. 

Hyperisotonic  Solutions. — These,  by  abstracting  water  from  the  tissues,  produce 
*  much  more  violent  stimulation  of  the  central  nervous  system,  passing  on  to  convuUions, 
but  always  foOowcd  by  depression.  Small  intravenous  injections  rai-**  the  blood  pressure 
partly  by  direct  stimulation  of  the  heart  (Retzlaff,  igis)-  With  larger  injections, 
tbe  blood  presMire  shows  a  progressive  fall,  with  tcmporar>'  rise  during  the  spasms, 
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The  respiration  is  at  fmt  r)iiicken»l,  hut  becomes  slow  and  shallow  as  the  blood  pn 
(alls.     The  heart  U  quickened,  (cebic,  and  ar>-thmic.     In  the  later  suges  it  XD»y 
slowed  bv  stimulation  of  the  vagus  center.     The  temperature  rises. 

The  diuretic  efleci  and  the  local  irritation  are  also  much  greater. 

It  h  probable  that  some  of  the  phenomena  of  tirrmio  are  due  to  a  hyperisota 
condition  of  the  blotMl,  which  may  icach  almost  double  the  nurmal  concentration, 
this  condition. 

Respiratory  Metabolism. — This  i^  increased  by  !>a1inc  injections,  especially  if  h 
tonic  (Raedcr.  IQ15).  _ 

Salt  Glycosuria. — Rock  and  Iloflmnnn,  187?,  observed  that  intravenous  injtx-U-^-  -^imi 
of  NaCl  solution  into  rabbits  produces  Rlycosuria.  This  was  con&rme«l  by  Kue^to  .jirU, 
187 J  (who  also  found  that  il  does  not  seem  to  occur  in  dogs);  .ind  lalrr  by  M.  Finih^r-^  bn, 
O.  H.  Brown  and  others.  'ITie  glycosuria  is  greater  with  rapid  injection  or  higher cc^^^jcoo- 
ccntrations,  and  may  be  abolished  by  the  addition  of  Ca  ions.  ■ 

The  mffhiini^m  ui  tlu-  salt  glycosuria  is  in  dispute.     Vndrrhill  and  Clossoa,  i<^>^^^>9afl| 
claim  that  it  is  accompanied  by  hypoglycemia,  and  therefore  attribute  it  to  InrrriB    ^mhJ" 
pcrnieabUity  of  the  kidneys.     E.  hranck,  1913,  failed  to  find  the  hypoglycemia,  ^hk      tai 
attributes  it  to  polyuria.     Willenko,  igii,  states  that  it  does  not  occur  after  section^^aHi  ti,. 
the  s^lanchnics   and  refers  It  to  stimuUUoo  of  the  central  nervous  system.     Fiiiir    ^  iln 
work  w  eivdcntly  needed. 

E.  Hirsch,  1915,  reports  hyperglycemia  from  intravenous  injection  of  10  per 
NaCl.     The  action  i»  central,  presumably  on  the  glyrosuric  center.     Solution^  of 
per  cent,  or  more  dilute,  esen  in  large  quantities,  do  not  increase  the  blood>sui 
nor  does  sodium  CJirbim^itr  or  acrtule.  nor  cukiuni  chlund.     Sodium  sulphate  also 
not  produci:  h>pcrglyccmi!i  (Kleiner  and  MclLzcr,  1916).     Magnesium  sulphate,  b*- 
ever,  does  so. 

It  is  interesting  that  diabetic  puncture  and  puncture  of  the  funiculus  teres  in  rab^ 
increases  the  urine  and  the   percentage   of  cnlorid  ("SaU  punttitre").     The  uri 
eflcct  is  independent  of  the  glycemia,  but  depends  on  nervous  impulses  carried  bj- 
splanchnics  (jungmaTin,  1014). 

Salt  Fever. — FinkeUtcin,  1908,  and  Schaps,  observed  that  the  administratio 
salt  to  infants  by  mouth  or  hypodermically,  may  produce  fever.     A  slieht  rise  of 

Ecrature  U  also  observed  in  aduUs,  if  at  least  a  liter  of  o.g  per  cent.  Na(!1  is  mj< 
ypodermicallv  (Bingl,  i()io);  but  is  prevented  if  Ca  is  added,  as  in  Ringer's    scdu 
[Meyer  and  RietscbcT;  Bock,  191::  tturaett  and  Martin,  19 ib).    The  rise  b  accompa^^r-i: 
by  an  increased  N  metabullsm  and  heat  production  (Freund  and  tirafc,  lui  i).      Hy   -j? 
tonic  salt  solution  fj  per  cent.  NaCl)  is  much  more  effective  (Kt^y  and  Christ jan^^rseO] 
1Q14).     A  similar  rise  is  produced  by  the  injection  nf  isotonic  dextrose  or  lactose,      ^^oa 
by  indiflcrcntparticlcs  (pamlHn,  colloid  metaJs.  etc,  Hock);  but  lhei«  may  have  a  di'^^^'^ 
cnt  orijdn.     Ine  salt  fever  is  not  due  to  infection,  fur  it  occurs  with  atftolutcly  51^^=*?^ 
solutions  and  with  oral  administration  (Dingl;  Freund,  1013).     It  is  thrrcfore  <t,  ~v^^^ 
distinct  from  the  "water  infection."  th«  "wasscrfehlcr"  of  Wecfasdmann.  1911;  ^  -  '■• 
the  fever  that  occurs  after  the  injection  nf  solutions  made  with  stale  distilled  w^  xmx 
FinkclsU-in  and  Bins!  asssumcd  that  the  salt  fever  is  caused  by  irritation  of  the  fc^^^** 
centers  by  the  chemic  products  resulting  from  the  action  of  the  Na  ions  on  theliss^J*-***' 


PREPARATIONS — SODIUM  CHLOKn) 

'Sodii  CMaridnm  (Sod.  Chlorid.),  U,  S.  P.;  (5eJ.  CA/or.l,  B. P.;  (Common 
NaCl.  While,  cT>'atiiJltnc  powder  of  purely  saline  t'asie.  Freely  sol.  in  water  (1  : : 
nearly  Insol.  in  ale;  sol.  in  glyc.  (i  :  10).  Chlurids  are  uK«mp<U\bit  with  salt 
silver  and  lead.     Doit,  1$  Gm.,  ^  ounce,  U.S.P. 

*Uaw*r  Sodii  Ckloridi  Physioioiicus  (Uq.  Sod.  Cblor.  Physio.).  VS.P.     (N'l 
Saline  Solution). — 0.85  per  cent 


UREA 

Urea,  CO(NH»)t,  is  an  effective  diuretic,  acting  probably  b>'  simple  oiroods. 
not  toxic.     However,  Hewlett.  i()i6  states  that  when  taken  in  sufTuirnl  amount  to 
the  urea  concent  ration  ia  the  blood  above  160  mg.  per  too  c.c.  asthenic  s)-innt(inui 

ThK  beneficial  cfTects  00  perfusions  were  discussed  oa  page  ^43-     It  taeacrc* 
mainly  by  the  kidneys;  a  small  amount  also  by  the  sweat  (o.?i  per  cent.,  RovcaO*     '" 
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urea  content  of  the  milk  is  not  increased  by  urea  administnilion  (Stccnbock,  1915). 
Utea  is  not  utilized  in  nutritiun  (Ilrnriqiiez  and  Amiersun,  1014). 

Urea  occurs  a*  colo^[es^  crystals  of  coolinp,  saline  taste,  freely  soluble  in  water  ( t  :  1 ) ; 
soltUile  in  alcuhul  (1  17).    The  etlective. diuretic  doK  wotdd  i>c  30  to  40  Cm.  per  day. 


•i     saiuoj 


SACCHARUM  LACTIS  (MILK-SUGAR) 


Thi«  also  produces  osmotic  effects.  Nine  to  15  Gm.  (a  to  43).  'i  warm  milk  an 
hour  before  breakfast,  causes  a  soft  «tool.  Smaller  doMs  (pure  or  as  milk)  arc  cHicicnt 
for  itiiimi^  I  the  effective  dose  would  be  loo  to  300  Cim.  per  day).  Milk-sugar  is  also  u»ed 
to  facilitate  the  comminution  of  puw(ler»,  on  account  uC  its  hardness.  It  is  further  em- 
ployed u  sweetening  agent,  especially  for  powders;  and  in  infant  foods. 
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General  Statement. — Potassium  is  widely  distribulcd  through  the  body 
and  is  essential  10  the  vital  functions.  It  acts  as  a  depressant  to  practi- 
cally all  organs,  and  is  mutually  antagonistic  with  Na. 

With  intravenous  or  hypodermic  injections,  the  ion-actions  manifest 
themselves,  by  depression  of  the  heart  and  other  muscles,  and  of  ihecentral 
nervous  system.  These  effects  may  also  be  secured  from  toxic  doses  by 
mouth;  but  not  by  ordinary  doses,  since  the  rapid  excretion  prevents  the 
accumulation  of  excessive  potassium  in  the  tissues.  The  therapeutic 
use  of  potassium  as  cardiac  and  nervous  depressant  was  a  faulty  deduction 
from  the  laboratory  experiments.     The  oral  administration  of  mcx3crale 

Suan titles  of  potassium  has  practically  only  osmotic  effects — diuresis, 
ight  changes  m  metabolism,  etc.  The  therapeutic  actions  of  potassium 
salts  are  therefore  attributable  to  their  anioas.  and  are  practically  equiva- 
lent to  the  corresponding  sodium  sails.  The  potassium  salts  perhaps  pro- 
duct' somewhat  more  local  irritation.  They  are  contraindicated  in  renal 
insufRcicncy,  since  the  deficient  excretion  could  lead  to  the  development 
toxic  potassium  effects. 

Income  of  Potassium. — The  daily  diet  of  man  contains  about  j  to  4  Gm.  ol  KiO 
and  5  to  S  Gm.  uf  Na^O;  but  there  are  jjreat  variation*.  A  vegetable  diet  contains 
relatively  more  K. 

Ditiributioii  of  Potassium.^Thi5  is  in  nuuiy  re^KCts  converse  to  that  of  sodium. 
The  K  i.s  generally  more  abundant  within  the  celts;  the  Na  in  the  extracellular  Juices, 
Krum  and  lymph.  The  serum  of  all  mammals  contaius  about  0.0^5  per  renL  of  KjO  as 
against  0.44  per  cent,  of  XaiO.  The  percentage  in  the  bltjod  corpuicla  differs  markedly 
in  different  species,  bcini;  generally  inverw;  to  the  percentage  of  Na.  The  corpuscles 
of  the  horv,  pig  and  rabbit  contain  o.jt  to  o.  w  per  cent,  of  KjO  and  nn  XajO;  in  man, 
the  ratio  of  KjO  :NatO  is  0.4  :0.07s;  •"  ^^^  beef,  sheep  and  ^oat,  it  is  0.07  10.33;  "* 
dogs  and  cats,  0,3  :  0.28.  In  the  K-rich  animals,  the  uiisolulkm  of  a  fifth  of  the  cor- 
puscles would  liberate  a  fatal  quantity  of  paia<^sium.  Muitclc  fibers  also  contain  K, 
•ithiHil  \a  (Fahr.  lyi  i).  Maclrod.  IC107.  found  thai  the  juice  expressed  from  the  heart 
or  ikeletal  muscle  prvjduce*  a  typical  potassium  effect  on  the  heart. 

The  dislribuliun  of  K  within  the  celU  has  been  investigated  by  A.  B.  Macallum, 
iflor.  It  is  absent  from  the  nuclei  and  from  the  nen-e  cells;  but  is  present  in  the  cy- 
toplasm of  moftt  vefteL-ihle  and  aniroat  cells,  including  tlie  muscles,  the  nerve  ffbcra,  toe 
gianula  nf  the  pancreatic  cells,  etc. 

Excretku.— .\  considerable  part  of  the  putssstum,  15  to  as  per  cent.,  is  rc4!xcrcted 
in  the  feces.  The  urine  contain.s  generally  Na  ;  K  :  :  a  :  i  to  s :  j.  In  starvation,  the 
ratio  is  reversed  to  i  :  $. 

The  excretion  of  K.  !teem.<;  to  be  hastened  b^  the  addition  of  Na  (Sicrnacki.  tpti). 
A  few  experiments  by  Blumenfeldt.  1913.  indicate  that  the  excretion  of  administered 
potasnam  is  delayed  by  aortic  insufCkiency,  arteriosclerosis,  and  intersdtial  nephritis. 
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Influence  of  Excretion  on  Effect.— The  eficct  of  potassium,  as  of  other  caihiou. 
vane*  greatly  according  to  ihe  chaniifl  of  introduction,  becauie  ifae  txcr^iary  ca; 
for  these  ions  b  usually-  much  greater  than  the  rate  of  their  absorption  from  the  ail 
laiy  canal.  Oral  ail  ministration  i*  thcrtfore  etiective  only  if  ver>'  large  fio*n  arr  giv„_ 
if  tne  mucous  membranes  are  corroded,  or  if  the  excretion  is  checked,  as  by  ligation  of  the 
kidneys. 

The  inHuoncc  of  excretion  is  well  illustrated  by  mugMfitum:  aft«r  cxriftton  of  the  kid- 
neys, the  toxirity  i^s  increased  50  per  cent.,  and  the  action  is  more  ladling  and  cumulative. 
On  the  other  hand,  &ome  vicarious  channel  of  excretion  becomes  esubltsbcd,  su  that  the 
toxicity  is  Ic&it  eighteen  hourn  after  operating  than  it  is  immediately  (.Mdtzcr  and  Lucaf , 
1907I. 

The  tonicity  of  intravenous  K.C1  is  diminished  byNaCI(Ambcrgand  HclmhoU,  19 

A  summary  of  the  excfrlion  of  mils  is  given  by  Hcffter,  looi. 

Systemic  Actions. — The  cfHtra!  nmous  syilem  is  paralyzed  in  itft  whole  extent. 
reflexes  ^u  iTcr.  then  the  mtxluila.     Depression  of  the  respiratory  center  leads  to  asph 
ial  convul-tions.     Absence  or  invreii-sr  of  K  are  bolh  depressant  lo  the  perfumed  rea]^ 
atory  center  of  the  frog  (Houker,  1913).     With  intravenous  injection,  the  mo«t  impor- 
tant etTcct  is  the  lanJiac  paral)'5is. 

Cardiac  Actions. — The  relations  of  K  to  the  other  ions  were  discu&ud  on  pngc  OjS. 

The  heart  is  stimutated  by  small,  fatigued  by  medium,  and  paralyzed  by  large,  dows. 
ThU  is  seen  even  in  the  ncrve-frec  heart  of  the  chick's  embryo,  and  is  therefore  muscuUr. 
In  LangcndorIT  perfusions  of  ihc  err  ised  mammalian  hrarf,  incrca'Mrof  K  produces  inhtbi' 
tion,  followed  by  fihrilLitinn.  Paralysis  occurs  when  the  concentration  in  the  Moad 
reaches  o.o^i  jKr  cent.  (Kald,  1005).  Howell  and  Duke.  190S,  found  that  stimuUtion  of 
the  vagus  causes  an  increa.sed  output  of  K  in  the  perfused  heart,  esjicrially  the  aurkU«, 
They  attribute  the  vagus  stoppage  to  the  K  which  the  stimulation  of  the  ncrNX  convcrU 
from  a  nun-difTustblc  into  a  dtfTusible  form. 

In  iniiicl  itKimmati,  the  effects  arc  somewhat  different  for  intravenous  and  arterial 
tnjecliuns  (Malhison.  igi  1)1  by  ihr  vrin^  there  is  a  prinuiry  fall  of  bliNidprr^fturc,  iritba 
slight  secondar>*  rise.  The  fall  is  due  to  cardiac  disturbance,  decrcasca  output,  heart- 
block,  slowed  puis.',  tonus  changes,  sudden  systolic  standstill,  usually  before  the  res- 
piration slops.  Slow  Continuous  injectioru  into  dogs  produce  jilowinx  and  weAkeniog 
of  the  heart  by  central  vagus  stimulation;  for  if  the  vagi  are  divided,  the  heart  is  quick- 
ened and  sCrcni^thcned.  and  oEtcn  showscxirusyiitoles.  The  direct  cardiac  action  of  the 
small  doses  i*  ihurtture  stimulant.  Larger  doses  depress  the  heart  muscle  directly,  e%«n 
when  the  vagi  arc  divided.  I-'utal  doses  produce  ventricular  and  cv^^ntually  auricular 
fibriUatiiin  iHerirtK,  iQiii).  Arlrriiii  injetlinn  causes  an  immediate  ri>e  of  Mood  pres- 
sure, by  htimuUtioQ  oi  the  vasomotor  center,  and  of  the  vessels  directly  (it  occurs  evca 
when  the  renlral  nervous  system  is  destroyed).  However,  tlie  wssrb  of  frogs  arc  lit- 
Uted  by  perfusion  with  K  (Hooker,  1911). 

Skeletal  Muscles. — K  we.ikens  the  muscles;  diminishes  the  height  nf  contracttoo; 
lengthens  the  latent  period;  and  decreases  the  conductinty  and  excitability  (Fahr, 
1910),     In  this  way,  pola:t<,ium  counterarLs  the  effects  of  veralrin. 

Meigs  and  Atwood,  nji'i,  >uKKest  that  thi-  changes  occurring  on  the  immcnoon  o( 
frog's  muscle  in  0.0  per  cent.  KCI  may  be  expluined  by  the  muscle- membrane  being  mom 
permeable  to  K CI  than  to  the  XafH  and  KtUrOt  that  arc  conlntned  in  the  nuiscW. 
KCl  and  water  would  therefore  diffuse  into  the  muscle-cell. 

NArve. — Injection  of  K  suspends  the  conductivity  of  nerv-cand  potentiates  the  anes- 
thetic effect  of  cocain.  Na.NH.and  .Mg  do  not  have  this  effect  (2om,  191  j).  Injary, 
and  the  local  application  of  li[Kilylic  anesthetics  increase  the  concentration  of  K  iota 
in  medullated  ner\-e  tibers.  This  may  play  a  part  in  the  anetthclic  effect  I'.Mcnicfi. 
[911) 

Potassium  Poisoning  in  Nephritis. — The  admini-^tration  of  5  to  10  Gm.  of  K 
(diluted)  usually  produces  no  symptoms,  even  when  the  permeabQity  lo  NaQ  is 
paired,  as  in  throiiii;  nephritis,  Ociiasionally.  however,  a  nephritic  patient  may  der-dop 
severe  potassium  poisoning,  as  in  a  case  described  by  SmilUe.  1915.  The  symptoms 
Started  after  seven  hours  and  reache^l  their  maximum  in  twenty-one  hours.  Tbey 
comisted  of  cyanosisn  weak  pulse,  and  vomiting.  Rabbits  wilh  their  kidne>-s  rcMkrcd 
less  permeable  by  uranium  nephritis  alw  showed  markedly  increased  sinocptibQII)- 
to  potassium.  However,  with  the  ordinary  [Kitusslum  income,  v.  Limbeck,  l3q>,  Ad 
not  find  it  incrca.<cd  in  the  bloo<J  of  uremic  dogs. 

Potassium  in  the  Toxicity  of  Urine  and  in  Uremia. — The  toxic  action  which 
possesses  when  injected  intravenously  has  been  variously  attributed  to  the  Icuc 
to  toxins,  etc.,  and  at  one  time  even  to  the  urea.     Various  theories  and  metlu 
diagnosis  were  built  upon  the  variations  in  this  toxicity.     It    bas,    however, 
shown  that  about  85  per  cent,  of  the  toxicity  of  the  tuinc  fa  due  simply  to 
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potAsuum  salts.  The  symptoms  arc  also  precisely  those  of  tbe  latter.  What  causes 
the  other  15  pet  cent,  of  the  toxicity  is  at  the  present  not  kno^^'n.  Tlartman,  191$, 
daims  to  have  isolated  fcom  normal  urine  a  cyclic  ketone,  "  Urinod,"  which  15  quite 
toxic,  and  produces  headache  in  small  dwscs — ^perhap^  thrikUgli  it:i  disagretrable  odor. 

If  the  undiluted  urine  is  injected,  its  osmotic  pressure  also  contributes  to  the  tox- 
kitv.  The  acidity,  volatile  products,  pigments,  and  urea  have  no  effect.  It  is  quite 
pnttable  that  the  urine  conliuns  true  toxins  and  other  toxic  products  in  disease,  but  no 
method  has  so  far  been  de\*Jsed  for  estimalin;;  the  importance  of  thcM. 

The  cowlilion-*  arc  stil!  more  complicated  in  urrmta:  it  is  verj-  probable  that  the  re- 
tention of  potassium  and  ammonium  <>alt^  and  the  increased  osmotic  pressure  of  the 
blood  contnhute  to  the  cflccls.  but  there  st'om  to  be  other  fiiotor*  which  are  not  under- 
Stood.  Foster,  rqi;,  has  isrtlateiKnmeunitlentified  crystallizable  tunic  substances  from 
the  blood  of  uremic  patients,  which  he  failed  to  And  in  normal  hinod.  Further iovestigi* 
tkm  is  Deeded. 

PREPARATION 

'  PoUissii  Chhridum,K.Ci. — Readily  sot.  In  water.  1  to  a  Gm.  (15  to  30  gr.).  Not 
to  be  confused  with  the  toxic  chlorate! 
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General  Statement. — Lithium  urate  is  relatively  soluble.  By  a  mis- 
interpretation of  this  chemical  fact,  the  lithium  salts  were  introduced  as 
solvents  for  uric  acid;  and  hence  as  remedies  against  gout,  rheumatic  con- 
ditions, etc.  Since  the  soluble  urate  can  not  be  formed  in  the  presence  of 
sodium  or  potassium  ions,  it  can  not  exist  in  the  body  or  in  the  urine. 
The  uses  of  lithium  salts  therefore  have  no  rational  foundation,  and  they 
may  be  considered  inefficient,  and  in   larger  doses  somewhat  dangernia. 

The  actioD  of  this  cathion  lesembles  potassium  quite  closely  but  it  is  somewhat 
less  toxic  to  the  heart,  and  causei^  a  va^us  stimulatiun.  These  cftecis  are  seen  only  on 
iatravcDous  injection.  A  most  important  dillcrcnce  from  potassiura  consists  in  a 
specific  laHrorHltriih  which  is  nrodured  even  when  the  salts  are  given  Aubcutaneously, 
or  if  the  administration  of  small  doses  is  continued  for  some  time  (1  Gm.  of  IhecarboDate 
in  man).  The  at  (i<in  is  local,  the  lithium  being  largely  es(.rete<l  by  this  channel.  It  is 
alitoexcrctedby  the  kidnovs.  but  dt>€«  not  cause  nepliritia  (Krumho^,  iSS4;Good,  1903). 
It  isalso  etcrrted  in  the  intik  (Kolik-wijn,  igio). 

Acute  poisoning  from  larger  doses  in  man  (four  doses  of  2  Gm.  of  LiCl]  is  described 
by  CleavcUnd,  1013.  There  were  ni>gastio-intcstinttl  symptoms;  but  marlted  mu^ular 
aild  general  proslradon;  vertigo;  and  eye  and  ear  symptoms  resembling  tinchanlsm. 

Action  on  Dnites.^LipDwitz,  1S41,  found  that  lithium  carbonate  is  a  better  solvent 
for  uric  arid  (about  four  limes)  than  sodium  catbnnatr.  He  suggested  its  therapeutic 
luc,  and  this  was  introduced  by  l.'re,  1844,  and  Uinswanpcr,  1847.  Garrod,  1861, 
found  that  gouly  tophi  were  dissulvetl  in  lithium  solution.  However,  the  solvent  ac- 
tion occurs  only  when  strong  solutionis  nf  lithium  carbonate  act  on  uric  acid.  In 
the  presence  of  NH..  Xa  or  K.  the  loss  soluble  unites  of  ihese  cathions  are  formed. 
The  solution  can  therefore  not  occur  under  the  conditione  of  the  body  or  urine  (sea 
Index,  Urate  Solvents).  Lithium  salts  have  diuretic  actions  (Huscmann),  but  no 
greater  than  the  \a  •lalL'!.     The  popular  "Llthla  waters"  have  been  shown  to  be 

£  radically  dex'oid  of  Eithtum.     The  liest  contain  only  0.01  to  0.02  per  cent.     "  Buffalo 
tlhia  Water"  conllains  only  a  fifth  as  much  lithium  as  Potomac  Kivcr  water;  200,000 
|:all<ins  Would  be  needed  to  supply  the  ordinar>'  therapeutic  duse  of  lithium. 

■  PRF.PARATinNs— untrrM 

IMhii  Carbanas  (lilh.  Carb.),  U.S.P..  H.P..  l.i»CO,.— Light,  white  powder;  odor- 
_less;  alkaline  laste.     S<jl.  in  water  (t  :  78);  almost  iosol.  in  ale.     Dost,  0.5  Gm..  %  gr., 
".S.P.;  0.13  to  0,3  Gm,.  1  to  j  gr..  B,P. 

Liihii  CUras  (Lith.  Clt.),  U.S.P..  B.P.,  Li.CJIjOr  +  4H1O.— A  white  powder,  or  in 
granular  form;  odorless;  cooling,  faintly  alkaline  taste.     Deliquescent.     Freely  sol. 
water  (i  :  1.4);  very  sKghtly  sol.  in  ale.     Dosf,o.$  Gm.,  8  gr..  U.S.P.;o.3  to  0.6  Gm., 
to  10  gr..  6. P. 
Litk.  CU.  Ejf.,  B.P.— s  per  cent.     Dost,  4  to  8  Gm.,  1  to  3  drams,  R.P. 
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RUBroiUM  AND  CESIUM 


Thcf.e  al^o  rcMmblo  nota.sMum,  Rubidium  iodid  and  broraid  have  been  introduced 
into  therapeutics,  with  tnc  claim  that  they  produce  less  iodi^m  and  bromism,  although 
Ihey  arc  quite  as  soluble,  and  even  more  diffusible  thau  ihe  correspondiog  K  satis. 
The  doMS  are  the  same  as  thoM  of  the  fH)ta<isium  salts. 


AMMONIUM  COMPOUKDS 

General  Statement. — The  ammonium  ion  produces  rather  strong 
stimulation  and  subsequent  paral\*sis  of  the  central  nen'ous  system, 
especially  the  medulla.  The  systemic  effects  are  seen  only  with  intravenous 
administration,  because  the  ammonium  ion  is  rapidly  converted  into  urea 
and  excreted.     On  excised  muscles,  it  has  also  a  weak  curare  action. 

In  intact  animals,  the  effects  of  the  ammonium  compounds  are  strictly 
local.  They  diffuse  rather  rapidly,  and  thus  exert  considerable  salt  action, 
especially  irritation.  These  local  actions  increase  the  flow  of  mucus,  which 
is  also  rendered  more  fluid.  Ammonium  chlorid  is  therefore  used  as  an 
expectorant  in  the  first  (dry)  stage  of  acute  bronchitis.  It  is  also  some- 
what diaphoretic  (nauseant  action?).  Large  doses  are  emetic.  Ani- 
monium  acetate  has  been  employed  as  a  weak  diaphoretic  and  diuretic 
in  fevers,  but  is  probably  useless. 

Ammonium  hydroxid  and  carbonate  act  also  as  alkalies;  and  by  the 
liberation  of  the  volatile  and  difl'usiblc  NHa,  their  action  extends  deeply. 
Their  vapor  is  used  to  produce  reflex  stimulation  of  the  medullary  centers 
(trigeminal  reflex),  in  collapse,  fainting,  etc.  When  too  concentrated, 
they  produce  laryngitis,  bronchitis  and  pneumonia. 

Applied  to  the  skin,  ammonia  produces  rubefaction,  and  if  concentrated 
and  confined,  vesication,  usually  without  corrosion.  It  is  used  in  combina- 
tion with  oil  (ammonia  liniment)  for  counterirritation  in  rheumatism,  etc. 
Ammonia  is  also  applied  to  insect  bites. 

Expectorant  Action. — 'Ihe  increased  secretion  of  mucus  and  saliva 
is  mainly  a  reflex  from  the  local  irritant  action,  although  there  may  be 
some  direct  centra!  stimulation  (V.  E.  Henderson,  1910).  The  liquefac- 
tion of  the  mucus  may  be  due  partly  to  the  ammonium  ion,  partly  to  the 
excretion  of  the  alkaline  ammonium  carbonate  by  the  saliva.  This 
excretion,  however,  must  be  quite  small,  since  most  of  the  ammomum  is 
dest^u^'ed  in  the  body.  Ammonium  chlorid  is  also  said  to  have  a  primary 
astringent  effect  on  the  mucous  membrane. 

Administration. — .\nimonium  chlorid  is  used  in  acute  bronchitis 
in  the  dose  of  o..^  Gm.,  5  gr.,  repeated  as  needed;  either  as  troches  (0.1  Gm., 
itH  KT.).  or  in  solution.  Its  disagreeable  taste  is  less  noticeable  in  acid 
mixtures  {syrup  of  cUric  aeui).  Ammonium  carbonate  (same  dose)  is  more 
solvent  for  mucus,  but  rather  nauseant. 

When  it  is,  dc^rcd  l»  extend  the  direcl  action  to  the  tracheft  and  bronchi^  tht  am* 
moniiim  ma)-  be  administered  in  the  form  ol  inhalation  u(  ammonium  cltlurid,  producfll 
in  a  hnely  divided  state  by  bringing  together  the  ^'apon  of  ammonia  and  hytuochkiric 
acid- 

Bronchial  Secretion. — Ammonium  ^alu,  like  other  emetic«,  increase  the  bronchial 
mucus,  even  when  ihcy  are  platvd  in  tlu-  intestines;  but  by  this  mcthcKl,  the  dww  mu»i 
be  muth  larger  than  iherapcuiit:.  Ammonium  »alU  produce  moderate  dilation  of  ei- 
ciscd  brnnchiai  musric  (  Ircndclcnburif.  1912). 

Absorption  and  Ezcretioc  by  the  LuoKS-~MagnU5,  1902.  and  Hrudni.  1907,  (oubd 
thai  Bmmuaia  is  ndthcr  absorbed  nor  excreted  by  the  lungs;  but  Hoeber,  i«ii,  ud 
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McGuigan,  1013.  claim  that  the  inhalation  iocrea&ts  the  ncnrenlage  of  ammonium  in  the 
blood.  However,  thU  insignificant  absorption  occur*  from  the  traxrhea  and  bronchi, 
and  also  from  injured  alveoli  ;  Magnus.  Sorfidrager  and  Leuwen,  ii>i4,). 

W.  ColcmaOi  1916,  elates  that  un  ntoRioniiim  tn>te  can  be  dis<-erned  in  the  sputum 

tnot  in  the  saliva)  twelve  houn  after  discontinuing  small  doses  ( \i  grain  every  two 
oun). 
Disintoxication  of  Ammonium. ^Ammonium  is  partly  cxcriiied  as  such 
Dy  the  urine;  but  the  greater  proportion  is  rapidly  converted  into  urea, 
according  to  the  formula : 


\nh«         \nh,  H,0 


I  Two  molecules  of  water  are  split  off  from  the  ammonium  carbonate 
ind  urea  remains.  This  liberates  the  acid  ion  with  which  theNH*  was 
combined:  tliis  will  seize  upon  the  free  fixed  alkali  of  the  body,  and  lead 
to  a  tUminishcd  alkali  stock  of  the  tissues.  In  this  way  any  excess  of 
ammonium  introduced  into  the  body  is  very  soon  eliminated,  or  at  least 
^ceases  to  act  as  ammonium. 

^B      The  liamformation  or  ammonium  into  urea  is  much  more  complete  when  the  am- 
^^monium  is  given  combined  vcilh  orf^nic  acids,  than  in  the  case  of  it*  taorganic  salts. 
for  witli  the  latter,  a  part  of  the  animoiiiuin  13  needed  to  help  in  the  neutralization  of 
the  anions  (L'DdcrbiUi  Caldwell  and  Clotworthy,  iQib). 

Ingested  ammonium  disappears  very  rapidly  from  the  circulation,  even  if  the 
kidneys  are  ligated  (Jacobson,  1Q14).  The  conversion  of  ammonium  carbonate  into 
urea  15  practicallv  complete  in  all  mammals.  Ammonium  chlorid  is  destroyed  more 
efficiently  by  herbivorous  animaU  than  by  camivorie  or  man. 

Ammonium  in  Metabolism. — Arterial  blood  contains  normally  about  1.5  mg.  of 
NHi  per  too  c^c.  Purtal  blood  contains  from  3.$  to  8.5  mg.  (Carlson  and  Jacobson, 
1910).  Folin  and  Denis,  ipu,  believe  that  the  excess  in  the  portal  blood  comes  mainly 
from  bacterial  changes  in  the  large  iiitc^tinr^.     T)ie  ainmunmni  is  prububly  a  normal 

I  forerunner  of  urea.     This  is  formed  from  ammaniuDi  carbamate  bv  the  subtraction  of 
1  CtX  -  H,()  -  Cd  < 

I  X)(NH,)  NH. 

Place  of  ITrea  Fonnatioo. — ^The  transformation  nf  ammonium  into  urea  occurs  in 
perfused  liver  (v.  Schroeder,  iSqj;  Fiske  and  Kar>>ner,  ig[3)}  the  urea  may  also  be 
coDHderably  higher  in  the  hepatic  than  in  the  purtal  bltNMl  (Van  ^yke.  Cullen  and 
McLean,  igrO.  The  liver  must  therefore  play  a  prominent  part  in  urea  furmatioo. 
However,  probably  all  organs  participate.  Capecially  in  its  formation  from  amino-acids 
(Folin.  t<)l4}.  For  instance,  the  amotint  of  urea  in  the  tissues  or  blood,  after  tlie  io- 
vcDous  injection  of  amino-acid».  is  smaller  In  animals  with  the  liver  and  intestines 
cludetj  from  ihe  circulation  (Fiske  and  Sumner,  1914).  Janscn,  1915,  also  presents 
V\'idrncc  that  the  liver  has  a  considerable  rule  in  the  formation  uf  urea  from  am!no-acid». 

Function  of  Ammoniimi  in  Neutrality  Regulation. — ^The  transforma 
tion  of  ammonium  Into  urea  is  utilized  for  the  control  of  the  reaction  of  the 
Ixxly:  when  there  is  an  excessive  formation  of  acid  (acidosis),  the  transfor- 
mation is  leas  complete,  the  acid  being  neulralizt-d  by  the  ammonium,  and 
excreted  in  the  urine.  If  alkalies  are  admmislcred,  the  ammonium  is 
displaced  from  its  salts,  and  converted  more  compk-lely,  so  that  none  may 
appear  in  the  urine  (Janney,  1012).  The  ammonium-urea  relation  of  the 
\irine  is  thus  an  index  of  the  acid  production  or  alkali  income. 

Hepatic  Lesions. — Rovighi,  1889,  and  Joanoovics,  i^^,  describe  dilation  of  the 

latic  lapillaric^  and  protoplasmic  changes  after  the  oral  or  h>'podermic  adminbtra- 

0  of  ammonium  salts.     With  chronic  |>oisnning,  there  is  alwi  connective  tissue  pro- 

eratioo;  soKSCsting  the  possibility  that  ammonium  may  be  concerned  in  the  etiology 

fd  hepatic  drrhoii^. 
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XJdlizatkm  of  Ammonium  Kitrogra.  — Cirafc  and  Scliupfcr,  tgis,  claimed  that  uo- 
■nonium  muy  replace  (Ik^  pruU-in  in  iiMnl.  Thi^  wits  confirmed  by  Krwi»]i,  iQi  j;  Gnfr, 
tqt4.  aod  oihers.  However,  it  does  Dot  prove  that  ammonium  is  coDvcrlvd  iDW  tiasuc 
nitrogen.  It  is  more  probable  that  it  is  utilliccij  by  the  inti->tiual  bacteha,  aod  thai  thoe 
are  then  di^f<>led  and  their  nicroficn  absTirbed.  Acconhni^y,  Hcnriquezand  AndeniOB, 
1914.  found  no  retention  of  nitrogen  after  the  intravenous  injection  of  amioomum  or 
urea.  Taylor  and  kiii;jcr,  n^t  j, did  observe  ron^derable  N  retention  after  oral  admini»- 
tration  of  ammonium  larbu'nate.  How'evcr,  the  aaeociated  channel  in  metaboliuD 
in<lii:ate  ihut  the  rtlenlion  is  due  lo  a  luxic  action  of  the  ammonium,  rather  than  to  its 
utilleation  (Undi-rhill  and  (iuldschmidt,  1Q13). 

Autointoxication  by  Ammonia. — The  symptoms  of  uremia,  tetany  and  other  convul- 
sive disca.-ws  resemble  somewhat  the  picture  of  ammonium  poisoning.  It  ha.*  therefore 
been  suKgested  that  these  conrlitlons  are  due  to  failure  of  the  liver  to  transform  liir 
ammonium.  Thi:^  appears  unfounded.  There  is  no  evidence  that  the  abilitv  In  furm 
urea.  Ik  impnircit,  except  perhajts  in  extreme  casein  of  liver  dejj-eUeralioa.  Fiske  and 
Karsncr,  1014,  found  the  ammonia  converdon  by  perfused  liver«  unimpaired  alter  acute 
hefmlic  injury  by  tldnrulorm.  jjliDSplmrus,  etc.  Kven  if  the  ammnnium  were  not 
deslroyed,  the  excretory  mechanism  of  Uic  kidneys  could  be  expected  to  remove  the 
excess. 

In  fact,  the  anunonium  content  of  the  blood  has  not  been  found  iiKrea»ed  in  uremia 
or  in  aculc  yellow  atrophy  of  the  liver.  An  increase  of  50  ikt  tent  alxive  the  ni^rmil 
has  been  reported  after  complete  excL^on  of  the  thyroidR  and  parathyroids  (MacCallura  ^ 
and  Vocifllm.  iqoq;  Berkeley  and  Becbc,  l9og};  and  the  ammonium  prixluttion  i%  -*■ 
incr«a.w<r(Underhill  and  Saiki,  iqo8),  or  its  destruction  diminished  iCarlwin  and  Jacob-  — 
son,  1910).  A  simitar  increase  was  re(>»rted  in  clinical  tetany  iMusier  and  Gotxlman.  -^ 
■Ooq).  There,  is  also  a  chwe  resemblance  iR-lween  the  ftymploms  of  tetany,  Ibow  of  * 
animals  nnth  Kck'a  fistula  on  a  meat  diet  (I'awlow,  tS^i);  and  ammonium  poi^^oaing.  — 
Even  the  ronrentration  *if  XH(  in  the  bhwid  required  to  produce  true  ammi>nium  tetany  ^^ 
(0.008  per  cent.,  Magnus  et  a!,  i<)i4t  fcemed  very  similar  jjacob»on.  1910I.  However,  .^1 
the  later  work  of  Carlson  and  Jacobson,  191  r,  with  improviM  raelhnds.  ^hon^ed  that  the  -^ 
increase  of  ammonium  is  nnl  constant  and  falls  within  the  variaiions  of  normal  animals.  « 
so  tliat  evL-n  Oiese  condilii^?  can  not  yet  I>c  classed  a^  ammonium  intoxiLalton«. 

Intravenous  Injection  ot  Ammooium  Chlorid. — Hie  effects  vary  with  the  dti*ie  and  ' 
the  rate  of  injection.  Marfuri,  iSg_i,  rlescribcd  immciiiate  tremors  and  twitchtnfs,  .^ 
advancing  tu  tetany,  violent  convulsions  and  opisthotonus;  irrvjiular  ropiralinB;  .^ 
salivation  and  cmesis;  somnolence  ami  lassitude.  The  rfspimtiiin  sbow%  momentary  "^ 
convulsive  inspiratory  siand.«ti^l,  followed  by  increased  rate.  This  stimulation  occur*  -^^ 
even  ivilh  small  dos*>s.  Blmiii-prr-iiurr  IracinK^^  (FiR.  jS)  show  a  tempt>rar>'  fall;  .^ 
then  a  slow  but  more  lasting  rise;  with  slowed  rate  and  '"vapus  pulse."     The  rale  may    ~** 

he  quickened  during  the  convuUi^ln^.     These  rflccLs  indicate  stimulation  of  the  pcspin- 

tor)*,  vasomotor,  and  vagus  centers.     If  the  injectioo  is  not  prumplly  fatal  the  (uncUoni  ^^ 
recover  rapidly  (MenettUKzi.  1012). 


Pt -.     jH  — Ammonium  chloric],  intrmwaoiu     Ciiroti<!  prMmre  Traeist.  Aoft 

Cunre  Actkm. — Tliin  t%  much  weaker  than   with  the  organic  ammotuum  -bases 

(sec  Muscarin). 

Reflexes  from  the  Inhalation  of  Ammonia  Vapors.— Through  irritation 
of  the  sensory  trigeminal  endings,  these  produce  momentari,'  standstill, 
then  increase  of  respiration;  stimulation  oi  the  vasomotor  ccnlcr  (rise 
of  blood  presstirc)-,  and  vagus  slu>^-ing  of  tiie  pulse  (in  rabbits,  vagus 
standstill). 
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Use  for  Medullary  Stimulation. — Ammonia  is  one  of  the  most  effect- 
jceans  for  stimulating  the  medulla  reflexly.  It  may  be  used  as  the 
tic  sfyirii  of  ammonia — 15  to  30  drops  in  a  tumbler  of  water;  or  as 
ammonium  carbonate — smelling  salts;  in  heartache,  fainting,  collapse, 
excessive  anesthesia,  etc.  Care  must  be  used  so  that  the  unconscious 
patient  is  not  made  to  inhale  too  concentrated  a  vapor. 

■  Toxicolc^. — The  neutral  ammonium  salts  may  produce  gastritis. 
PHiis  would  be  treated  by  dilution  and  evacuation.  Ammonia  and  the 
^rbrtnate  produce  more  \'iolent  irriration,  and  also  inflammation  of  the 

respiratory  passages.    The  mortality  of  ammonia  poisoninj;  is  therefore 
high.     If  the  patient  recovers  from  the  acute  effects,  pneumonia  may  set 
in:  or  the  hoarseness  or  aphonia  may  last  for  months.    The  treatment 
bonsisls  in  artiticial  respiration,  weak  acids  and  oils. 

■  PKKPAKATIONS — AUMdNIUM 

r     *Li^.Ammon.Aca.,\J.S.P..H.i'.    (Spirit  »E  Minderenis).— 7  percent. of  NH.C»H,Oi, 
with  MRiall  amounu  of  acetic  and  carbonic  acids.     Should  be  slightly  acid.     Must 
be  recently  prepared.     D<ne,  15  c.c,  4  drams.  U.S.P.;  8  to  34  c.c,  3  to  6  drams,  B.P. 
'AmmoniiCarboH4u  (Ammnn.  Carb.*,  U.S.?.,  B.P.  (Sal  Volatile,  Hartshorn,  Baker's 
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lonitt)-— Consists  of  var>'ing  proportion*  of  a  minturc  of  acid  amtnonium  car- 
'ftonate  (VHtHCOj)  and  ummonium  carbiimatL'  (XHiNHiCOi).  For  mcilicinal  pur- 
poses, only  (he  CranMuccnt  pnrlJon.i  are  used.  On  erpo.iurc  to  air,  it  hccnmes  a  powder, 
losing  SHi  and  COj;  and  chanKin];  to  ammonium  bicarbonate,  XH4HCO1.  White, 
bard,  traailucent,  striated  reaves;  «rong  odor  of  ammonia,  without  empyreunoa; 
iharp,  aatine  taste.  It  is  i>low]y  but  freely  »o1.  in  water  (i  :  4).  the  carbamate  changing 
to  normal  .-vmmonium  carbonate.  It  h  decomposed  by  hot  water.  Alcohol  dissmves 
the  carbamate  and  leaves  the  carbonates.  IncombaSibtt  with  acids  and  the  salts  of 
most  metals  and  alkaloids.  Doit.  o.j  Gm.,  5  gr,  U.SP.;  0.3  to  0.6  Gm.,  3  to  10  gr., 
B.IV;  diluted. 

'Spiriius  Ammoaiix  Aroimttictis  (Sp.  .\mmon.  .-Vrora.).  U.S.P.,  B.P.  (Aromatic  Am- 
monial. —  \  •inlulion  nf  ammonium  carbonate  (3.4  per  cent,),  nnnmnia  water  (q  pet 
cent.),  and  aromatic  oiU  (lemon,  la>  cndcr  and  nutmeg>  in  alcohol  of  about  60  per  cenL 
(U.S.P.),  The  compiHilion  of  the  B.P-  is  similar.  A  nearly  c»lorIr&»  liquid  when  freshly 
prepared,  but  gradually  acc^uiriag  a  yellowish  color.  Dole,  3  cc,  30  minim_s  U.S.P.; 
1.2  to  1.^  cc,  30  to  40  mmims,  repeated;  single,  4  to  6  cc,  (K>i.o  90  minims,  B.P.; 
laiiseiy  diluted. 

'Amnion.  Chlar.,  U.S.P,,  B.P.  t&d  Ammoniac;  Salraiac),  NH.C).— While  crystalline 
Jcr,  without  odor,  of  cooling  saline  taste.     I'*reely  sol,  in  water  ( 1  :  3.6);  ^1.  in  ale. 
too);  frcelv  sol,  in  glyc.  (i  :  8).     Neutral  or  slightly  add  to  litmus.     IncompalibU 
ih  alkaline  nydroxida  or  carbonates  (liberation  of  ammonia);  precipitates  with  Ag 
Pb  salts.     Dtiie.  o  j  Gm.,  5  gr.,  U.S.P.  (0.3  to  1.2  Om..  5  to  30  pr.,  B.P. 
Track.  Ammon.  CUar.,  U.S.P. — 0.1  Gm..  flavored  with  Licorice  and  Tolu. 
_     MfUd  Ammonia  (.Vq.  .Vmmon.),  U.S.H.;  Utf.  Amntcn.,  B.P.;  .■\mmonia  Water. — 
Contain?  about  ioi>ercenl.  (by  weight)  uf  ammonia  (NHj).     Tt  loses  strength  on  ittand- 
CotorlcM  liquid  of  pungent  ammonia  odor  and  caustic  soapy  taste.     Freely  mia- 
le  with  water  and  alcohol.     Inrompiiiibie  with  most  metals  and  alkaloids.  Desr, 
-<.,  \b  mintnu,  U.S.P.;  lari^ely  <liluted. 

.Ig  Ammon.  Forttor,  U.S.P,;  contains  about  ?Jt  per  cent,  of  ammonia;  Liif.  Amm^n. 
nil,  B.P.,  about  ii.-i  per  cent . 
'LiHimfHtum  Ammanitf  (I.in.  .\mman.).  U.S.P.,  B.P.— A    mixture  of  1  part  am- 
iinia  water  and  3  parts  of  fatty  oil  (sesame.  U.S.P,;  almond  1,  olive  2,  B.P.). 
Uh.  Campk.  AmMon..  B  P.  fCompound  Liniment  of  Camphor). —  is.j  per  cent,  of 
iplitir;  35  per  cent,  of  Stronger  .\mmonia  in  alcoholic  solution  of  Lavender. 
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_  These  are  remedies  ihaj  mo<liry  expectoration  and  are  therefore  em- 
ployed in  the  treatment  of  coughs.  The  successive  stages  of  bronchitis 
present  different  indications)  which  are  met  by  the  various  classes  of 

Kpectorants. 
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The  act  of  coughing  is  a  codrdinatcd  rcScx  involving  the  respiritory  cenicr,  tad 
multing  in  the  sudden  and  violent  expulsion  o(  air  from  the  lung),  U  ha^  a  physiologic 
function  in  the  removal  of  irritant  subsunces  ur  of  accumulation  of  mucu«  from  Uw 
respiratory  passagci.  Like  other  reflcxci,  howTvcr,  it  tends  to  persist  after  iti  cau<« 
has  eca-ted  to  he  active;  or  it  may  become  exi.<;»ivc.  In  eilhei  ca.s«.-  it  will  n^uirc 
treatment.  It  mui^t  be  borne  in  mind  that  couf^h  ih  merely  a  symptom,  and  while  it 
may  be  treated  directly,  as  ftuch,  no  treatment  can  be  of  permanent  benelil  unlc»  it  b 
also  directed  against  the  original  cau<>e,  if  thi<i  is  !«till  in  opcralian.  Thi^i  cause  \ir%  xoMt 
CAromonly  in  tiie  respiratory-  ^a^sagei*,  but  there  appear  to  be  other  conditions  wfaidi 
may  give  rise  to  cougli,  or  which  at  least  maV  help  in  il>  production.  The  changes  pro- 
duced in  the  geneiflJ  circulation  by  drug&  Uke  digUalis,  strychnin,  or  the  nitritts  arc  fre- 
quently beneficial.  When  signs  of  disease  are  preicnt  in  other  organft  (dy»pcpai», 
etc.t.  these  should  receive  direct  Ireatmenl.  General  measures,  such  as  Isnllvca, 
diaphoretics,  antip>Tetics.  anali;ci«ic5,  etc..  must  be  used  as  the  indications  arise.  Ite> 
mnval  to  a  more  suitable  climate  i^  always  ad  vi>ahlc,  and  siimetime^  neces'^.irA'fnchrotnc 
brDnchiti&.    A  dry  climate  is  chosen  if  the  secretion  is  profuse,  and  vict  teria. 


SEDATTVE  EXPECTORANTS 

These  are  used,  especially  in  the  early  dry  stage  of  bronchitis,  to  soothe 
the  acute  inflammation,  mainly  by  stimulating  the  secretion  of  the  pro- 
tective mucus.  They  comprise  ihe  nauseant  expectorants,  especially 
ipecac  and  antimony;  more  rarely  apomorphin,  pilocarpin.  lobelia,  etc. 
(Senega,  ahhough  a  nauseant,  is  generally  classed  as  a  stimulant  expec- 
torant.) With  the  sedative  expectorants  may  also  be  classed  the  denrnl- 
cent  ej^ctorants,  acacia,  s\Tup,  glycerin,  g!yc\TThiza,  demulcent  htrbs 
(species  pectorales,  breast-tea)  ;thf  saline  expectorants,  ammonium  chlorid 
and  potassium  iadid;and  the  alkaline  expectorants,  ammonium  carbonate, 
sodium  bicarbonate  or  borate. 

These  saline  and  alkaline  expectorants  are  alw  used  in  the  other  stages 
of  bronchitis,  whenever  th<:  mucus  requires  thinning.  The  demulcents 
arc  useful  Ibroughout. 

mWTAWT  (STTMULAirr)  EXPECTORANTS 

These  are  employed  in  subacute  and  chronic  bronchitis,  to  irritate  the 
mucous  membrane  in  such  a  way  as  to  stimulate  repair.  They  tend  to 
diminish  the  excessive  secretion  usually  present  in  these  later  stages. 
They  are  represented  especially  by  the  aromatic  expectorants.  The  vola- 
tile oils,  balsams  and  phenols,  especially  Icrpettt  hydrate,  Icrcbene,  cubcba, 
santal,  balsam  of  Peru,  tolu,  and  styrax,  creosote  and  guaiacol,  tar.  ben- 
7X)alcs.  The  irritant  srrttRa  and  stfuUl  are  also  classed  as  irritant  expec- 
torants. Astringents  are  used  when  the  infiammalion  involves  the  larynx 
or  pharynx. 

AKODTNE  EXPECTORANTS 


These  are  represented  mainly  by  the  opiates,  paregoric,  mofphin, 
heroin,  and  especially  codein,  all  in  small  doses.  Thcbc  are  used  to  de- 
press the  excessive  cough  reflex,  especially  if  the  secretion  is  scanty. 
and  should  not  he  employed  when  the  mucus  is  excessive.  They  appcv 
to  diminish  the  secretion,  presumably  because  the  delay  In  its  cxpuliuoa 
permits  drying.  Hydrocyanic  acid  was  used  in  coughs  to-  slimulalc  the 
respiratory  center  and  perhaps  for  a  local  anodyne  action.  It  is  ineffective 
and  obsolete.    Small  doses  of  chloroform  are  also  employed. 
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SOIPLIFICATIOK  OF  EXPECTORANTS 

The  great  number  of  expectorants  is  not  generally  needed.  The  follow- 
ing suSEice  to  meet  the  conditions  in  the  most  effective  manner: 

Against  dry  congestion:  Syrup  Ipecac,  i  c.c;  or  Tartar  Emetic,  5  mg. 

gainst  thick  secretion:  Ammon.  Chlorid,  0.3  Gm.;  KI,  0.25  Gm. 

Against  excessive  thin  secretion:  Terpene  Hydrate,  0.15  Gm.  in 
capsules. 

gainst  irritation:  Codein,  5  mg.;  Alkaline  gargles. 

EXPECTORANT  VEHICLES 

The  syrups  of  tolu,  of  tar,  and  of  wild  cherry  contain  expectorant  constituents, 
but  their  quantity  is  so.  small  that  they  act  merely  as  flavoring  vehicles.  The  syrups 
of  glycyrrhiza  and  of  acacia  are  also  used. 

COUGH  MIXTURES 

These  polypharmacal  preparations  usually  contain  morphin  and  therefore  give 
relief;  but  since  they  can  not  meet  the  special  indications  of  the  different  stages,  they 
should  be  avoided.  The  "Brown  Mixture,"  whose  activity  depends  on  antimony  and 
(^um,  is  one  of  the  best.    This,  and  a  few  others,  may  be  mentioned  as  illustratioiu. 

PREPARATIONS — COUGH  MIXTURES 

(*ifist.  Glyeyrr.  Co.— See  Index). 

i*Syr.  ScU.  Co.~See  Index). 

Species  PectoraUs,  N.F. — Altluea,  Coltsfoot,  Glycyrrhiza,  .\nise,  Mullein,  and 
Orris.    Used  as  infusicn  t  :  10  ad  libitum. 

Syrufms  Pint  Strobi  Composilus,  Compound  Syrup  of  White  Pine,  K.P. — White  Pine 
Bark,  Wild  Cheny.  Aralia,  Gilead,  Sanguinaria,  Sassafras,  Chloroform.  Dose,  4  c.c, 
I  dram. 
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General  Statement — The  insoluble  calcium  phosphate  and  carbonate 
serve  to  give  hardness  to  the  bones  and  teeth.  Their  deficiency  is  one  of 
the  important  phenomena  of  rickets  and  osteomalacia.  Pathologic 
calcifications  of  arteries  and  other  tissues  are  phenomena  of  degeneration; 
their  mechanism  is  not  understood. 

The  soluble  Ca  ions  have  equally  important  functions.  They  are 
present  in  all  tissues,  and  appear  to  be  essential  to  the  proper  permeability 
of  the  plasma  membrane.  Excess  of  Ca  is  depressant  to  most  nervous 
and  muscular  functions,  and  is  antagonistic  to  Mg  and  Na.  These 
systemic  actions  are  produced  only  on  excised  tissue  or  with  intravenous 
injection,  since  the  absorption  of  Ca  is  quite  slow.  It  has  been  tried,  with 
only  partial  success,  in  various  spasmodic  conditions. 

Acute  deficiency  of  Ca  produces  stimulation  of  these  structures,  most 
conspicuously  of  the  central  nervous  system.  This  is  seen  in  poisoning 
by  oxalates,  which  precipitate  Ca.  It  may  also  be  produced  by  the  intra- 
venous injection  of  citrates  or  tartrates  which  decrease  the  ionization  of 
Ca. 

Calcium  is  also  necessary  for  the  coagulation  of  blood  and  for  the 
typical  clotting  of  milk.  Calcium  salts  have  therefore  been  administered 
in  hemorrhagic  conditions;  but  since  these  are  not  generally  due  to  de- 
ficiency of  Ca,  it  is  questionable  whether  the  additional  Ca  has  any  effect. 
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PHARMACOLOGY 


Calcium  seems  to  decrease  the  permeability  of  blood  and  lymph  wes- 
scU,  and  thereby  to  lessen  exudation.  It  has  been  used  with  some  success 
against  serum  rashes,  etc.  Calcium  carbonate  (chalk)  is  employed  in 
diarrheas  as  antacid  and  protective:  but  it  may  also  decrease  the  ciudaiioa 
directly.  Lime-water  (solution  of  calcium  hydroxid)  is  added  to  milk  lo 
increase  its  alkalinity.  Calcium  oxid,  quicklime,  is  a  slowly  acting  caustic, 
and  is  used,  as  also  the  hydroxid  or  staked  lime,  as  disinfectant.  Caldum 
sulphate,  plaster  of  Paris,  is  imporunt  for  its  mechanical  properties. 

The  calcium  salts  arc  also  used  for  the  actions  of  their  anioni 
(bromid,  etc.).  They  are  less  rapidly  absorbed,  and  perhaps  lessirrilaDt 
than  the  corrc-i ponding  Na  salts. 
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Distribution  of  Ca  in  Cells.— Calciam  is  present  in  practically  aU  cells  ud  tfanei. 

Only  a  few  of  the  lower  fiinni  arc  alilc  lo  live  without  it.  O.  Loew,  iRgp,  claimed  that  it 
occurred  only  in  the  nucki  and  not  in  the  cytoplasm  of  tlic  crib,  tn  support  of  thll, 
Hiicrliammer,  iQii.  Umtid  it  absent  from  the  non- nucleated  red  blood  cdu  (beef),  bal 
pnuent  tn  the  nucleated  corpuftcles  of  cliicken».  Huwevcr.  Macallum  has  iimod 
direct  microchcmic  evidence  that  it  is  not  in  the  Duclei  proper,  but  in  the  nuclear  racflh 
brane  and  cytoplasm. 

Calcium  Income.— The  daily  re<|uircmcnt  {or  man  has  been  c<tima(cd  ai  1.5  l«  J 
Gm  CaO;  0.7  to  1.5  (!m.  is  probably  the  minimum,  <)rdinar>-  diets  contain  a^  10  4-* 
Gm.  (according  to  Sherman  and  co-Mrorker$,  1910.  vXmerican  diets  yield  only  0.0S  l« 
i.6g,  mean  o.S^,  tim,).  It  ii  therefore  conceivable  that  the  income  may  luWrtinabi 
defiicient,  /.(.,  m  pregnancy.  It  i»  easily  increaswl  by  drinkinp;  millc.  Only  a  pail  of 
the  Ca  is  abwrbi-il.  FI>^^^er,  iSfts,  estimates  the  nbsorption  as  about  60  per  cent  It 
is  stated  that  its  Mti'i^alion  is  better  from  meats  than  from  vegetable*. 

Calcium  Excretion. — Thi^  is  automatically  adjusted  to  the  income;  but  tie  nilliflian 
quantity  required  lu  mainiain  equilibrium  varies  yrith  the  diet  (Kochmacn.  lote) 
About  5  to  10  per  lent.  {0.15  lo  0.5  Gm.  per  day)  are  excreted  by  the  urine,  mainly" 
phosphate;  the  remainder  leaves  by  the  feces.  It  is  belicvoH  CK.  \Viit.  iSSoi  tbaiapvt 
of  the  fecal  Ca  is  absorbed  by  the  small  intestines  and  re-excreted  by  the  large,  ne 
adminlBtratioa  of  soluble  Mg  salts  increases  the  urinary  excretion  of  Ca,  but  nd  f 
phospliates  are  present  in  the  alimentnr>'  ranal  (Harl  and  Stcenbock.  iqis).  ftTth 
hypodermic  injection  of  calcium,  a  larec  part  h  excreted  promptly  by  the  urine. aw*" 
proptirt f  1  m  hfcing  lempur.irily  retaJtied.  The  intestines  do  not  always  partidpate  is 
the  cxtrclion.     Tht  outpiu  oi  Mc  is  .ilso  increased  (Mendel  and  Benedict,  Ifloq). 

Calcium  Retention  and  Deficiency.— The  adrntnistration  of  Ca  (chlorid  or  lactitCj 
several  jcrams  per  day)  increases  (he  C-a  slack  ol  the  tiytues  and  blood,  r\-en  b  mO'lo* 
adults  (Voorhoeve.  tgii  and  1913).  .'Vn  exclusive  milk  diet  is  said  to  reduce  tbe  Cat' 
the  blood  to  une<half  (ITirschler  and  Terray,  1905). 

Calcttun  Administration  on  Urine. — Calcium  probably  diminishes  the 
permeability  of  the  kidney^,  and  therelore  diuresis.  The  effect  h  not  p««* 
with  ordinary  doses,  and  probably  varies  with  conditions,  e.g.,  the  ratio  of 
Ca  lo  other  ions.  The  acidity  of  the  urine  i>  dimmished  since  a  pan  of  tl* 
PO4  is  deflected  lo  the  intestines.  This  has  been  suggested  as  po«iWy 
beneficial  in  gout  (v.  Noorden,  1896),  but  the  results  arc  questionable. 

The  effect  of  Ca  on  diuresis  is  discussed  by  Porses  and  Pribram.  190S.  Pcrfnsioa '' 
the  excised  kidneys  with  Ca  decreases  the  vein  ana  ureter  flow  (Sollmann).  Tbees^ 
tion  of  Cl  is  but  uttle  affected  by  Ca  administ/alion.  Jacoby  and  Euner.  1013,  cIvd 
jwme  decrease  by  Cain  human  nephritis;  alftodecrcAse  ol  water.  CI.  KI  and  N  cicxtl*^ 
They  state  that  it  lessens  greatly  tbc  excretion  of  sugar,  acetone  and  N'  in  pUofbitf 
dogs.  It  is  said  to  prrvent  tlie  uric  acid  increase  after  atophao  idminu^tratioo  (AMr 
1913),  It  prevents  tne  glycosuria  and  fever  of  NaO  injections;  but  large  dotrs  aiCtl^ 
may  themselves  produce  glycosuria  (Underbill  and  Kleiner,  1908).  Wright  aad  Ro* 
190$,  claimed  tliat  Ca  cures  orthostatic,  but  not  ren.il  albuminuria.  Thu  would  H*" 
confirmation.  DUnncr.  1916.  states  that  intravenous  injection  uf  calcium  (tttotaWan 
converts  a  subacute  uranium  nephritis  into  the  acute  form.  Calcium  photDbnlc  1" 
been  recommended  in  diibeies  metlUus,  but  has  no  eticct  even  in  the  mineit  f*^ 
(Bruninf;,  1S98). 
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Calcium  in  Bone  Diseases.— Rachitis  and  osteomalacia  show  deficient 
Ca  conlenL  of  ihc  bone.  Somewhat  similar,  but  nol  strictly  analogous 
changes,  art:  produced  by  deficli-nt  Ca  income  in  young  animals.  This 
suggested  ihc  treatment  of  these  conditions  by  the  administration  of  lime 
salts,  particularly  calcium  phosphate.  The  resuhs  were  disappointing; 
doubtless  because  the  deficiency  is  not  in  the  income,  but  in  the  assimila- 
tion of  the  Ca  by  the  bone-forming  tissues. 

Calctam-poor  Diet. — If  young  unimaU  are  fed  on  such  a  diet,  thctr  bone  formation  is 
defective.  TSc  bonts  tnnlain  about  ihe  normal  pcrteniaRe  of  lime,  but  very  Utile  hnae 
u  Laid  down,  and  this  is  thin,  pliable,  deformed  and  fragile  (E.  Voit,  1889).  It  contains 
more  water,  Na  and  K.  while  Ihc  Mg  is  not  materially  incrcas^jd.  However,  the  pcr- 
centageTi  vary  in  diffprent  nart*  of  Ihe  sfce!eli>n.  The  animals  are  uncle riiized,  with  poor 
appetite  and  defective  nutrition  (W'^i'^cf-  t<>i4)-  1°  nilihits,  the  Ca  content  of  the  bones 
is  mcrciiserl  hy  green  food,  diminished  by  exirlusive  oal  diet  (Luilhlicn.  igia).  The. 
administration  of  sodium  oxalate  for  a  week  diminishes  the  Ca  content  of  the  soft 
tissues  before  it  affects  the  bones  (Sarvonal  ami  Roubicr.  igtr).  If  ihi^  diet  is  rich  in 
magnesium,  the  bones  may  accumulate  double  the  normal  Mr  content,  but  without 
improving  the  ^skeletal  development. 

Ruhitis. — In  thi^  di^a^e.  the  bane  i%  even  excessive,  hut  is  very  pnior  in  ash,  as.  lo« 
as  one-half  the  normal,  especially  poor  in  calcium  phosphate,  The  cause  of  this  condi- 
tion is  stilt  in  controversy.  U  can  not  be  due  to  deficiency  of  Ca  in  the  food,  for  it 
occurs  often  in  bottle-fed  infants,  who  receive  plenty  of  Ca  (^Stoelizner,  iSqq).  '/.vfti- 
fel,  igoo,  assumnJ  defective  abwirption  nf  Ca,  but  without  gnod  evidence.  In  fact,  the 
absorption  and  excretion  of  Ca  seem  about  normal  (Ruedel,  1893).  One  must  therefore 
assume  defective  as-^imilalion  by  the  btmes.  The  bone  chanKes  arc  probably  a  mere 
iocidental  phenomenon  of  the  constitutional  disturbance.  Pfaundler.  cgo^,  suRRests 
a  change  in  the  absorption  nf  Ca  salts  by  the  bone-matrix;  but  thii  is  h>-pothctical. 
Sabbalani  and  SalWoli,  iqii,  invcstif^tcd  the  precipitation  of  calcium  carbonate  tn 
the  presence  o(  ci>lloids. 

Thecauseofrachiti'ibeinj:;  deficient  a,sslmihition  and  not  deficient  income  of  Csi,  very 
little  coul<l  be  expected  from  the  administration  of  Ca  ^Its.  This  is  also  the  verdict 
of  clinical  experience  (M.  Kioti:.  15x5). 

Ostaomalacia, — In  this  disease,  the  bone  contains  but  30  to  40  per  cent,  instead  of 
the  normal  56  to  60  per  cent,  of  inorganic  salts,  their  place  being  taken  by  new  formed 
■rtleoid  tissue.  The  condition  is  also  not  »scribahlc  to  deficient  Ca  income,  but  to 
♦xcearive  destruction  of  bone  tissue.  Limbeck,  i8g4,  found  the  excretion  of  Ca, 
tsf»ecially  by  th<?  intestines,  to  exceed  thtr  income.  Neumann,  iftqfi,  also  found  the  ex- 
cretion high,  especially  in  the  early  stages,  when  the  Ca  of  the  bones  is  still  high.  The 
later  stages  may  show  retention. 

Moracxewskt,  1900,  claims  coiLsiderablc  loss  of  Ca  in  pernicious  anemia. 

Diabeirs. —Ksim  and  Kahn,  1915  and  1916,  find  that  dialx-tic  patients  have  » 
negative  calcium  balance.  They  claim  that  the  intravenous  injection  of  calcium,  in 
«liabctic  patients,  produces  marked  decrease  of  lilucose  excretio/i,  gnidual  decline  of  the 
ftlycemi-i,  diminishc<)  urine  output,  and  relief  nf  symptoms;  and  that  it  appears  in  pre- 
vent the  development  mI  acidosis.  They  inject  cautiously  an  m/S  solution  of  CaCl-, 
an  normal  saline,  from  i.s  c.c.  unward. 

Calchui  Therapy  hi  Phthisis. — This  was  recommended  by  Fourcro_j-,  17S3.  It  ha.* 
l)ern  tried  repeatedly,  on  the  assumptinti  that  phthisis  is  aLcompanied  by  excessive 
«.TCreuon  of  calcium.  This  has  been  athrmet]  by  some  competent  observers,  but  does 
liol  Hpncitr  to  be  an  invariable  phetiomrnnn,  (Kahn,  1914].  The  clinical  reports  are  too 
<iiscorrlant  to  justify  faith  in  this  treatment. 

Reproduction.— Emmerich  and  Lotw,  1015.  obserS'ed  that  administration  of  cakium 
to  female  mit:i-,  Kuinm  pigs  and  r.ibbit^  w;i-,  lulltjwed  by  increased  numtwr  of  pregnancies 
and  higher  average  of  the  feli. 

Degeocrative  Calcification. — This  is  a  common  pithologic  proces*.  especially  in 
connective  tissue.  Its  mechanism  is  not  underst»od.  Klotz,  1905,  believed  that  it 
starts  with  fatty  degeneration,  the  fuls  an<l  proteins  fttnning  s<j.ips,  and  these  passing 
ant"  Ca  soaps,  and  finally  into  inorganic  Ca  compounds.  KloLz  and  Bothwcll,  191 5, 
vlescribc  (atty  changes  and  deposition  of  calcium  salts,  cspetially  in  the  capiUary 
endothelium  of  the  lungs  of  rabbits  injected  intravenously  with  olive  oil  or  cholcstcrin. 
However,  this  theory  seems  disproved  by  the  experiments  of  Wells,  igo6.  and  cspccialty 
of  Baldauf,  1Q07.  MacCordirk,  igij,  finds  the  rigidity  of  calcified  arteries  dilTerent 
during  life  than  after  death,  and  therefore  sugge:3ts  that  the  Ca  is  in  sotutioD  during 
life,  and  deposits  in  the  pliiques  after  death. 
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Intravemous  Injection  of  Calchim  Salts. — This  lowers  the  blood  pressure;  paralvees 
the  lieart  and  respiration;  arrcKla  diuresis  and  peristalsis^,  etc.  Hypodermic  injectiow 
have  similar,  but  much  weaker  and  slower  actions.  Animals  die  of  central  pftnUviU 
a  (cw  days  after  ihc  hypodermic  injection  oi  0.3  to  0.4  Gm.  CaClj  per  kilogram-  Onl 
admiais^tratiun  dncs  not  produce  these  systemic  effects. 

Respiration  of  Mammals. — Schltck,  igii,  described  apparent  stimulation  id  aoev 
thetized  aninials.  lizHacT,  1913.  tinds  that  this  is  indirect,  due  to  failure  of  circulatka 
fntm  cardiac  depression.  The  direct  action  is  re»pirator>'  depression,  which  may  be 
the  cause  of  death. 

Perfused  Respiratory  Center  of  Frogs.— Thb  was  depressed  by  decrease  ol  C«» 
stimulated  by  absence  or  excess  of  Ca  tIIo«kft.  1913). 

CircuUtioii. — SmaLl  doses,  in t ravenously ,  sumclimcs  increase  the  blood  pressure  and 
heart  rate  slishtly,  by  brief  depression  of  the  vayi;  larger  doses  paralyse  tne  ^■■p.  but 
diminkh  the  ncart  rate  and  blood  pressure,  by  a  mixed  effect  on  the  cardiac  muscles 
and  nerves  (Cazsola,  191  j).  The  small  doses  may  considerably  increase  the  output  of 
the  heart  without  ch-inging  the  rate,  i^.,  by  increasing  the  amplitude  (Rolhberger  sad 
Wintcrbcrg,  191  2). 

Calcium  on  Heart  Muscle. — On  the  excised  heart,  Ca  has  a  mlrainins  action,  so* 
tagonislic  to  Xa  (ace  |>age  6.1S);  but  complete  absence  of  Ca  rapidly  abuUahes  rbythnbc 
cuntnicrilily.  Absence  of  Ca  al^o  removes  the  rhythmic  activity  of  other  striped  ami 
unstripc<l  muscle;  ajid  tliese  reappear  when  Ca  is  added  (BugUa.  iqii).  TIic  effects 
are  so  ra]>ici  as  tu  suKKfst  that  (hey  must  be  exerted  on  the  plasma  membrarw. 

Other  Earthy  Metals-^Ba,  Sr.  Ca  and  radium  emanations  act  identically  on  the 
isolatrd  froj?  heart,  the  activity  dccrcasinfi  from  barium  in  the  above  order.  Low  coo- 
ccntratinns  increase  the  dia-.tnl(r.  [o  diastolic  standstill.  Higher  concentratioas  in- 
crease the  systole  to  systolic  standstill  (Rionka.  1914). 

Strip«d  and  Smooth  Musde. — The  rhythmic  contractions,  which  are  f-tarted  in 
skeirliil  mujfU  ^vhen  immersed  in  NaCI  solution,  are  abolished  by  CB(Sidnev  Ringer, 
1883),  Calcium  als)]  has  a  cunire  ofiiim  (Joseph  and  Meltxer,  1911).  Excised  Wm- 
cAid/ miuc/e  is  constricted  by  Ca  or  Sr.  though  less  than  by  Ba  (Trendelenburg,  1911). 
Calcium  arrests  pituitary  asthma  (Kayser,  1914). 

Cardiac  Vagus. — The  presence  of  Ca  Is  ncccsaarj"  for  the  inhibitor>'  activity  of  the 
vaRUs  (Scliid,  Busquel  and  Pachon,  igoq);  but  a|Tj>aicnUy  not  for  muscarin  (0.  Lorwi. 
1412).  A  somewhat  smaller  concentration  of  Ca  suflices  in  the  pre>cn>~e  of  K  (Ha|;an 
and  Orraood,  1913).  A  moderate  decrease  of  Ca  increases  the  excitability  of  the  vagus; 
excess  of  Ca  diminishes  the  excitabilitv  (Cazznla,  1913;  see  .also  page  <>.w).     Sitnilar 

Fhenomorui  are  obser^-ed  with  the  pelvic  and  chorda  tympani  nrr\'e«  (O.  Loewi,  igi  3). 
nrrea-.c  <iF  Cn  aUo  restores  the  irritability  of  the  vagus  when  this  has  bcieo  depreased 
by  Mg  {Aucr  and  Meltzer.  looc)}. 

In  conqilete  heart-block  injections  of  calcium  Cor  barium)  produce  attacks  of  tem- 
porary arythmia  and  ventricular  tachycardia,  increasing  to  Abnllation.  These  attacks 
may  be  preceded  by  groups  of  powcrlul  and  rauid  beats.  The  auricles  arc  affected  ia 
the  *Ame  sensL-,  but  not  as  greatly.     The  blood  pressure  rises  (Van  Egmnnd,  igri)- 

Blood  Vessels. — Hooker.  1911,  found  that  Ca  perfusion  dilates  the  ves«eU  ci  the 
iftif,.  R.  Ci.  Pcarcc,  IQ13,  found  Ca  ncccs?iary  to  Ihc  vasoconstrictor  action  of  ept- 
nephrin  in  perfused  frogs;  cpincphrin  in  NaCI  producing  vasodilation.  Ca  iras  not 
necessary'  to  the  vaM'ular  efTcct^  of  curare,  er^ot  or  barium.  The  conditions  Mrm  to  be 
reversed  in  mammals,  for  Cow,  1911,  found  that  the  sensitiveness  of  arterial  rings  to 
epinepbrin  and  pituitary  was  increased  by  absence  of  Ca;  the  reaction  to  barium  was 
again    unaffected. 

Pupil. — .Auer  and  Meltzer.  1909,  observed  that  the  intravenous  injection  of  Ca  pro- 
duces a  maxima]  miosis,  in  which  the  pupil  is  irresponsive  to  s>'mpatnetic  stimulatJoiL 
The  simultaneous  exiiibition  of  other  drugs  shows  tntcmting  complex  phcooraesa. 
The  miotic  action  appears  to  be  due  mainly  to  direct  stimulation  of  the  sphioclcr 
muscle  bbcrs,  and  probably  also  of  their  ncr^'e-endings,  supported  by  lesMoed  ini-  t 
lability  of  the  pcHpncral  sympathetic  mechanism. 

Antagonism  of  Ca  and  Mg. — This  was  discussed  on  page  641.  It  should  be  rcmem-  —1 
bered  that  the  action*  of  Ca  are  cundiliane<i  on  the  ratio  of  other  ions.  Thus,  the  »- 
travenouR  injection  of  Ca  which  is  depressant  to  normal  .animals,  causes  recovery  of  'Bl 
an  animal  anesthetized  with  Mg.  Strontium  docs  not  have  this  effect  (Mdtacr,..^ 
igog).  J 

The  Nature  of  Calcitmi  Action  and  Antagoiiisin. — lliis  was  liiscuased  on  p«ce  t*}—  4 

Inactivation  of  Calcium. — Hie  Ca  in  the  iKxIy-Huids  and  presumably  in  the  t 
can  be  rendered  inactive  by  the  introduction  of  precipitant  anions,  such  as  the 
or  fluonds;  or  by  decreasing  its  ionization  with  citrates  or  tartrates  (Sabbatanl,  190) 
1903).    In  the  isolated  heart,  the  toxicity  is  greatest  for  dtratc,  then  oxalate. 
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tartrate  tSalant  and  Hecht,  1914).  In  either  case,  the  inactivation  produces  the  op- 
po^tc  effixts  frura  Ca,  viz.,  excessive  stlimulalion.  fODvuliioni>,  bypcrscnsitivcncss 
of  the  autonomic  nerves,  and  rhyliiinic  contractions.  Similar  effects  are  seen  in  inlonica- 
tions  by  acids,  .\s,  Hg  or  cblaratc&,  whicb  probably  all  diminish  the  Ca  content  (Chiari 
and  Froehlich,  igii}.  These  effects  may  oe  promptly  removed  by  the  additioa  o£  Ca 
and  leis  edicicnt^  by  Sr  and  Mg  CStarkenstcm,  1014.);  but  not  by  other  cathions  not 
even  by  those  {Ba.  etc.)  which  prt-cijMlate  the  oKulutc.  The  stimulation  is  therefore 
not  due  to  the  oxalate,  etc.,  as  such,  but  to  the  inactivation  of  the  Ca.  This  is  conlirnicd 
by  the  observation  that  cquimolccular  solutions  of  the  different  inactivators  have 
praclically  equivalent  cITecla  (Starkenstein). 

Salant  and  Hccht,  [Q14,  describe  some  obscrx-ations  which  they  consider  contradict 
this  explanation.  They  find  in  perfusion  of  the  isnlated  heart  that  calcium  cilratc  or 
tartrate  solutions  act  practically  the  samt;  as  equiniulcCular  calcium  chlurid,  Thisi, 
however,  need  only  mean  that  the  citrate,  when  already  bound  to  calcium,  does  not 
disturb  the  iuoizatian  of  the  calcium  in  the  li^^suvs. 

Use  of  Caldum  In  ConrulsloDS. — The  depressant  action  of  calcium  suggests  its  uit« 
in  strychnin  poisoning,  but  Fischer  (iga4)  found  it  ineffective,  ^anda  (iqo})  obtained 
better  results  by  dural  injection;  but  the  effective  dose  was  so  large  as  to  be  itself  tlanser- 
ous.  Januschke  and  Masjlow,  1014,  conclude  that  c\*cn  large  doses  of  calcium  have  no 
direct  inhibitory  effect  on  experimental  con\'ulMons,  whetner  cerebral,  medullary  or 
spinal.  The  apparently  successful  rc^i^ultn  of  Januschke,  iQii,  and  presumably  iho«e 
of  V'ogi,  I  (J  1 1,  and  other  workers,  are  at (ributcd  to  delayer!  nb>^rptiunof  the  hypodermic 
injections  of  the  convul^nui,  which  results  from  previous  calcium  treatment. 

Paradiyroid  Tetany. — \elter,  igo;-,  reported  success  from  calcium-chUmd  adminis- 
tration in  tcuny.  This  has  been  conftnncd  for  gastric  tetany  by  Kinmcull,  igog; 
and  for  parathyroid  tetany  by  W.  G.  MacCallum  and  Vnegtlin.  1908;  Carlson  and 
Jacobson,  iQio,  and  others.  MacCallumand  Voegtltn  believed  that  the  parath>Toids 
control  the  retention  of  Ca;  that  their  loss  resulted  in  a  diminished  Ca  content,  espe- 
cially of  the  br-iin;  and  that  the  adminiMlralion  of  Ca  replaced  this  deficiency.  How- 
ever, others  could  not  find  any  diminution  of  (he  Ca  (Cooke,  1910);  and  the  Ca  admim»> 
tratinn  probahty  act*  only  by  Ic^seninj;  the  nervmis  irritability. 

Manoe.  1914..  found  that  the  parathyroid  h>'perplasia,  which  is  produced  in  (owl  by 
a  diet  of  maize  and  wheal,  is  retarded  by  feeding  calcium,  accelerated  by  sulphuric  acid 
or  neutral  sulphur. 

Infantile  Tetany. — Haskins  and  CJcrstenbergcr,  1911,  found  it  ineffective,  but  Gocp- 
perl  claims  suppression  of  the  freaiirnt  con^-ulsions  by  calcium  chlorid.  S  to  14  flm. 
daily,  in  do««  of  1.5  to  3  Gm.  The  administration  must  be  continuous,  for  spasms 
reappear  if  it  h  discontinued  for  twelve  hours  (M.  Kloljc,  tots).  Grueiiif elder,  lor.t. 
reports  that  larynpospa&m  and  tetany  are  controlled  more  promptly  by  calcium  bro- 
mule  (2  Cm.  per  dayl  than  by  NaBr. 

Control  of  Infiammations  by  Calcium. — Ca  salts,  even  when  adminifr' 
lered  sysifmalically.  aizcm  to  lessen  the  inflammatory  phenomena,  espe- 
ciallv  the  tendency  In  effusion.  This  is  presumably  due  to  decreased  per- 
meability of  the  vessel  walls,  analogous  to  the  efTccts  uf  Ca  on  other  celh. 

Effect  of  Calcium  on  Effusions. — R.  Chian  and  Januschke,  iqio  and  iqii,  found 
that  the  hj-podcrmic  injection  of  Ca  prevents  the  pleural  effusion  which  ordinarily  oc- 
curs after  latal  do^cs  of  Nal,  diphtheria  toxin,  tliiosinamin,  etc.  It  also  prevented  the 
inflammatory  edema  of  the  conjunctiva  after  oil  of  mustard  or  abrin;  and  the  irritation 
of  the  skin  by  croton  oil  (Luitfalen,  x^ii).  It  has  been  found  similarly  useful  in  various 
skin  rashes.  Some  of  these  results  were  contradicted  by  Levy,  iqii  and  1914,  but  con- 
firmed by  Leo,  iqii.  The  effect  of  a  dose  lasts  about  a  day.  Fleisher,  lloyt  and  L. 
Loeb,  190Q,  also  found  that  CaClj.  intravenously,  decreases  the  elimination  of  Injected 
saUne  fluids,  nut  only  by  the  kidney5,  hut  to  a  fe^er  extent  also  by  the  intestines.  It 
also  causes  some  depression  of  intestinal  absorption.  On  the  other  hand,  it  increases 
the  tendency  to  periloiieid  and  pulmonary  transudation.  Tliis  is  only  partly  due  to 
inlcrferencc  with  the  kidney  function,  lor  the  ascitic  tendency  is  exaggerated  by  Ca 
even  after  laephreclomy.  Cakium  has  also  been  found  unsuccessful  in  clinical  serous 
effusions.  Vclden,  iqi  j,  suggests  that  it  lessens  the  absorption  of  the  a^tcs  more  t^ian 
its  formation. 

Machanism  of  the  Antiedemic  Action. — Luff,  ii>oQ>  attributed  the  effect  of  Ca  to 
increased  coagulability  of  the  blwid.  However,  Chiari  and  Januschke  found  it  effect- 
ive even  when  the  hlood  was  dept  nnncoagulable  by  hirudin.  They  suggest  that  the 
Ca  has  a  precipitant  effect  on  the  cement  substance  of  the  endothelium;  but  more  prob- 
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»bly,  [he  permeahitity  of  all  the  cells  b  decreased.     Delljen  (i^cn)  has  obwrved  tiiai 
small  traces  of  calcium,  strontium,  barium,  &od  magnesium  leswa  the  solvent  action  ot 
distilled  water  un  cells.     Hcrbst  fuuad  that  Ka-urchin  ovu  swell  when  Ca  is  removed* 
and  shrink  wh«n  it  is  added.     Osterhout,  iqei  and  igi  j,  showed  ihat  CaClj  prr%-cnts  tlxr 
entrance  of  NaCl  into  spirogyra  &la.ments.  and  that  it  rcndciv  the  plasma  memhnioe  o£ 
kelp  Ootimaria)  impermeable.     Pfeffer.   1877,  stated  that  Calcium  phosphate  fonn^ 
semipermeable  memorares.     These  have  been  investigated  in  further  detail  by  Met^_ 
igi5.     The  changes  in  the  appearance  of  tluorcsccin  in  the  anterior  chamber  oj  the  cye^- 
also  indicate  decreased  permeability  (G    Rosc.nnw,  igifi). 

Pha^ocyiMts  may  also  play  a  part.     H.  J.  Hamburger.  1910,  found  that  therapeutic 


quantities,  h>'nodcrniiralIy  or  hy  mouth,  increase  the  amelioid  movements  uf  the  leu 
cocytes,  and  therefore  chcmotaxis  and  phaf;ticyto»is.     On  the  other  hand,  fkeda,  igib 
rcporu  the  miKration  oi  lcucoc>tcs  from  inllamcd  frog's  rocwnlcr}-,  u  inhibited 
calcium  chloriii. 

Peripheral  Anesthetics  on  Inflammation. — Januschke.  1913,  6ods  that  the  inu»taK==d.j 
chemosis  can  also  be  checked  by  uU  druirs  which  paralyze  the  sensory  trigeminal  end  - 
ings;  and  this  independently  of  the  central  nervous  system. 

Use  of  Calcium  in  Skin  Rashes,  Catarrhs,  Etc.— Wright,  i8q6,  founcs 
that  the  administration  of  calcium  chlorid  tends  to  prevent  the  occurretic^ 
of  serum  rashes.  Netter,  1907,  also  found  it  useful  in  urticaria.  acut»  -*ic 
edema,  frost  bite,  and  pruritus.  Other  similar  conditions  relieved  b^  ^oy 
Ca  are  boils,  erythema,  lichen  planus,  hemoglobinuria,  etc.  (LufT,  igogX^-^V. 
hay  fever  and  iodid  coryza  (Chiari  and  Januschke,  191 1,  Emmerich  ant»  *-ti(1 
Loew,  1915);  asthma  (Kayser,  1912,  1914).  The  bcnelicial  results  ar*-^^^ -*« 
clinically  rather  unreliable,  but  have  been  repeatedly  confirmed,  prtnidc" 
that  the  Ca  is  given  in  adequate  doses  for  a  sufficient  time. 

Strong  !«tlution  of  CaClj  (10  per  cent.)  apjilied  In  the  scarifieil  skin,  raises  an  urticmK 
wheal  (PiIcIkt  and  SoUmAnn.  igi(>l. 

Effects  of  Various  Cooditions  on  Scin  Reacttoas.~Luithlen.  iQit  lo  igii,  itDd>i 
the  reaction  uf  the  skin  of  cats  lo  croton  <iil.  found  that  Ihis  may  be  modified  by 
and  oxalates;  by  different  diets  (suggesting  that  eczema  may  be  a  constitutional  e 
geration  of  Ilie  reaction  uf  the  »kin  to  normal  irritation);  and  by  the  tnjccUon  of  scru 
soluble  starch  and  even  mineral  colloids,  i.r.,  silica.     Strum  injirsiitni  have  been  ut    _ 
clinically  against  certain  skin  diseases  (.\.  Mayer  and  Linsrrl;  but  arc  only  ctfictcat  i.*" 
those  diseases  which  are  ba»ed  on  exudation  or  transudation. 

Calcium  on  Intestines. — Calcium  carbonate,  and  to  a  smaller  cxtm^^  "^ 
the  phosphate,  have  long  been  used  in  diarrhra.  Their  action  is  generally  M  M 
explained  as  antacid  and  protective,  but  it  is  possible  that  the  deprcssaorv  -* 
ion-aciion  comes  into  play. 


SoUne  Cathartics.— Chiari.  igio,  calls  attention  10  the  fact  that  all  the  ca< 
ions  arc  antUKonislJL'  to  L'a.  and  tUat  this  miiy  explain  their  ac-tiun.  at  least  partly.        ^ 

Excised  Intestine. — Vany<.ek,  1914.  stales  that  calcium  chlorid  stimulates  the  ctK  S 
mlar  nod  relaxes  the  longitudinal  muscle  of  cat's  intestine. 

Calcium  in  Hemorrhage. ^Ca  is  necessary  for  the  action  of  throml 
kinase  on  ihrombo^en  (orl'or  the  con  version  of  prothrombin  into  ihrombin- 
Howell,  1914)  and  hence  for  the  coagulation  of  the  blood.     It  has  thcrcfof  ^ 
been  thought  that  the  administration  of  Ca  would  be  useful  when  it  i.-» 
desired  to  increase  the  coagulability  of  the  blood,  as  in  persistent  hetnor"* 
rhages,  aneurism,  hemophilia,  purpura,  etc.     However,  the  normal  conten' 
of  Ca  in  the  blood  is  more  than  is  required  for  coagulation;  further  incr 
of  Ca  does  not  increase  the  coagulability.     The  addition  of  calcium  Ic 
hemophilic  blood  in  vitro  delays   rather  than  hastens  its  coagulatior^"*' 
(Hess.  1915).     Nor  has  it  been  shown  that  Ca  is  deficient  in  any  of  these^^^ 
conditions.    Hemophilia   is    not   related  lo  calcium  deficiency  or  aajr*"^ 
anomaly   of  calcium  metabolism.    Rather,  it  is  due  to  deficiency  oC^ 
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KOthrombin  (Howell,  1914),  fibrinogen  (Hess,  1914,  19x6),  or  throro- 
bokinast;  (Sahli,  1905).  Estimations  of  the  coagulation  time  after  admin- 
istraliun  of  Ca  have  given  contradictory  results,  due  partly  to  differences 
of  Lcchnic,  partly  lo  the  llmc  when  the  observations  were  made. 
The  expcrimenls  of  Velclen,  1913,  indicate  that  the  coagulability  is 
indeed  increased  for  a  short  time.  This  increase  is  also  produced  by 
equal  quantities  of  NaCl,  and  is  probably  due  to  a  local  action  on  the 
alimentary  canal.  It  does  not  last  beyond  twenty  or  thirty  minutes, 
^m  and  would  therefore  be  useless.  However,  since  the  administration  of 
^v  Ca  docs  no  harm,  its  use  may  be  pcrmissiljlc.  Any  benetits  in  purpura 
(Russel,  1907)  could  perhaps  be  explained  by  its  action  on  the  permea- 
bility of  the  vessels. 

^1        With  hirudin  plasma  the  coaf^ulation  is  further  delayed  fay  the  addition  of  caldum 

Clinical  Data. — Tlie  um  o(  C.\  in  heniaphiUa  was  started  by  WriRht,  iSqj,  who 
claimed  u  reduction  of  the  coagulnUon  lime  to  60  to  70  per  cent.  Coleman,  1907, 
found  no  effect  on  oral  ad  mints  tra  tin  n,  but  shortened  coagulation  lime  from  hypudrrmic 
iojcction.  Purely  negative  results  were  obtained  by  Robertson.  lElmcn  and  Duncan, 
1907;  Addis,  itjotj;  Rudolph,  igio;  Dale  und  LaJdlaw,  igia;  und  Hess.  1915.  In  ob- 
structive jaundice,  when  mood  coaj^ulation  is  delayed  by  cxcciut  of  faile  in  the  blnod, 
Lee  and  Vincent,  1915,  report  restoration  of  the  coagulability  by  caldum  lactate  (7 
Cmjwr  day). 

The  thcoric*.  of  hemophilia  are  reviewed  by  Hurwitz  and  LucaA,  igi6,  Kabn,  igi6, 
reports  fine  ^a^e  willi  ili-firii-nl  r:ilriiini  rtinti-nt  lA  I  he  blimil. 

Other  Substances  Increasing  the  Co^;ulability  iMf  the  Blood. — Gelatin,  emd  kcphaiin 
scrum  ate  discusv^-d  L-Ufwlit-rc  {m-v  Iiukx),  Veldcn,  igii,  also  fnund  Increased  coagu- 
labihty  alter  the  dipialis  proup,  supriij-onal  extract,  and  amyl  nitrite. 

Coagulation  of  MUk. — Ca  is  necessaCty  fur  the  precipitation  of  the  caseinogen  as 
casein. 

EUgor  Mortis.-^This  is  hastened  by  the  systemic  ad mini.sl ration  of  Ca,  delayed  bj- 
Mg  (Mflutr  itml  Aiit-r,  1(^27). 

Pblorbizin  Diabetes. — Jacoby  and  Roscnhloom,  rgi;.  stale  that  large  doses  of 
calcium  diminish  llie  t-xcrftinn  uf  sugar,  nilroRen  and  acclunr.  The  bWit  sugar  is  also 
lowered,  so  that  pre?tumably  the  production  of  su^r  is  diminished. 

Administration  for  Systemic  Action. — The  commonly  used  salts  are 
calcium  chloriH  and  lactate.  The  chlorid  serves  well  by  mouth,  but  for 
hj'podcrmic  injections,  the  less  irritant  lactate  should  be  preferred;  at 
least,  the  chlorid  should  not  be  used  in  concentrations  above  i  or  2  per 
cent,  or  there  will  be  indurations.  The  concentration  of  the  lactate  should 
not  exceed  5  per  cent,  since  stronger  solutions  solidify  (Hugenhollz, 
1915).  The  single  oral  dose  of  the  chlorid  is  0.5  to  1  Gm.,  8  to  15  gr., 
in  solution,  with  meals.  The  daily  dose  against  serum  rash  is  0.75  lo  i 
Gm.,  beginning  on  the  day  of  the  antitoxin  injection,  and  continuinR  for 
three  da\'s  after  the  last  injection  (Nelter,  1909).  Against  hay  fever,  hem- 
orrhage, etc.,  I  to  3  Gm.  arc  given  daily,  commencing  as  early  as  possible 
and  continuing  for  several  weeks.  This  continued  use  does  not  seem  to 
cause  harm  (Emmerich  and  Loew,  1913,  1915).  The  lactate  may  be  given 
in  double  this  dosage.  The  hypodermic  dose  of  the  lactate  is  0.5  to  2  Gm. 
in  20  lo  50  c.c.  of  water.  IfUravenous  injections  Irnve  been  employed  in 
spasmodic  conditions;  2  to  4  Gm.  of  the  chlorid  or  lactate  in  a  liter  of 
normal  saline,  injected  very  slowly. 
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PREPARATIONS — CALCIUM 

*CaIcii  Carbofuii   Prirti p^iiittns    (Gale.    Garb.    Pritt.}.    U.S.P-.   B.P.    (Precipitated 
Chalk),  CaCOi. — Fine  white  powder,  without  odor  or  taste.     Practically  tnsol.  In  water, 
decomposed  by  acids.     Dffse,  1  Gm.,  15  gr.,  U.S.F.,  as  powder.    This  will  neutralize 
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0.730  Cm.  absolute  HO.    Larger  doses  are  barmless.     Dose,  B.P.,  t  to  4  Gm.^  15  to  te 

"Crrto  Praparotc  {Crct.  Pnep),  U.S.P.,  B.P.;  Prepared  Chalk  (Drop  Chalk).— 
Native  Calcium  Carbonate  freed  from  mtttx  of  it.<^  impurities  hy  elulrialinn.  A  wuU 
to  itrayish-whitc,  very  tine,  amort)hous  powder,  often  fonned  into  conical  drops;  odortts 
and  tasteless.  .■Umost  insol.  in  water;  in«J.  in  ale.  Dotr,  i  Cm.,  15  gr.,  U.S.P.;  I 
to  4  (im.,  IS  to  Co  gr.,  B.F.     Used  extensively  in  tooth-powders. 

hiiil.  Cm..  U.S.P.,  B.P.;  Chalk  Mixture— The  average  dose.  15  cc,  4 
contains  about  3  (Im.  of  Comp.  Chalk  Powder  suspended  in  Cinnamon  Water,  U.S.P. 

3  per  cent,  of  chalk,  B.P.     />Pir,  15  c.c,  4  drams,  U.S.P.;  15  to  30  c.c,  t^  to  t  ounce 
B.P. 

Puh.  Cret.  Co.,  U.S.P.;  Compound  Chalk  Powder, — .V  mixture  of  30  per  cent,  of  Cre 
Pnep.;  30  per  cent,  of  Acacia;  50  per  cent,  of  Sugar.     Dose,  1  Gm.,  30  gr..  U.S.P. 

Pulv.  Cret.  Aram.,  B.P. — 35  per  cent,  of  Chalk;  50  per  cent,  of  Sugar;  with  Aroma 
Dcse,  0.6  to  4  Gm.,  10  to  60  gr.,  B.P. 

'Calrii  Chhnidnm  (Calc.  Clih.r.).  U.S. P.,  B.P.;  Calcium  Chlorid  (not  to  bcconf 
with  Chlorinalfd  Lime,  miscalled  "Chlorid  of  Lime"),  CaGj.— While,  translaccr 
hard  fraf;mriits,  ur  ^niiiuliir;  udorh^^s.  of  sharp  saline  taste.     Very  deliquescent, 
should  therefore  not  be  dispensed  in  powders,  but  as  solution.     I-'recIy  soL  in 
(t  :  1.2)  ol.so  in  ale.  (1  :  10).     I ncvm ptitibU  vt-ith  carbonates  phosphates  and  sulpha 
Ihit,  o.?  Gm,,  8  er.,  U.S.P.;  0,3  to  i  Gm.,  5  to  15  j;r,,  B.P.,  dtlutctl.  "■ 

Calcium  rhiond  occurs  with  var>-iiig  quantities  of  water.  The  content  of  ^'^^^c^ 
is  100  per  cent,  in  the  nnhydroiis,  about  75  per  cent,  in  the  fu.*ed,  and  ^o  per  cent.  in.  ■^Lfc* 
crystals.     The  U.S. P.  specifier  a  minimum  of  75  per  cent.     The  B.P.  is  dried  at  J9d>'^*-p 

'Oiicii  Liuias  (Caic.  Ucl.),  U.S.P.,  B.P  .  Ca(C  JI.O,)i  +  jH^.— White.  Krai^  v».lir 
masses  of  powder,  without  odor  or  taste.     Sol.  in  water  (i :  10).  but  ver>"  sUgblJi-      5»<ji 
in  ale.     Dfsr,  0,5  Gra.^  8  gr.,  U.S.P.;  0.6  to  2  Om.,  10  to  30  gr.,  B.P. 

Syr.  CiUc.  Laclophos.,  U.S. P.,  B.P. — 1.5  per  cent,  of  calcium  carbonate  rftasol-^^^ 
in  gynip  with  lactic  and  phosphoric  &cids,  U.S.P.;  7.5  per  cent,  of  Calc.  LacL  -wm  Jth 
phosphoric  acid,  B.P.;  orange-flower  flavor.     Dose,  10  cc,  aVj  dramii,  U.S.P.;    ^      la 

4  cc  S  to  [  dram,  B.P. 

Catcii  Phoiphas.  B.P.,  Cai(PO()t. — White  powder,  insoL  in  water,  sol.  in  •c^B.-«t* 
Dost,  0.3  to  I  Gm  ,  s  to  I  ^  gr.,  B.P. 

{*Uq,  Calc.,  Syr.  CaU.,  Co**.— Sec  Index). 


STRONTIUM 

This  cathion  resembles  calcium,  and  may  take  Us  place  in  some  erf  il 
characteristic  pharmacologic  reactions;  but  it  is  much  weaker  and  alsoie^^-  ^^1.] 
toxic.     Strontium  possesses  no  therapeutic  indication,     It  may  be  use(\»-'^  ^^' 
to  moderate  the  action  of  anions,  since  its  salts  must  be  decomposed  beforr  "^ --;iij 
the  anions  ran  be  absorbed,  hut  wilh  strontium  salicylate  at  least,  thi?-* 
moderation  is  insignificant  (Blankenhom,  1916). 

Like  Ca,  it  hastens  the  coagulation  of  blood  although  it  is  much  weaker  (BowdU-L 
IQ14).  This  action  is  not  shared  by  Da  or  Mg.  In  dilute  ftolulion^  only  ver>'  tmaV *' 
amounts  arc  ubiiorbed  from  the  stomach;  none  from  the  intestine,  since  it  is  converted ^-^^^jbm 
into  phosphates,  in  which  form  it  is  also  generally  deposited  in  the  bonc».  The  urine  ^^,^^pBC 
conlain^  only  Iracps  yf  slninttum.  even  if  it  is  given  Mibnitaiieously,  the  excretion  oc-  "^^^^ 
curring  mainly  by  the  inteiitine  (Wood,  iSgS].  Il  increases  the  elimination  of  aric  acid,  •"^^^i 
Its  admlnistrstion  to  young  animals  or  in  intrauterine  life  disturbs  the  bone  formaiK*. 
The  osteogrnetic  (issue  Is  stimulated,  hut  the  huncs  arc  imtierfecUy  calcified,  since  the 
Ca  is  deficient  and  the  Sr  is  deposited  very  imperfectly  (Lehncrdt,  tgoQ  mtkd  iQtll* 

PREPARATIONS 


Stromium  Bromid,  lodid.  urul  SaHcyUte  are  ofBdal.     Their  dost  is  that  oif 
corresponding  calcium  salts. 

StroHtii  LactM. — Soluble  in  4  parts  water.     I>ose,  1  to  8  Om.  (H  tA  *  dranut). 


OXALIC  ACm  AND   OXALATES 
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OXALIC  ACID  AND  OXALATES 

Oxalic  acid  and  the  oxalates  possess  a  sliong  acid  action,  resuUing  in 
local  irritation  and  corrosion.  In  addiUon,  they  produce  violent  stimula- 
tion, and  later  paralysis,  by  depriving  the  tissues  of  their  calcium  through 
precipitation.  These  actions  are  completely  antagonized  by  the  ad<lition 
of  Ca.  The  oxalates  have  some  toxicolDgicimporlance  but  no  therapeutic 
interest.  The  small  quantities  which  occur  ia  many  vegetables  (rhubarb, 
etc.)  are  ineffective. 

Lower  OrKwusms.— Oxalates  arc  tone  to  ■11  life  except  to  a.  few  lower  fungi  which 
do  not  contain  caldum.  They  are  toxic  to  most  plants,  but  certain  »pectes  contain 
soluble  oxalates.  In  ul^it  the  mikin  hiT^tuluijlc  changrs  urt^  M-en  in  the  p4_irtions  richest  in 
calcium — nucleus  and  chlorophyll  (O.  Locw,  igia).    Oxalic  add  is  jjrobably  a  constant 

Eroduct  of  mctabulism,  and  possibly  one  of  the  tunctioas  of  calcium  is  to  render  it 
armless. 

Actions  on  Peripheral  Autonomic  Nervous  System. — The  oxalates  act  like  depriva- 
tion of  ("a;  i.e.,  they  increase  the  sensitiveness  to  cpincphrin  and  pilocajpin;  but  they 
diminish  the  cxcilaliility  to  electric  vagus  stimulaliun  [Chian  and  Froehlich,  191  [)• 

Skeletal  Muscle. — If  dilute  solutions  of  ox.tl.iles  .ire  applie<l  directly  to  skeletal 
muscle,  ihey  cause  rhythmic  contractions.  Lessening  the  proportion  of  Ca  by  any 
other  means  has  the  same  i-ffect.  I.arj;cr  dos**  of  oxalates  depress  the  excitability  and 
force  oi  the  skeletal  and  curdinc  muscles. 

Frog's  Heart. ^Injections  of  'nalales  prrn]ucc  slowing  nnd  wrakcninK;  with  slroneer 
concentrations  nrnmpt  diastolic  arrest,  first  of  the  ventricle,  thrn  of  the  auricles.  This 
can  be  reranvca  completely  by  rinsing  with  Ca  solution  (Januschke,  igo^).  Washing 
with  XaCl  alone  iiive*  much  poorer  recovery  (tiros,  1013).  Simitar  cflccts  are  seen  with 
perfused  mammalian  hearts  (Salant  and  Hechl,  igis). 

Intact  Frogs. — These  show  progressive  and  descending  loss  of  reflexes;  Sbrillary 
twitchiogs;  cetitral  paralysis;  tinally  cardiac  arrest.  This  h  also  promptly  removed 
by  Ca  and  Sr- 

Intravenous  Injections  in  Mammals. — The  oxalates  affect  first  the  central  nervous 
system  in  its  whole  extent,  from  mental  functions  to  rcflt-xcs.  producing  at  lirstsltmula- 
lion.  with  convulsions,  and  then  {raralyus,  the  latter  hdng  tlic  more  conspicuous  with 
Urge  doiics. 

The  me<lullary  centers  are  especially  affected.  In  consequence  of  the  mphyxia 
produced  in  this  manner  they  cause  glycosuria,  and  possibly  through  the  same  cau«e 
indicanuria.  The  temperature  rises.  Dralh  occurs  from  respiratory  paralysis,  except- 
ing when  the  poison  is  injected  directly  into  the  circulation,  in  which  case  it  may  paralyzs 
the  cardiac  muscle  (slowed  heart  and  fall  uf  blood  pressure,  v  VietinghwIT-Sthcet, 
1901;  Stnrkenstein.  1014)-  In  rrcist'd  tnlfslittei,  the  caldum  precipitants  increase  tha 
lone  and  the  pendulum  movements  (Starkenstcin). 

Oxalates,  injcetcd  with  Mc,  increase  the  anesthetic  eiTect,  presumably  by  inactivat- 
ing the  antagonistic  Ca  (Gates  and  Mcltzcr,  1914). 

Oxalate  Poisoning. — When  ta.keii  by  mouth,  the  oxalates  are  rradUy 
obsorht-d,  and  pui:k>ning  Is  not  at  all  infrequent  from  confusion  with  other 
salts. 

The  symptoms  arc:  first,  those  of  a  local  caustic,  especially  when  the 
acid  was  used;  then  those  of  collapse,  the  latter  possibly  preceded  by  con- 
^yulsions.    The  pulse  is  very  small  and  weak. 

^  De^h  by  oxalic  add  and  oxalates  usually  occurs  vcr}.*  rapidly,  much  more  quickly 
Qtan  by  other  caustic  substances.  This  is  of  diit^nostic  importance.  (In  one  case 
death  took  place  in  ten  minutes.}  Sometimes  fatal  collapse  may  occur  after  hours  of 
rdotively  sligbt  syrajitoms  tO.  H.  lirnwn  onci  Scott,  igw).  (A  study  of  seventeen 
human  cases  of  oxalic  acid  poisoning  )•.  reported  by  Wichem,  191  s.)  The  fatal  dtise 
varies  with  the  concentration.  The  smallest  recorded  amount  is  5  Cm.  MeinboUim 
k  markedly  depressed  in  oxalate  poisoning,  especially  Ihc  production  of  carbonic  acid. 
The  respiratory  quotient  falls  (Corley,  190J).  The  urines  in  Wichcm's  ca.ses  were 
scanty,  with  t^ace^  of  albumin,  and  rarely  calcium  oxalate  crystals.  Polyuria  dc- 
vdixwd  later,     ilemorrhagic  nephritis  was  not  obscr\'cd, 

PiUe  and  Excrrlion. — Oxalates  arc  vcr)-  res-istant  to  oxidation  in  the  animal  body. 
Indeed,  there  has  been  some  question  whether  any  is  burned;  but  it  seemscerlain  that  & 
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limited  amount  is  oxidixcd.  The  excretion  (9a  lo  9SJ>cr  cent-  after  hj-podennic  iaj^s^s. 
lions)  occun  almutit  cumnletely  by  the  kidneys.  The  fre^h  urin«  cooUin^  m*iVfc\^ 
ozaluric  add,  CO  NIICONHj,  but  on  standing,  thi^  decomposes  intu  um  snd  oB^kV£< 

I 

coon 

add;  uhI  this  form<t  caldum  oxalate.     Thit;  is  almost  insoluble  and  occun  asenvt 

sha(>cd cry-ilal;.,  whicli  arcdiagnosticofoxalatepoifconing.     The cryslala fna.y be excre 

in  such  ?reat  amounLs  as  to  block  the  urinary  tubulw.  and  may  thereby  fHwaiiUy  T 

to  nebhritis,  or  retention  of  urire  and  uremia.     Caldum  oialate.  In  md-«haped  cry?l  _ 

may  he  Tnund  in  all  the  organs,  but  it  may  be  absent  from  these  in  vcrj-  acute  pouosft^^^ 

(.Man*t.  i88s). 

Trcalment  of  Oxatate  Poisoning. — The  chemic  antidote  would  be 
cium  in  any  shape,  calcium  chlorid  and  lactate,  chalk,  lime-water,  ^=  ^c. 
(Uuscmann).  Liberal  quantities  of  water  should  be  given  to  prevent  ^_  Jjf 
deposition  of  crystals  in  the  kidne\-s.  Calcium  lactate  could  also  be  gi'^^^rn 
by  vein;  magnesium  sulphate  as  cathartic;  digiuHs  and  strychnin  ag&«jKZBst 
collapse. 

PRF.PARATIfJNR — OXALATES 

Acidum  Oxdiirum,  CiO«IIi. —  Colorte^*  crystal*,  eadly  sol.  in  water. 
Acid  Potassium  Oxalate.  KHCtO*.    "Salt  of  Sorrd  " 


FLUORID  ION 


Sodium  fluorid  Is  a  general  protoplasmic  poison.     It  has  a  slrc^^J* 
iotai  irritant  a<-tton.  a  2  per  cent,  solution  being  corrosive  to  mucous  m« 
branes.     The  syste*nic  action  resembles  that  of  the  oxalates  and  is  probafc^^'V 
produced  in  the  same  manner,  by  the  formation  of  insoluble  calciumsali 

In  the  Jrog,  it  produces  fibrillary  contraction  of  the  muKlcit.    These  disappear  ^^ 
section  nf  the  nerve-     larger  dase&  produce  rigor.     The  systeraic  effects  are  dys 
loss  of  reflexes,  stoppase  of  respiration,  cardiac  standi^titl.    In  mammitls  it  cauies  1 
lion,  gaslnjenteritis,  dyspnea,  muscular  weakne**  and  tremors,  epileptic  con%ii  _ 

fall  of  arterial  nre&^urc.  and  stoppage  of  respiration  and  heart.     Rigor  seu  in  nirtrH>^^j.-— 
The  abdominal  organs  arc  congested.     The  intestiiiul  epithelium    is  destroyea  (vn0^^Z^ 
when  the  poison  U  introduced  by  other  channels),  while  the  cilia  of  the  reunratar|^^^^ 
epithelium  may  still  be  moving  (Siegfried,  1901).     Small  doses  poison  the  btooo  vcswb'^*^      j 
firil  incrcasitiK  thrir  pcrnicahilily  (.■Vsher,  iqio). 

Continued  administratiDii  of  .^mall  doMs  (1  to  3  mg.  per  kilogram^  produced  cunuU- 
tive  effects:  Increased  coagulability  of  blood,  tendency  In  venous  thiomboti^;  irritatiti 
of  bone  marrow;  and  loss  of  CI  and  Ca  from  the  bones.     Kvcn  dilute  sotutioQi  irriut 
tnuciius  memhranes  (Srhwy?.er,  tgt^i 

Deposition  in  Bone  and  Normal  Occurrence. — When  fluorids  are  Riven  in 
aml>uI1t^,  gn-ally  tJiluk'd.  they  arc  aljsurbed  and  depositrd  for  the  most  part  im 
bonrs  ('I'appeiner  and  Brandi).     The  bones  become  unuf>ually  hard,  white,  and  hriiTle,.^  ' 
and  contain  small  crystals,  pre^umubly  Cai-'i.     A  small  amount  of  the  latter  is  normally'^ 
contained  in  the  bones  ana  teeth  (Ciabriel,  iSq^i;  but  the  preceniaKe  (o-oi  to  005)^ 
15  V)  small  that  it  can  not  be  rcfcurdvd  as  e&wntiul  ( Jodlbnuer.  iQot ).     Still  iimaUcr  quan-  -  ' 
titles  are  found  in  the  epidermis,  hair,  thymus,  te^tcy,  blood,  milk,  etc.  (Gauticr  aodt^' 
Clausmann.   igij).     Zdarek,   iqio,  found  it  present  in  the  entire  human  iKwly.  hut^ 
relatively  richest  in  the  liver,  kidneys  and  boncj.      In  the  latter,  half  of  the  flaoda  i^ 
in  thdr  fat. 

Antiseptic  Action. — The  fluorids  are  quite  markedly  amiistptic.     In  the  pr  , 
of  I :  }oo  they  prevent  completely  the  development  of  MU'teria,  and  arc  sometimes  u«il 
for  this  purpose.     They  have  no  important  therapeutic  application,  and  small  ton-^ 
colonic  importamiv 

AJDunonium  Bifluorid  in  Dentixtrjr. — This  was  introduced  by  J.  Head,  1913,  for 
Ireaiuicnt  of  pyorrhea  uUTolaris      lie  uses  a   ij  per  tent-  wlution,  iojecteo  aact 
twice  weekly  around  the  loo*c  teeth.     It  is  antiseptic  and  disintegrates  the  "tartar. 

Hydrofluoric  Add  ts  a  very  violent  volatile  caustic.     Tbe  burnt  lappurslc. 
heal  very  slowly. 


Hlii  Fluoridum  {Sodium  fluorid),  XftF. — Soluble  in  J5  pans  o(  water.  Used 
tally  Rs  nniiseptic.  For  dressings.  0.5  lo  10  ;  1,000;  iniecUons,  0.35  to  t :  t.ooo; 
•.t  fermeniativm  in  Tood,  to  to  15  mg.  per  liter.  0.35  Gm.  hnvt  produced  dangcr- 
nuptoms  in  man. 


BARIUM 

Tblikc  the  other  elements  of  its  group,  Ca  and  Sr,  this  element  is  very 
,  Its  effects  resemble  those  of  the  digitalis  group:  It  produces  a 
ar  action  on  the  cardiac  muscle;  a  strong  vasocunstricliun  by  direct 
Illation  of  the  arterial  muscle  (occurring  therefore  after  apocodein, 
n,  1903);  v-iolent  stimulation  of  peristalsis,  even  on  intravenous  in- 
)n;  and  a  stimulation  and  later  paralysis  of  the  central  ner\'ous  system. 
so  produces  local  irritation,  and  is  inimical  to  the  lower  forms  of  life, 
as  yea.>it  cells. 

liese  actions  arc  not  utilized  Lherapeuttcally  (except  in  veterinary 
lice)  on  account  of  the  toxicity.  The  excretion  of  barium  occurs 
ly  by  the  feces,  as  with  Ca  and  Sr. 

ts  local  action  results  in  gastroenteritis  and  some  dcgrc*c  of  corrosion, 
fairly  large  absorption.  It  may,  therefore,  produce  its  syste/nic 
ns  even  when  given  by  the  mouth.  Poisoning  is  treated  by  sulphate* 
evacuation. 

icretion. — The  main  channel  is  by  the  intestine,  only  tmccs  appearing  in  the  urtne 
after  parenteral  ad  mi  ni<>t  ration  (G.  \l.  Meyer,  19OQ).  A  small  amount  may  be 
ited  in  the  bones.  Barium  lesjicns  the  chminatioa  of  uric  and  (Abt,  1913). 
trdiac  Action. — Ba.  like  digitalis,  IncresiTtrs  the  exciuhilily  of  the  cirdiac  muscle, 
he  force  of  ihc  contractions  (Wertheimcr  and  Iloulcl,  igti)-  The  rate  is  slowed, 
after  atropin,  !io  that  this  effect  u>  muscular  (Fillipi).  Intracardiac  application 
i  systolic  arrest;  dilute  solutions,  or  exocardiar  applicntiun,  produce  diastolic  ar- 
just  as  docs  dtfitalis  (Poulsson,  1910;  Werschinin,  191 1;  ^^eyland,  1913).  The 
»  in  complete  beart-block  are  similar  to  tht)«e  o!  cslcium  (van  K);mond,  iQt  t), 

Huacle. — The  high  rise  of  blood  pre&sure  under  barium  it,  due  mainly  to 
iclion.  The  tlTect  a  directly  on  the  arterial  muM'k*,  and  involves  all  arteries, 
;oi  their  innervation  (Dixon  and  Halliburton,  1010;  Cow,  iqi  i)-  This  might 
tt  its  u&e  in  pulmonar)'  hemorrhage;  the  lung  vessels  beinj;  strongly  constricted 
ir  and  Pick,  1013;  Berean,  IQ14).  Ilowcver.  the  increase  of  the  general  blood 
ire  more  than  oSscti  the  local  constriction,  m  that  the  bleeding  becomes  more  pro- 
'E.  Frey,  iqoq).  The  Hver  veins  are  constrictcil  in  the  guinea  pig.  not  in  the 
Berczin,  1914). 

tmchial  Muscle. — This  is  also  constricted  (Trendelenburg,  19H;  Titone,  1913; 
:  and  I'ick,  1913). 

ill-bladder. — Trie  is«>lale<l  orxan  is  constrLcteil  (T-ieb  and  McWhortcr,  3915). 
rwl's  Mtiscle. — Injection  of  HaCIt  produces  only  an  increase  of  muscular  tonus  in 
>rmal  leg,  but  after  denerv.-itir)n,  it  i-auM:^a  strong  conlrariion.  The  degenerating 
e  haA  therefore  become  more  bUM-eptiblc  10  Ba.  \  similar  result  can,  be  ucured 
fliminary  injection  of  nicutin.  Curare  docs  not  influence  this  contraction;  iodicat- 
tat  Ba  acts  more  peripherally  than  curare,  nicotin  or  physostigmln. 
lenpeutlc  Uses. —  Barium  chlorid  (ao3  (im.,  .4  gr..  well  diluted)  hati  been  tried 
ubslitutc  (or  digitalis  (Pcsci,  1904).  Il  is  therapeutically  inferior;/!.,  by  produc- 
larked  coronary  v.-isocnn<ttriction.  The  maximal  daily  dose  is  0.6  (im.,  9  gr.: 
lis  is  dangcrou;;  (Reports  Counc.  Pharm.  Chem..  1911 :  54).  It  has  also  been  tnecf 
ious  nervou'^  disturbances;  and  externully,  io]>ercent.  dilution,  as  a  wash  in  scrofu- 
tye  affections.  In  veterinary  medicine,  it  has  been  used  for  acute  l>inpaDitea 
oostipation,  but  even  there  it  was  found  loo  dangemus. 

mptoau  of  Barium  Poisoning. — Theu  consist  in  vomiting,  colic,  violent  diarrhea; 
Jjiive  tremors;  slow  hard  pulse  and  high  bhxMJ  pressure;  hemorrhages  into  the 
kch.  intcstinf^  and  kidneys.  Death  occurs  after  a  few  hours  or  ^ys.  The 
ilosG  is  probably  0.8  to  0.0  (rm.  Barium  carbonate  is  also  toxic,  but  much  slower 
action.  Crawford,  190ft,  attributefi  "Loco  poi<<^aning"  to  the  Ha  contained  in 
Western  plants.     This  could  not  be  conrurmed  (Alsberg,  Black  and  Marsh,  lot)}. 
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X-ray  DUgnosis. — The  insoluble  TlaSOi  is  usoci  in  ir-ray  diagnosis.    It  b  tastdcm^ 

inexpensive,  and  docs  not  delay  the  gastric  movements,  as  docs  Bismuth.     If  pure^ 
lOo  [i>  150  i'tm.  (boiled  with  iwu  und  une-half  to  &vc  times  its  weight  of  corn-meal,  RtwS> 
flavored  with  cocnul  may  be  ^ivcn  u-ithnul  any  bad  rcMilU;  hut  it  is  essential  that  tt- 
should  not  be  contaminntcd  with  soluble  barium  compounds  (Gueotfacr  and  Bacbem, 
iQii;  Merck's  Report,  37:43). 


BROMIDS 

General  Statement. — Fairly  targe  doses  depress  the  psychic  funcdoos^ 
and  the  reflexes;  leading  to  a  condition  of  mental  dulness  and  apathy, 
which  conduces  to  sleep,  particularly  in  nervous  insomnia.     The  bromids 
are  also  employed  against  other  nervous  hyperexcitabilities,   hysteria, 
hyperemesis,  cinchonism,  etc.    Their  anticonvulsant  action  is  utilized  es- 
pecially against  epilepsy.    They  generally  suppress  or  mitigate  the  con\'ul — 
sions,  at  least  in  the  idiopathic  form;  but  thej-  seldom,  if  ever.  cure.    Thc^- 
cffect  occurs  only  slowly,  and  is  correspond mgly  tasting.     The  adminis- 
tration must  be  fairly  continuous.     The  action  seems  to  be  due  to  the  Br 
ion  aA  such.     It  is  produced  by  all  the  bromids,  and  to  a  less  degree  by  the 
organic  bromin  compounds.     Nalir  is  generally  preferred.     The  mechan- 
ism is  nol  explained.     The  excretion  of  Br  in  analogous  to  that  of  CI.     A 
part  is  retained  very  persistently.     The  elimination  is  hastened  by   CI 
administration;  and  conversely,  the  Br  effect  is  increased  by  Cl-ptmr  diet. 

Continued  administration  of  large  doses  often  results  in  bromid  acne, 
and  other  symptoms  analogous  to  iodism.  There  may  also  be  consider- 
able psychic  depression,  malnutrition  and  lowered  resistance.  These  may 
contraindicate  the  use  in  neuraslJienic  patients,  etc.  Acute  bromid  ]»oi&- 
oning  is  rare,  occurring  only  after  enormous  doses.  Ordinary  doses  iutve 
no  efTecl  on  the  circulation. 

Absorption. — The  brornids  are  rapidly  iibwrbed  from  mucous  merabr&ncs.  It  w«5 
bdicveil  that  calcium  hrumtd  u  absorbed  more  slowly;  but  Kales  and  i-'i^mafl,  190A, 
found  it  excreted  u(  abuut  the  'suine  rule  as  NaUr.  In  Ugatcd  iHlcitinal  seementt.  the 
abforplion  of  bromids  is  not  dciayw!  by  ihc  presence  of  chlorids;  but  bromid  sootcvhat 
delays  cblurid  absorption.  The  lower  segments  of  the  small  intestine  an  said  to  abiorb 
broDiid  l»utter  than  the  upper  (Rolcar,  iqio). 

Channels  of  Excretion. — The  excretion  occurs  as  bromid,  mainly  bv  the  urine. 
Smnll  quaiilitirs  .in-  «ls<i  climin.'iti^d  by  ihe  feces,  sweat  (Tocbau,  tqjt)  aoo  Qtbct  »e».n> 
tions;  sometimes  in  the  ccrcbro-spinai  fluid  (H.iJd,  1911). 

Course  of  DTriDary  Excretion. — Thih  iitarts  promplly  but  proceeds  atowljr* /.i.,  in  one 
to  one  and  one-half  days  only  one-tenth  may  be  excreted;  and  traces  are  fouiud  after 
twenty  days.  The  rate  is  only  ball  or  less  than  with  itKlidv  [Ht-releld  and  (jonnidor. 
191  j).  It  depends  Homi-what  on  diuresis,  but  only  imiwrfccily  (Halm  and  FiUunaa, 
1908).  The  quantity  excreted  is  proportional  to  that  adminbtercd.  but  alwuys  with 
considerable  retention.  With  continued  use,  the  percenLsKe  excreted  increase*  until 
it  equals  the  inKcstion.  constituting  equilibrium  or  saturation  for  that  dose.  When  the 
administration  i:i  stopped,  the  excretion  diminishes;  at  first  rapidly,  then  more  slowly. 
so  that  irjurs  niiiy  be  prrwnt  tor  a  niuntli  or  longer.  Tbc  excretion  follows  the  sunt 
laws  in  epilepsy  a?  in  normal  indiWduaU  (v.  WA-ss,  IQ06}. 

Influence  oi  Chlorids. — Chlorid  administration  haptens  the  elimination  of  both  Br 
and  I  (Ucrzfcid  and  Honnidor,  iqii;  Wn'ss  1913);  while  Q-poor  (ooda  Udw  the  excre- 
tion (Honda,  1901;  Sarvonat  and  Crcmien.  Ton).  Conversely,  the  adtmni&tntion  vi 
bromidft  increases  the  elimination  of  CI  (Wolf  .ind  Opr>,  ipi  j;  Wn-s^.  iyi.O.  Io«lld  aho 
displaces  Bt  and  CI.  Boennigcr,  1007,  claims  that  Drumid  adminJ«trmtion  may  Mve 
animals  from  chlorid  starvation,  and  replace  the  CI  of  the  scrum  completeljr.  Th3i»  h 
doubtful. 

Bramida  on  Diuresis.— This  is  increiued  by  salt  action  (WoU  and  Opp.  ton)- 

Bromids  in  Uranhun  Edema.— Uranium  animaU  become  distinctly  lc«s  edciidc 

Mi  bromids  are  administered.     These  ciiusc  a  gr 
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high  tis  normal;  and  the  unoe  contains  a  part'of  the  Br.  The  body  therefore  Ioms  both 
water  and  iall  (Leva,  I9t2)>     Thi&  explains  the  effect. 

Bromids  on  Metsboti^si. — The  actJuns  are  not  important.  Chittenden,  ■fU$4, 
claimed  slight  increase  of  N  and  decrease  of  I'Ot  excretion.  JappelU,  ipt:  and  191J, 
linds  little  eJlect  on  the  total  N  or  P;  but  diminution  of  the  uric  aod  and  incrt^ise  of  the 
purin  baae!^  He  considers  that  this  h  due  to  an  inhibilnry  action  onfcrmtnts,  analogous 
to  the  bromid  effect  on  pepsin  (Chittenden)  and  oxidase  (Senter).  The  claim  that 
bromid  increases  the  eliramation  of  phnsphales  needs  confirmation. 

Reteatioii  of  Bromid. — 'The  retained  Br  is  distributed  similarly  (o  the  normal  Q, 
which  it  p.irtly  replaces  in  the  hlmiil,  SJ^tric  Juice,  etc.  {\encki  and  Simonowski,  1893; 
EUioKer  and  KoLake,  1911).  Apparently,  the  tissues  and  kidneys  do  not  dllfcrcntiate 
sharply  between  the  two  innit  (L.  Frey,  iqio).  The  replacement  of  more  than  40  per 
cent,  of  the  C'l  of  thv  bluiHl  by  Br  is  said  to  be  generally  fatal  (Bemuulli,  i<)i3}. 

Distributioa  in  Different  Organs. — This  has  been  studied  especially  by  Wyss,  igo6. 
He  found  the  larRest  quantity  in  the  blood.  Even  after  long  administration,  the  brain 
contained  a  relatively  small  proportion.  In  an  epileptic  patient,  the  percentage  In 
the  brain  was  0.06;  in  the  bloo<l,  0.14.  The  quantity  in  the  whole  brain  figures  about 
I  Gm.  Kliinger  .ind  Kotake,  1911,  found  the  distribution  proptirt)ijn.il  to  the  norma) 
richness  in  Ct.  The  distribution  after  therapeutic  administration  is  descritxid  by  Camot 
and  Coirre,  10 14. 

Condition  in  Blood.— The  Br  occurs  almost  exdimvdy  in  the  scrum  (Wyss).  How- 
e%xr,  Buennii^er,  i()oo.  states  that  the  corpuscles  are  permeable  to  Brand  CI  in  buth  direc- 
tions; that  a  Br  solution  may  displace  all  but  traces  of  Ct  from  the  corpuscles;  and 
that  the  Br  in  turn  can  be  replaced  by  CI. 

Absence  from  Normal  Tissues. — Baldi  chimed  the  presence  of  Br  in  normal  thyroid; 
but  this  was  nut  cotiftrmcd  by  Roo!^,  1.84^8,  Pribram,  1906,  also  found  absence  of  notable 
quantities  in  the  thyroid  and  other  human  organs. 

Relative  Retention  of  Organic  and  InorganJc  Br. — The  organic  Ur  compounds  are 
apparently  retained  somewluit  more  elTictentlv  than  the  inorganic.  This  has  been  dted 
as  s  proof  of  superiority;  but  it  is  doubtful  wtielhcr  the  retained  Br  is  the  hearer  of  the 
therapeutic  action  (Magnus-Alslehen.  it>iO.  Sahrfmin  was  relaine<l  relatively  more 
in  the  adipo«c  tissues,  but  not  in  the  brain  (Ktlingcr).  Hromipin  was  eliminated  by  tbe 
urine,  partly  in  ur>;anic  comLinatiun,  but  mainly  as  inorganic  bromid  (Bcrmann,  lyio). 
ile  ba.4  also  studied  the  fate  of  other  organic  Be  compounds.  The  lipoid-snluhlc  hrt>- 
murol  passes  at  tirst  mainly  into  the  nervous  system;  but  it  ii  rapidly  decomposed  into  a 
water-soluble  form,  presumably  bromid;  which  then  follows  the  course  of  Uic  ordinary 
brumid»  (Takeda,  igii). 

Historica].— Bromids  were  lir^t  trie<l  as  substitutes  fur  itMlidn.  This  was  unsuccess- 
ful, but  led  to  the  observation  of  their  sedative  action.  Their  use  in  epilepsy  is  said  to 
date  from  Locock,  1853;  as  hypnotic,  from  Behrend.  1(164.     The  older  literature  is 

rewed  by  Krosz,  1870. 
Sedative  ActioQ  in  Man. — Doses  of  i  to  2  Gm.  of  bromids  have  no 
lOticeable  action  on  normal  individuals.  Above  4  Gm.,  dt.'prc5s.ion  and 
lecrea**  of  reilexes  become  apparent.  The  effects  are  rather  different 
rem  those  of  the  ordinarj*  hj-pnoiics.  They  consist  in  a  condition  of  las- 
.itude^  lack  of  attention  and  thought,  which  inclines  toward  sleep.  Per- 
reption,  obser\'ation,  and  motor  reactions  may  be  normal.  With  the 
mailer  doses  the  subject  awakens  refreshed;  but  with  larger  doses,  the 
•sychic  depression  persists.  Still  larger  doses  (10  to  15  Gm.)  cause, 
tesides  some  nausea,  considerable  apathy  and  confusion  of  speech,  but  not 
lecp  (Binz).  These  doses  also  lower  the  reflexes  from  the  skin  and  mu- 
cus membranes;  so  that  irritation  of  the  fauces  does  not  produce  retching 
K-Tosz,  1876).  This  was  utilized,  before  the  introduction  of  local  anesthet- 
cs,  for  examinations  of  the  throat,  etc. 

Use  as  Hypnotic — Bromids  do  not  enforce  sleep,  but  act  rather  by 
permitting  sleep  through  the  ctimination  of  excessive  worry,  etc.  They 
are  mure  efficient  inquietingpathologicexcitab)lity;andof  ne  value  against 
pain.  The  do.se  should  he  2  Gm.  or  more,  one  to  two  hours  before  retiring. 
fflie  bromids  may  l>e  usefully  combined  or  alternated  with  the  more  power- 
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ful  aliphatic  h>-pnotics  or  morphin.    The  effect  is  simply  additive  (Klam- 
mer.  1Q13);  or  perhaps  sliphtly  potentiateH  (januschke  and  Inaba,  1913). 

Use  in  other  Conditions  of  Nervous  Hyper-excitability. — The  de- 
pressant effect  of  bromid  is  largely  utilized  in  hysterical  conditions;  Base- 
dow's disease;  acute  cerebral  excitement  and  meningitis;  in  the  nervous- 
vomiting  of  seasickness  and  prepnancy;  to  prevent  cinchonism;  inconti- 
nence of  urine;  as  anaphrodisiac  in  sexual  hyperesthesia;  and  against 
delirium  tremens  and  convulsions—epileptic,  chorea  and  olheii.  The  dos- 
age for  the  minor  nervous  conditions  is  0.5  to  1  Gm.  two  or  three  times 
daily;  against  cinchonism,  j,  parts  of  bromid  to  i  of  quinin;  against  sea- 
sickness, 4  to  5  Gm.  daily  for  several  days  before  llie  voyage;  in  perlus&is, 
it  is  said  to  allay  the  paroxj'sms,  but  without  shortening  the  course.  Con- 
vulsions require  at  least  15  Gm.;  if  necessarj'  by  rectum.  Large  doses- 
have  been  given  in  acute  mania,  but  probably  without  much  benefit. 

Use  in  Epilepsy. — This  is  the  principal  employment  of  the  bromids. 
They  do  not  H-vm  lo  be  efTicienl  in  all  cases,  probably  because  epilepsy 
has  different  causes.  The  successful  cases  amount  to  something  like  90 
per  cent,  in  idiopathic  epilepsy.'  Large  doses  must  be  employed  and 
continued  for  some  time.  In  most  cases,  the  attacks  become  milder  and 
less  frequent,  or  may  be  suppressed  entirely;  but  Ihey  usually  return  soon. 

after  the  remedy  is  removed.     In  some  few  cases  however  a  permanent 

effect  seems  to  have  been  obtained.     It  is  possible  that  ihb  cure  was  not^ 
due  to  the  bromid,  but  was  spontaneous. 

Dosage  in  Epilepsy. — The  effects  are  secured  only  when  the  organism^^ 
is"saturated"  with  bromid.  The  required  dose  variesfor  different  patients^^s 
and  must  be  ascertained  by  trial.    The  efficiency  may  be  increased  by^^ 

Cl-poor  food  (Toulouse  and  Richet,  iQoo;  Ulrich,  1912);  or  bv  the  ad -- 

ministalion  of  calcium    (Januschke,    IQ13).    These   mMliricadotis   nay^^B 
succeed  when   the  simple  bromid  treatment  fails.     The  daily  dose  ofc'^ciS 
bromid  should  be  divided  into  three  or  four  fractions,  and  frcdy  dilutetd*^ 
(never  as  tablets). 
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Poul<»on  recommend-t  the  fnllnwini;  routine,  to  be  modifird  as  needed:  Td 
first  week,  3  Gm.  daily;  second  week,  4  (im.;  increasing  by  i  Gm.  each  w«k.  until  ic^ 
Gm.  arc  reachetl  In  the  c-i>;Iith  wt-ek.     If  well  tulvrated,  and  if  the  allack»  pem»(.  tha^ 
w««kly  incrcaiic  may  be  continued  until  15  Gm.  arc  reached  in  the  thirteentli  w«ek  3 
The  'Jiwaye  in  then  rt^iiiced  in  the  bami!  way  until  the  attacks  recur;  when  the  trotlmenr  4 
\s  a^;iin  started  in  iht  «ame  way.     .\  few  iriaU  aM:«rtatn  the  do<ics  required  tn  rnluifv ' 
the  attack  to  a  minimum.     This  (Ji>sagc  is  then  continued  as  long  aa  needed;  and  k- 
newcil  at  tnt«rvaU  even  after  complete  disappearance  of  the  atucks^  to  aotidpalc 
currcnrc.     Bromid  acne  need  not  interfere  with  tlie  treatmcDt;  but  severe  depitario^*'*^'^ 
nece^silates  rrHuirtinn,  ar  even  discontinuation. 

Other  Drugs  Used  in  Epilepn.— Bes^ide^  the  bromids,  the  follovrinA  dnigs  ha' 
been   used   empirically:  0]iium,   Valorian,    Relladonna,   Zinc  Oxid,    ChJond. 
Vcmalis,  Sulanum    Carolinenie,  Salicylates   and    .Antipyretics.     It    id    very    ditBnilr 
to  form  an  estimate  of  their  value,  Mncc  epilepsy  is  temporarily  bcnclitcd  by  _,„ 
any  placebo.     ThcTic  drtiRs  can  Iw  recommenncd  only  when  bromids  have  faStd  *■— ^ —   _. 
are  for  any  reason  Iwidly  home.     No  treatment  will  be  «uccc«Aful  except  it  be  ji»oed  wiUl-J    ^* 
a  careful  rcstilation  of  diet  and  scoeral  hygiene,  cxccs9c<»  uf  oil  kinds  being  itrktljr 
scrib«l. 

The  inhalation  of  Amyl  Xitritc  is  Mcictiraes  useful  during  the  stuck. 

Central  Actions  of  Bromids  on  Animals.    These  are  analogotts  to 
and  can  be  better  utiH/.cd  for  studying  the  mechanism  of  Br  action. 

<Binx  givea  the  fnllnwit^  compiUltoa:    Total  abciblioB  »a  ionaa*  ilnig  is  contitmad,  t>  ptf 
I>itnmnh(<d  mttnbn-  uwl  vHylmoe  of  Kttacka,  8}  per  crat.    .\o  inBiMpw.  aji  jxr  ami.     NwBlnr 
attack*.  io«nu«<l  ah  per  c«ni. 
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Albcrtoru,  18S},  found  that  bromids  lower  the  excitability  of  the  motor  cortex  of 
dogs,  so  that  a  ^ttmulaliun  nf  the  m<i[or  ari-as  nfiich,  under  (he  tondJlionit  of  the  experf- 
ment,  gives  rise  to  general  epileptiform  con\uUt<ms,  will,  adtr  thir  adminisiralion  of  a 
hromid,  he  confined  to  the  arcii  directly  stimulated.  If  u  bn>mid  is  administered  to 
aiumal^understiy'chnin,  theefTert  of  stimulatinn  dnes  not  have  much  tendency  to  spre«di 
while  the  primarj'  rctlcx,  say  the  patellar,  will  still  be  exaggerated. 

Cuin^ii  Pigs. — Laif;e  doses  of  XaBr  (0.1  to  1  Cm.  per  pigui  200  to  250  Gm.)  produce 
a  deep  sleep,  lasting  two  or  three  day&.  This  is  preceded  by  a  lung  latent  periutl,  even 
if  the  oiiminislratkin  is  h>  podcrmic  or  by  vein.  The  hypnotic  eficct  is  antagonized  by 
picrotoirin  or  strychnin  (Jiinuschkc  and  fnaba,  iqi  j). 

Fro(i. — These  do  not  exhibit  acute  actions. 

Rabifils. — These  show  ^►tli  acute  and  chronic  effects  closely  resemWing  those  ob- 
served in  man.  The  symptoms,  rapidity  and  dosage  are  nearly  the  same,  whether  the 
administration  is  by  mouth,  hypodermic  or  vein  {Bernoulli,  igi^): 

Ncryout  Symptf}mi. — 3.3  to  i.a  (Jm.  per  kilogram,  vein,  generally  produce  HtUe 
immediate  effect.  After  sevcrul  hours  to  three  days,  the  rabbit  liwtimes  apalhetJc 
*iKi  dupgish.-  The  sensibility  and  reflexes  are  somewhat  depressed  and  aelayed. 
Alu^ular  coordination  is  often  disturbed  and  ataxic.  .Wendini;  mu-scular  debility  and 
paresT*  are  fte*nicnt. 

CkronU  Poixoning. — Also  shows  these  pareses,  hut  no  narttmis  nr  other  cere- 
bral depressions  (Januscbke,  1913).  Hoth  formn  prevent  camphor  and  picrotoxin 
convulsions. 

Local  5ym^*Hj.— The  rabbits  often  show  slowly  developing  irritant  phenomena  in 
%be  skin  and  mucous  membranes,  analogous  to  bmmism:  general  ilermntitis,  lo^  of  hair, 
conjunctival  congestion,  coryaa.  etc. 

Outcotfu. — It  the  nervou!.  symptoms  are  fully  developed,  spimtaneous  improvement 
i»  except ional.     The  riibbilj«  die  in  coma  after  wvcral  days. 

Efficiency  against  Erperimeotat  Convulsions.— Intravenous  injection  of  sodium 
bromid  suppresses  ihc  epileptic  convulsions  ot  camphor  and  the  mcdt]llar>'  convulsions 
of  cocain,  out  not  the  spinal  conviilsioiiii  of  strychnin  or  pitrotoxin  ijanuschkr  and 
Inaba.  1013).  The  "Erlcnmeycr  mixture"  of  \allr,  Klir  and  XHiIlr.  appears  to 
differ  in  that  it  docs  not  suppress  cocain  convulsions  with  acute,  but  only  with  continued 
administration.  This  U  perhaps  explained  by  the  ob»er\*atiim  that  the  injection  of 
ammonium  bromid  h  coovulaive.  CaUri  is  no  more  ef&cient  than  N'aBr  (Januschke 
and  Ma^dow,  1914). 

Mechanism  of  Bromid  Action. — Wyss  proposed  the  theorj-  that  bromids 
act  merely  by  displacing  Ci  from  the  body.  This  explanation  is  inade- 
quate. The  oUier  theories,  that  their  action  is  due  to  the  liberation  of 
free  Br;  or  to  the  formation  of  organic  Br  compounds,  are  also  not  estab- 
lished.    It  appears  that  the  action  is  due  directly  to  the  Br  ions. 

Chlorid-deprivation  Theory.— This  was  suggested  by  the  increased  elimination  of  CI 
following  Br  administration.  It  was  found  thai  the  efficiency  of  bromids  was  increased 
by  Cl-poor  food;  and  conversely,  that  the  administration  of  large  doses  of  XaCI  (20 
Gro.J  brought  back  the  epileptic  attacks  in  patients  who  had  been  under  the  control 
of  bromids  (Wyss,  1Q13).  These  obscr\ations.  however,  do  not  prove  the  conlrntion; 
for  deprivation  of  Cl  increases  the  retention  of  Kr;  and  administration  of  CI  increases 
the  elimination  of  Br.  The  results  would  therefore  equally  s.upport  the  theory  of  a 
direct  Br  action.  On  the  oUier  hand,  a  number  t>f  facts  speak  ver>-  slronRly  against  the 
Cl-deprivation  theory;  Simple  dechloratiun  may  produce  ataxia,  but  laclui  the  anti- 
^Numodic  action  of  broroias.  The  bromid  action  (•ccurs  t-vtn  when  Cl  lr>*s  is  fully 
compensated  by  the  fiwd.  Recnvcrj'  from  Br  may  occur  even  when  Cl  is  nithheld. 
Injection  of  Cl  causes  some  recover}'  from  bromid  poisoning;  but  citrates,  sulphates 
aad  nitrates  have  a  similar,  though  weaker  saving  action  (Bernoulli,  IQ13).  Januschke 
and  Inaba,  1013.  found  that  Ihc  bromid  depression  in  animals  could  not  be  eSiciently 
antagomzcd  by  the  administration  of  XnCI,  nor  reinforced  by  Cl-poor  food. 

Ine  Effects  are  Due  to  the  Bromid  Ion. — The  characteristic  action  iA  produced  in 
animals  by  all  bromide;  but  not  by  orffanic  Br  compounds,  nor  by  bromates  (Janusithke, 
1913).  ifcmouUi,  ivi3>  Imds  th.it  (he  euiscd  brain  and  other  tisitueft  swell  more  in 
bromids  than  in  et)uimoIccular  solutions  of  chlorid.  He  suggesu  that  this  may  be  the 
basis  of  bromid  action;  but  this  would  require  stronger  fvideiire. 

Actions  on  Circulation. — Bromid  has  no  direct  effect,  except  slight  de- 
pression with  single  doi;cs  above  10  Gm.    Sedative  doses  may  indirectly 
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slow  ihe  heart  and  lower  the  blood  pressure  somewhat,  especially  in  cardiac 
neuroses.     Large  doses  of  KBr  may  show  the  depressant  potassium  ftciton. 

In  tbi'  rut,  the  inlravmous  injtclion  of  the  NaBr,  jc.c.  of  j.5  percent,  per  kilomA, 
had  m.  tiTect  (.Lthndorff.  1914). 

Perfused  Hearts. —  i'hv  substitution  ol  hromicis  forchlorids  in  KtQKer'i  fluid  produon 
praclically  no  efTrct  !□  cold-blooded  hcnrts,  f  xcept  a  t,\\^\\\.  acceleration  in  starling.  Ici 
warm- blooded  hearts,  there  was  s  slight  docrease  in  rate  and  amplitude  (Grrcne  and 
Kru^e.  I")  13). 

Excised  Uterus. — RcplacemeDt  of  CI  by  Dr  or  I  produces  a  slight  iocreue  of  toaiH, 
withuul  alTccting  the  rhytlimic  cunlTsctions.  Fluorid  increases  the  tonus  and  rhythmic 
coniraciinns.  without  injurinK  the  musirlc  (PnKhmtw,  iqii). 

SecretionB.— Bromid  somewhat  increases  the  secretion  of  mucus  by  salt  actioo.  tt 
diminishes  the  milk.     Varialilc  Te.su1ts  have  been  reported  as  to  menstruation. 

Gastric  Irritation.— Large  doses  of  bromid,  especially  in  concentrated 
solution.s,  prodiK-tr  nausea,  vomiting  and  gastralgia,  by  local  salt  action. 

Acute  Bromid  Poisoning.-  This  is  rare,  hut  may  occur  from  lar|;c 
doses,  especially  if  ihe  excretion  is  imperfect  in  nephritis.  There  is  mild 
colIa.pse,  impaired  speech,  stupor,  and  paralytic  phenomena.  The 
treaLment  would  Ik-  by  NaCl  infusion. 

Bromid  Rashes. — These  occur  frequently,  especially  m  the  face,  when 
the  administration  of  Br  is  prolonged.  They  resemble  those  of  todism. 
The  mucous  membranes  may  aJso  be  irritated.  Similar  effects  occur  in  t 
animals  (Bernoulli,  1913).  The  ra.sbes  are  best  prevented  or  treated  by  -^ 
clcanli  ness.  They  usually  disappear  promptly  after  discontinuation.  _ 
The  irriLalion  has  been  attributed  to  liberation  of  bromin  by  the  add  Mi 
secretions  of  the  sebaceous  glands,  etc. ;  but  the  c«dencc  is  not  convincing.  _  ^ 

Chronic  Bromid  Depression  and  Cachexia.— Long-continued  use  of  xiit^M-ht 
drug  generally  leads  to  psychic  deterioration,  weak  memory,  apathy,  ~^^  y, 
disturbed  speech,  ataxia,  tremors,  somnolence,  sexual  impotence:  and  tc:»_»^  to 
nutritional  disturbances,  anorexia,  malnutrition,  anemia,  cmacialioo  -x^  ^n, 
diarrhea  and  lowered  resistance.  The  symptoms  ilisappear  rapidly  wbcrm-^^en 
the  drug  is  stopped  or  the  dose  reduced,  and  especially  if  chlorid  is  pvei»^»"en 
(Schabclitz,  1916);  but  the  resistance  remains  low  for  some  time. 

Schabclitx  claims  that  the  stoppage  of  the  bromkl  in  hi»  own  case  caused  thuxiataec^t 
symptoms.     This  di>cs  nut  sctni  Id  be  generally  the  case. 

Contraindications  to  Bromids.— Because  of  these  depressant  effects  :*=:t 
large  doses  of  bromids  should  be  avoided  in  mental  or  physical  debility^  :9  aX\ 
old  age.  melancholia,  neurasthenia,  etc. 

Choice  of  Preparations. -The  inorganic  bromids  arc  most  cBiaen'«::i 
NaBr  is  generally  preferred  because  it  is  less  irritant,  and  has  a  less  disa^^ 
greeablc  taste  than  KBr,  or  especially  NliiBr  and  LiBr.  NH^Br  librrat»^ 
bromin  on  ex|K>surc  to  air,  which  is  a  serious  objection.  .^  mixtuat^^ 
(KBr:NaBr:NH4,Br::i:2:i)  has  been  advocated  {'' ErUnmeyrr  Xfixture" 
but  it  is  difficult  to  see  any  advantage. 

CaBr  adds  the  depressant  action  of  Ca  and  is  said  to  be  more  cfficien  xra 
but  the  continued  administration  of  the  large  quantities  of  Ca  may  \M 
detrimental.    The  same  holds  probably  also  for  strontium  bromid.    H^C 
is  loo  irritant. 
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Organic  Br  Compounds  arc  said  to  be  less  likely  to  produce  toxic  Br 
effects;  but  this  could  be  explained  entirely  by  llieir  lower  Br  content.  No 
real  advantage  has  been  established  for  them,  and  lliey  arc  probably  much 
less  efficient. 

No  cfEect  can  be  expected  from  the  brnmin  in  solU»  which  are  used  in  small  doftes^ 
f.  c.  bromid  of  qutnin,  uf  arsenic,  etc.  In  theM  it  caa  be  Uftcful  only  by  induencing 
the  solubility  or  dissoctabUity  of  the  compound. 

PREPARATIONS— BROMIDS 

Acidum  Hydrobromicum  IHhilum  (Ac.  Jlydrobr.  DiL),  U.S.P,,  B.P.^io  per  cent, 
of  HBr.  Colorle&s,  odorless  liquid;  stronuly  acid  taste.  Arjc,  1  c.c,  15  mioinu, 
U.S.P. ;  I  to  4  c.c,  15  to  60  minims.  B.P.;  dilutrij. 

AmmoH.  Brom.,  U.S.P.,  B.P.;  NII.Br.  — Freely  sol.  in  water  (i :  i.j);  sol.  in  ale. 
(1  :  la).     Other  characters.     Doze,  etc,  as  Sod.  Brnra. 

C-alc.  Bron.,  U.S.P.;  CaBfi.— (Jranular;  vcr>'  deliquescent.  Vcr>*  »I.  In  water 
(1 :  0.7);  freely  sol.  in  ale.  (1:1.5).     Do^c,  i  Om..  15  gr..  U.S.P. 

iMk.  Brtmt;  U.S  P.;  I.iRr. — firanuUr;  very  deliquescent.  Very  sol.  in  water  (i:o.S); 
frerfy  sol-  in  ale.     Dosfy  i  Cm,,  15  gr.,  IJ.S,P. 

* PtA.  Brom.,  U.S.P,;  B.P.;  KBr.— Freely  sol.  in  water  (1:1.5);  slightly  sol.  in  ale 
(i:  JSo)>  freely  sol.  in  give,  (i  :4.61.     Other  characters.     Doir.  etc.,  as  Sod-  Brom. 

*  Sodii  Brovtidtim  (Sod.  Brom);  U.S.P.,  B.P.;  NaBr, — Colorless,  cubical  crystals  or 
white  f^nular  powder;  odorless;  saline  taste.  Freely  sol.  in  water  (i:  i.i);  sol.  In  ale. 
(1:16).  All  bromids  arc  imomftatibie  with  .^tiy'chnin.  Dose,  i  Gm.,  15  gr.,  U.S.P.; 
0.3  10  3  Gm.,  3  to  30  gr.,  B.P.;  in  dilute  solution. 

Sirom.  Brom..  U.S.P..  B.P.;  SrBr,  +  6H1O.— Vcr>'  wl.  in  water  (1:0.35);  ^^  '» 
&Ic     Dose,  as  for  Sod.  Brom. 

ORGANIC  BROMIN  COMPOUNDS 

The  following  are  described  in  N.X.R.:  Adaiiii.  -  Btom-diclhyi-acety]  carbftmid. 
Brometone.  -  Tribrom-tertiary-buiyl  alcohol.  Bromipin.  -  Brominized  Sesame  (3i!. 
BromuraL  =  Miinnhrom-i«>valeTyl  urci..  Brovalol.  =  Domyl-bromvalirrate.  Scbro- 
mtn.  =  Calcium  dibrom-behenatc. 
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General  Statement. — Our  knowledge  of  the  action  of  iodids  i.s  derived 
mainly  from  clinical,  rathtr  than  from  experimental  data.  They  increase 
ihe  secretion  of  mucus  and  urine;  rather  more  powerfully,  than  other  salts, 
but  probably  by  the  same  mechanism.  They  are  therefore  used  as  ex- 
pectorants and  diuretics,  and  to  promote  the  eliniinalion  in  chronic 
inercur>'  and  lead  poisoning.  Their  continuous  use,  especially  in  suscep- 
tible individuals,  produces  inflammatory  phenomena  in  the  skin  and  mu- 
cous membranes  (lodism).     Other  iodin  compounds  act  similarly. 

Their  principal  use  is  in  the  various  manifestations  of  tertiar>-  syphilis- 
They  do  not  act  on  the  spirochetes,  but  lead  to  the  absorption  of  gumma- 
tous exudations  and  perhaps  connecUvc  tissue.  ,  This  action  Is  not 
explained,  but  is  perhaps  analogous  to  the  iodism.  The  iodids  are  similarly 
useful  in  aortic  aneurism,  and  in  arteriosclerosis  and  angina  pectoris. 
They  have  no  direct  effect  on  the  circulation.  Theiremploymcnt  in  chronic 
rheumatism,  fibroses,  asthma,  neuralgias,  etc.,  rests  perhaps  on  a  similar 
basis. 

The  administration  of  iodids  and  other  iodin  compounds  increases  the 
formation  of  iodothjTin,  and  therefore  affects  metabolism.  Their  cautious 
use  is  often  beneficial  in  goiters,  while  excessive  doses  are  dangerous. 
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Absorption,  Fate  and  Excretion. — Thesi-  are  similar  to  the  CI,  Br,  I^^t** 

and  NOj  ions.    They  may  mutually  displace  each  other  in  their  cxcrei ^^^ 

The  elimination  of  iodid  is  more  rapid  than  that  of  the  related  tons.  ^ 

limited  amount  of  iodin  is  stored  as  a  special  organic  compound  is  ^ 

thyroid  gland. 


iodul 


^  Sool 


AbsorptioQ. — The  irorganic  lodids  are  rapidl)-  absorbed  from  mucous  roembnu. 
so  thut,  with  orul  iidmini»tra(iiin.  the-  ab&or|ilinn  ULCurs  princiitally  frum  thr  bUnrf 
(BoruttAu,  iQio).     Tiie  r«'ium  is  -aid  to  ab&orb  even  better  t'A.  Friirdmann,  lyio- 

Rapidity  of  AbsorpUoo. — AdmiiiibUTing  KI  to  dogs  with  ducxlcnul  tistuUs.  14= 
could  be  detected  in  the  duodenum  within  fi%'e  toinutes;  the  absorption  was  cample 
in  about  three  hours  (L.  Melzger,  igri). 

Intestinal  Loops.— Hanzlik,  191 2.  [oimd  the  absorption  of  Nal  wlutioru,  , 
ligattHl  Inops,  nearly  equal  from  nil  parts  of  the  unall  intestines;  ^nmevhat  lea*  from 
stomach  and  colon.     The  rapidity  of  absorption  waa  not  materially  inQuenccd  by 
extent  of  surface,  or  by  the  concentration  of  the  ^utiun.     The  abi^orjitioD  i»  very 
at  first;  but'bccomcs  slowed  when  one-half  to  three-fourths  has  been  absorbed. 
inhibition  is  due  to  a  iocil  thnnt:c  in  the  epithelium,  whith  is  also  produced  by  the  I 
application  of  dilute  NaCl  solution;  but  not  by  altcrinK  the  haloid  content  of  the  tiftm. 

Absorption  from  the  S}an. — The  appUcation  of  iodid  ointments 
irrational;  for  although  some  absoqjtion  occurs,  it  is  very  impcrfecL 

The  absorption  varies  nith  the  iodin  cumpound,  the  oinimrnt  liase,  and  the  igaUWtow  | 
of  the  »kin.  IL  is  best  for  the  scrotum.  Hcrzfcld  and  Klin,  igii  fwho  also  atmfci^^^J 
several  compounds),  stale  thnt  jielrolutum  wrcurc^  the  be^t  iihsi>rptton;  while  Bart^^^"****" ] 
bach,  igoQ,  found  it  better  from  lard  than  from  petrolatum  or  lanolin. 

Channels  of  Excretion. — This  occurs  munly  by  the  urine;  but  par 
also  by  the  .saliva,  gastrit  juice,  sweat  (Tachau,  xgii),  and  other secretic:^^*™*j 
and  body  fluids  and  effusions. 

Sativory  Excrei'ton. — This  begins  usually  in  sut  and  onc-baU  to  eleven  mintttes. 
is  somewhat  delayed  when  the  stomAch  \*.  tilled,  and  much  more  in  gastric 
This  has  been  proposed  a$  a  diugnoslic  test  (0.3  Cm.  Kf  in  gelatin  capsules);  but  i' 
loconsliint  and  unreliable.     The  salivary  excretion  (pves  rise  to  a  pcrsutent  dbafj    'V 
■b)c  mriailk  l<JsU;  best  corrected  by  gargling  with  bicarbonate. 

Other  Fluids. — The  sVKot  contains  only  traces  (Kdlermann,  1005;  Tachau,  ipt  "^*^  " 
The  Bile  in  man  excretes  about  i  per  cent,  of  the  administered  iodid  in  iwcnt>'-fc 
hours,  the  maximum  bring  in  three  hours  (Frickes,  tqoS}.     Its  pre^nce  in  rifut*onj . 
cerebro-sfiinatjtuid.  &vc  to  tif teen  hours  after  administration.has  been  contirninJ  by .\c 
and  Ribol,  iQOq.     Its  pas-iage  into  the  cerebro-spinnl  fluid  ib  not  con:<Iant  (Hald,  191 
It  also  passes  into  the  milk  (Kcipt  and  Schcfler,  1008). 

Form  of  Iodin  in  I'rine. — This  exists  mainly,  if  not  solely,  as  iodid  Ions.  \ 
part  is  probably  excreted  in  organic  combin.ilion  (Crespolani,  iqoq),  bat  the  rv\ 
tor  this  i.4  somewhat  controversial  (Schuerholl.  1901;;  Hamack,  1910). 

Rapidity  cf  L'rinary  Esrretion. — The  iodid  appears  in  ten  to  twenty  mtaules,  ai- 
reaches  its  maximum  in  t%vo  hours.     About  four-fifths  is  excreted  wittun  a  few  hovi 
hut  the  remainder  very  slowly  (Heubel.  1865).     The  excretion  is  twice  as  rapid  »•  tll*^^- 
of  Br  (Heimann,  1912);  but  con^dcrabtc  rctcnUon  occurs  (from  ooe*9Xlh  i"  - 

after  a  single  ilnw).     With  dos«s  nf  0.5  to  i  dm  ,  the  iodid  reaction  persist  < 
hours;  after  larger  dose*  or  continued  administration,  traces  persist  over  twcim  ii4»^»^ 
T^c  excretion  can  be  hastened  by  the  administration  of  chlurids  and  sitnilar  iocts.  b'^ 
no!  hy  diiiri-sis, 

Influence  of  Related  Ions. — This  was  dwcussed  under  Chlorids  and  UrorafaU. 
administnition  of  ihlorids  and  related  ton<;  hastens  the  eUminatii»n  of  iodid»  (Her^ 
andtiormidor,  1913);  while  CI>poor  food  increases  the  retention  (Sarvonitand  Crtoic-^- 

»9ll) 

Iodid  Test  of  Renal  Efficiency. — If  a  single  test-dose  of  i  Gm.  of  KI  is  taken  after 
meal,  a  healthy  individual  excretes  on  the  average  So  per  cent-  of  the  tiwjiij  in  (he  Err     -"^ 
twenty-four  hours,  and  15  to  jo  per  cent,  between  twenty-four  and  fort) -eight  boor — "="'  ^ 
independently  of  quantitj-  of  the  urine.     .\t  the  end  i>(  this  time,  the  urine  fail»  to  T^^^ 

rnd  to  the  ordinar>'  iodid  test.     A  smaller  excretion  or  more  persistent  rraction  shoi^'^ 
linisbed  perraeabilUy  of  the  kidneys.    With  interstitial  nephritis,  for  instance,  tl^' 
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hcretion  may  be  only  1 7  per  cent,  and  extend  over  five  or  six  days.    Tubular  nqihritis; 

rte  or  chronic,  shows  nearly  normal  cxtrclion  {Sivert  and  KarainsJiy,  iqi4). 
Considerable  delay  occurs  in  experimental  chronic  passive  renal  conRestion  (Rown- 
EO.  The  iodid  delay  would  therefore  seem  thardCteristit  of  vascular  rather  than 
uIat  disturbance,  contrary  to  the  view  of  Schlaycr  and  Takayaau,  1013.  The  trlimi- 
ktion  of  Kl,  after  t  Cm.  by  oral  and  rectal  administration,  has  been  studied  in  a  \-ariety 
|clinical  conditioos  by  Wovschin,  1915. 

I  DiffvrrtKts  with  Age.~-Smstarl,  19 1 5,  finds  the  excretion  in  sucklings  the  same  as  in 
^Ica  (64  to  73  percent.);  but  older  children  appear  to  excrete  le»s  effectively;  namely, 
i  to  50  per  cent,  between  three  and  6ve  years;  41  to  48  {^er  cent  between  6vc  and  ten 
ear^.      He  offers  no  explanation  for  this  nirinus  observation. 

Distribution  of  the  Retained  Iodid  in  Normal  Tissues. — When  an  iodid  has  been  ad- 
linistcred,  it  drculalcs  la  ionic  form;  orRanically  combined  iodin  having  been  conclu- 
Kely  demunstrated  only  in  the  thyroid  (Blum  and  Gruetzner,  1014;  .Adlcrand  Czap^, 
bi4) ;  although  some  investigators  believe  that  traces  may  occur  in  other  tissues,  espe- 
Uly  the  liver  (Justus,  1903  and  i90»).  The  distribution  ha»  been  invcstiKsted  I>y 
ieubel,  ii6s;  O.  Loeh,  1907  and  1013;  and  Boruttau,  loio.  The  highest  (icrcentage  is 
bund  in  the  thyroid;  then  comes  Che  blood;  then  the  secretory'  and  lymph  glands,  kid- 
leys  and  lungs;  much  less  in  the  muscles,  intestines,  testes  and  bones;  traces  in  the  hair; 
Hnc  in  the  brain,  spinal  cord,  fat  or  bone  marrow  (except  traces  if  the  bpold-soluble 
trganic  forms  sue  given).  On  wiihiirawal.  iiKJin  (organically  combined)  is  retained  in 
lie  liver  and  sometimes  in  the  blood. 

Partitioa  of  lodin  in  Cell  Constiluents. — McLean,  1914.  investigated  the  proportion 
tl  the  retained  iodin  in  the  water-soluble,  protein  and  lipoid  tractions  of  the  liver,  both 
jitrr  administration  tu  an  animal,  and  after  direct  addition  to  the  excised  liver  tissue. 
piitb  KI,  the  results  wi^re  the  .same  in  either  case:  68  per  cent,  in  the  water-sol- 
lible  fraction.  i2  per  cent,  in  the  lipoid,  and  none  in  the  protein.  This  held  aUo  for 
bdalbin  administration.  With  lodi/ed  fat  (.sajodin)  administration,  the  lipoid  fraction 
Bowed  a  lai^er  (5!^  per  cent.),  iind  the  water-soUible  a  smaller  (4^  per  cent.)  fraction. 
>     Distribution  in  Pathologic  Tissues. — These  generally  contain  more  than  nornml 

Itia  is  not  explained  by  simple  diffuaion,  since  the  tissues  may  contain  more  than  the 

kwd  (O.  Loeb,  1913). 
Titt  increased  quantities  have  been  found  In  tuberculous  tissue  (Loeb  and  Michaud, 

107);  CArcinoraatous  tissue  (Veldcn,  1908;  Talcamura);  5\*philitic  tissue  (Loeb,  1Q13); 

OS  (Loeb,  1907):  other  nccmlic  tissue  and  implanted  agar  'Wells and  Hedenburg,  IQI3; 

ltd  organs  rendernl  h>-T>rrcmic  by  Kier's  stasis  (i^oJomon,  1913).     'l*ubcrculous  tissue 

I  said  to  contain  iodin  even  in  animals  to  whom  nu  iodin  compound  has  been  admln- 

iCered  (P.  A.  Lewis  and  Krausa,  1914). 

Organic  Iodin  Preparations. — Several  different  types  of  these  have 
Wttn  introduced  to  a^oid  the  unde.sirable  actions  of  KI.  This  can  be 
Iccomplished  only  very  imperfectly.  Thuir  slight  and  doubtful  advan- 
iges  do  not  compen.sate  for  the  extra  cost  (McLean,  1912).  They  are  all 
tcomposcd  in  the  body,  and  develop  ihe  iodid  action  only  when  the 
idid  ion  is  regenerated  from  them  (Erlcnmeycr  and  Stein,  1909).  They 
D  not  therefore  avoid  iodism  if  active  doses  are  given.  The  iodin- 
rotein  compounds  are  decomposed  bcfon:  they  reach  the  blood,  and 
ehave  practically  like  inorganic  iodids.  Iodized  fats  and  fatty  acids  are 
bsorbcd  largely  unchanged  and  excreted  more  slowly,  and  therefore 
itnish  a  more  steady  supply  of  iodid.  Their  temporary  distributioji 
I  the  I  issues  is  also  different.  They  are  held  for  a  time  in  lipoid -soluble 
wm  by  the  cells,  and  therefore  enter  more  readily  into  ner\'ous  and  other 

riid  ti.ssuc.  However,  this  would  probably  not  favor  their  penetration 
syphilitic  tissue  It  is  not  clear  that  these  features  arc  especially 
^vanlageous  (Dock.  iQ09);norar€  thesedrugsentirely  free  from  undesir- 
able side  actions  (Nolthaft,  1910;  iodipin,  Seifert,  Nebenwirk,  1915,  p. 

lodin-Protein  and  Similar  Compounds. — I odo- albuminates,  -pentonutes,  -tannates, 
latin;  iodon.  iodolosc,  iodethylglycin.  are  so  rapidly  dccompo&eu  inal  thcv  behave  and 
eacreted  practically  like  inorganic  iudids;  and  have  no  advantage  (rilippi,  191J; 
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McLean,  1914}.     Even  Lbc  relatively  firm  iodalbacid  U  completely  dccompoMd  h^s^^ 
it  reaches  the  birtot}  (Fucrth  and  Fnedniana,  i<;o8;  Mcljcan,  IQ15). 

Iodized  Fats  and  Fatty  Acids. — [>>dipin,  uijodin.  etc..  are  absorbed,  dccompoucL  ^ 
excrcud  mure  slowly  {Wintcrnitz,  iStjj;  llorultau^  tQio;  Bunaori,  iQii;  Abderh* — ^~xL 
and  IlirM^h,  igi  1).  TKi^  applies  also  to  Ii^ustarin  (hiniiKln-taririnicaad)  andUpot  ■  ^"T"^ 
(ethyle«ter  of  biniodo-bra<i^idinic  acid)  [Filippi,  iqii;  Hai^ael,  1914). 

McLean  found  thai  Ihcy  ure  retained  mainly  in  the  lipoid-solutile  fractiun  of  the  c^^^^y*! j 
and  tht-'refore  enter  the  nervous  system  more  freely  than  inorganic  iodlda. 
Cmul  excretion  is  in  rnorgLtntc  form  (McLean,  1914,  tgis)- 

Secretions  and  Urine.^ — lQ<litls  have  a  saline  diuretic  action.    T 
increase  ihe  secretion  af  branchial  mucus  and  render  this  less  \'iscid,     T        hn" 
are  therefore  used  as  liquefying  expectorants.     This  may  also  contrib^=iulc. 

to  their  action  in  asthma.     The  secretion  of  saliva  is  not  affected  (V EJ 

Henderson,  1910).    Their  use  in  chronic  mercury  and  lead  puisonin^^  g  it^ 

probably  due  to  the  conversion  of  the  stored  metals  into  more  solu— ibk 

compounds,  but  this  is  hj-pothetical. 

Sexual  Functions. — Todiils  are  said  to  increa'v  men<itniation'.  to  decrease  the  : 
tion  of  milk;  and  cause  atrophy  of  the  mammar>'  gland.     Free  iodin  or  looae 
compuund^ii  (not  Kl}  pnxluce  sterility  in  both  sexes.     The  spcrmatobliuts  sbow 
logic  changes,  and  the  formed  iqwrmatoxoa  are  also  affected  (L.  Adier,  igi-i). 

Metabolism. — lodids  produce  no  demonstrated,  definite,  direct  cffe — ^cu 
on  normal  melabolisni.  'Fheir  continued  use.  however,  leads  to  malnu.  tn* 
tion,  as  described  under  iodid  cachexia.  This  may  be  due  partly  to  it"  -"cir 
influence  on  the  th>Toid  gland  (see  under  Thyroid). 

There  may  be  some  increase  of  urea,  total  nitrogen,  uiic  acid,  purin  bases,  and  chl^^^t^ 
excretion  (Chbtonl.  tQirl. 

Hypodermic  injection  of  large  doK5  may  produce  no  effect,  or  considerable  incr^^suc 
or  decrease  of  raL'taboIism  (Sgalitz^r,  lyoS), 

Normal  Occurrence  and  Relation  to  Thyroid. — The  thjToid  gland  c^  -*>*■ 
tains  a  fairly  high  |jercenlage  of  iodin  as  iodolhyrin.  It  can  be  incrm  ^ 
by  the  administration  of  iodin  or  any  of  lis  comiiounds.  There  are  qu — — ■■*" 
titative  differences,  the  I  of  bladdcrwrack  Ijcing  perhaps  100  times  *^\ 

active  as  that  of  K.I;  probably  because  it  is  more  easily  assimilated  by         ^' 
colloid  (Hunt  and  Seidell,  1910). 

Rapidity  of  Fixation  in  Thyroid.— Injecting  intraveriously  so  m^.  of  KI  into  Aa^ 
Marine  and  Kogoit.  lyiO.  fdurid  the  fmalion  lumpleted  in  five  minutes:  i.e.,  a«  m 
had  been  fixed  in  the  tliyrolds  of  the  dogk  killed  after  this  interval,  as  la  Uiow  U- 
after  33  hours.     None  was  fixed  by  the  liver  or  spleen. 

The  normal  occurrence  of  iodin  in  animal  and  plant  tissues  was  studied  b>'  Ci 
1914- 

Use  in  Goiter. — The  careful  administration  of  iodids  catues  m 
sion  of  active  thryoid  hyperplasia  into  the  relatively  liarmlcss 
type  of  goiter.     Marine,  tqii  and  igi2,  advocates  the  Syrup  of  Fcrrc^^ 
Iodid,  in  doses  increasing  gradually  from  o.j  to  1.2  cc,  5  to  so  drops> 
day. 

Toxic   Effects  in  Goiter. — Goilerous,   especially   Bascdnn-  patict*    ^^ 
often  rear!  badly  to  the  large  dosfs  uf  iodid  which  axe  commonly  used   ^^  ^ 
other  diseases;  presumably  by  the  overproduction  of  iodothvrin  in 
hyperplastic  gland.     The  patients   become  emaciated,  c^-en   when 
appetite  remains  good.     iTierc  are  nervous  and  psychic  disturbont      "*^ 
sometimes  fever.     The  symptoms  arc  described  In  detail  by  Oswald.  10^^^^^ 
The  effects  do  not  cease  promptly  when  the  administration  is  su5pcnff  ^w 
(KrchI,  1910). 
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Use  in  Circulatory  Diseases.— lodids  are  extensively  employed  in 

arteriosclerosis,  coronary  sclerosis,  angina  pectoris,  aneurism  (Bouillaud, 
185S),  etc.  In  the  lighter  grades  of  these  conditions  their  continued  ad- 
ministration seems  to  give  gradual  relief  to  the  functional  phenomena, 
especially  the  pain;  but  probably  without  effecting  a  cure.  The  effects 
arc  not  due  to  any  change  in  the  blood  pressure,  but  probably  to  structural 
alterations  in  the  vessel  walls,  perhaps  absorption  of  cellular  exudates; 
analogous  lo  the  effect  on  syphilis.  In  many  cases,  a  sj'phililic  factor  is 
directly  concerned. 

Pirrft  Atihn  on  Circulation. — PfiCain  ami  others  suppoaerl  that  the  iodids  lower  blood 
pressure  by  depressing  the  heart  or  blood  vesjiels.  'l\\\i  applk-s  to  fatal  doses  of  KI,  but 
u  then  ti  pola^iiim  effect.  Ontinary  iluses  have  no  L-flecl  un  the  bIo«c3  pressure  in 
DomuU  men  or  animals  (Sti^ckman  and  Charteris,  1901).  The  sliRht  circulatory  chanRea 
in  intravenous  injection,  dcscriheit  by  LchndorfF,  1914,  and  Macht,  1314,  seem  practi- 
cally in^iKnitiaint.  Salunt  and  [..i\'ini;stiinp  t<)i^<  cibnerved  no  effect^  on  the  circulntirin 
oJ  (ro^  or  mammals,  even  wiih  fairly  liiah  concenlmlions  of  Nal.  (The  intravenous 
injccUon  of  free  iodin  markedly  depressed  the  circulation  in  cats,  not  in  dogs.) 

The  blood  pressure  in  arterial  u^peTlonu^  is  also  unaHccted  acutelly,  and  probably 
even  with  continued  admiiiistratioti  (Hewlell.  low).  On  llieolhtT  hand,  5oinc  clinRia.ns 
claim  u  dclinile  fall  (/.  /.  Rutkewitch,  3  (Jm  daily).  There  is  also  a  fall  in  lead  pcisoaina 
probably  indirect  (Ca]>i)s,  1913),  Gurewitsch,  100;,  frequently  observed  increase  of 
pulse  rate  with  iodid  administration.     This  may  have  been  a  th>TQid  effect. 

liot'tUd  Heart  and  Arterirs. — Macht,  1914,  investigated  the  cHects  of  replacioK  part 
oC  the  NaCL  of  Locke's  solution  by  NaT  or  KCl.  The  rcsuJLi  can  not,  of  course,  ba 
transferred  to  intact  animals,  or  man,  since  they  involve  different  concentrations.  He 
concludes  that  the  iodid  and  N'a  inn  stimulate  the  heart  and  con<strict  the  vessels; 
the  cardiac  stimulation  bc;ing  strong  for  iodid.  weak  for  Nn.  The  K  ion  depresses  the 
heart  and  relazes  the  vessel.-..  Very  weak  sulutions  of  metallic  iodin  are  also  stimiiUnC; 
stnmgcr  concentrations  ;irc  toxic.  Salant  and  Livinf;ston.  1916,  found  that  the  perfusion 
of  dilute  iHilutions  of  free  iodia  through  the  isolated  frog-heart  produces  cardiac  trrcgu- 
Urily  and  dcpre<,sant  aftcr-e fleets.  More  concentrated  solutions  cause  greater  irrcffu- 
larity  and  diastolic  arrest. 

Dfcrftxsed  Viscidity  of  Ihe  Blood. — lodids  and  sulphoryanids  decrease  the  viscosity  of 
colloids  (Pauli,  1903;  the  other  haloid  iona  have  a  similar  but  weaker  effect;  (jazzcti, 
1913).  O.  Mueller  and  Inada,  1Q04,  claimed  diminishtrd  viscidity  of  the  blotxl  from 
Iberapeutic  doses,  and  advaaccd  this  as  an  explanation  of  the  circailatory  effect.  This 
cnuld  not  be  confirmed  by  Delermarn,  lyoS;  Determann  and  Broeking,  1912;  Lanza 
and  V'ergano,  1911,  and  Tschebok^arow,  igij.  Chistnni,  1910,  found  more  positive 
results.  The  change*  are  evidently  inconstiint,  and  i>crhaps  even  accidental;  they  are 
so  small  that  Chey  would  have  no  significance. 

Epitrphrin  Alfierrtma. — Koranyi,  1906,  chiirned  that  (his  could  be  prevented  by 
iodide;  but  thii  ha^  been  disproven  (Biland,  1906;  L.  Lo«b  and  Fleisher,  1907;  Hedinger 
and  Locb,  1907;  Kliencberger,  1907). 

lodids  in  Syphilis. — The  use  of  iodids  in  syphilis  was  introduced  by 
Wallace,  1S36.  Large  doses  are  used  in  the  various  tertiary  and  late 
secondary  manifestations,  They  give  marked  relief,  largely  by  leading 
to  the  absorpiion  of  gummatous  formation.s.  They  are  not  curative,  and 
do  not  affect  the  Wassermann  reaction  or  spirochetes.  The  mechanism 
of  their  action  is  not  explained,  but  is  perhaps  analogous  to  the  irritant 
phenomena  of  iodisra.  It  has  been  suggested  that  they  cause  the  pro- 
duction of  a  proteolytic  ferment.  This  is  plausible,  but  requires  further 
proof.  Longcope,  1914,  suggests  that  the  breaking  down  of  syphilitic 
tissue  fa\'ors  the  access  of  mercury'  or  arsenic  to  the  spirochetes. 

Amalagous  Reactions  in  Tuberculosis  and  Other  CondUioHs. — lodids  produce  a  similar 
rasorptive  action  on  the  granulations  of  actinomycuais,  sporotrichosis  ami  blaatomyco- 
Bs.  In  tuberculosis,  they  soften  the  connective  tissue  and  the  tubercles,  and  cause  a 
reaction  similar  to  tuberculin.  They  have  an  analogous  effect  in  leprosy  and  produce 
febrile  reacticrfui  in  a  variety  of  infections. 
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lodida  are  said  to  be  c^ntnunduateJ  in  luberculesii.  SorcL,  iqoo,  found  that  ibrj 
hasten  death  Id  cspenmciita]  tutx-roilar  infection  of  piinca  pigs. 

Lwtin  Rraciurn. — Adtnini^liation  of  pola^ura  iodtd  ur  other  iodin  i^m^ipKiirff 
leads  to  a  po&itive  piL^tuiar  or  nodular  luetin  reaction,  even  in  noo'^j'philttKi.  Man- 
over,  the  mtradcnnal  injectioo  of  agar  or  starch  alooe  pruducn  kimilar  remctiaiBiD 
iodated  patients  (Shernck,  igi>);  Kolmer,  Matsunatni,  and  Broadweli,  i^ia}. 

(Hdfr  Thtorifs  of  MnkoKtsm  of  Antitueiic  Aclum. — Numerous  tficonu  ha»r  beeo 
prapojwd  without  aar*.)ualc  evidence  (Capps,  1912).  The  alteraliinih  produced  b)r«ll 
action,  and  the  effect  on  the  th>-roid,  may  play  a  part;  but  other  salt.'^  and  thyroid  iudf 
lacli  the  intiluetic  action.  Rinz.  1K75  and  i$Q4,  suggcste«i  the  lihcnilion  of  free  iota; 
but  thi«  is  imptobdble.  Heinz.  it<oo.  describes  increaMd  leucocytuu^  aad  hmpb  ftn, 
and  aibumcs  increased  permeability  of  the  biuu4l  vessels.  HirMrb,  1914,  hnwcrer,  did 
Dot  tittd  the  phagixrytic  removal  of  lubcrdr  bacilli  hastened  by  daily  Kl  adniinuttatka. 

In  reviewing  the»e  various  theories,  one  mu!tt  be  struck  by  the  fai.!  that  the  roaitt 
of  iodid  are  altogether  too  spediic  to  be  explained  by  such  general  and  iadciaile 
explanati'ins. 

FtrmcHl  Thtcry. — The  resorpCiNT  action  of  iodids  on  various  palhologk  tisBoCLud 
the  similarity  of  its  febrile  and  inQainmator>'  reactions  to  anaphylaxis,  suggest  thcp(i>- 
sibilitv  that  it  may  cause  or  lavor  proteolysis  under  certain  conditions. 

All  the  phenomena  would  thus  be  bnHjght  under  the  same  hTii">--  '^-  Inrtif, 
tubercular  and  other  pathulofnc  tissue*  merely  having  an  eiaggcrat;  !ii)  U 

tbe  prvitc>*l_vlic  and  anaphylatlic  phenomena  of  iodi^in.     These  ^'icl^  ;4uui> 

ble.  nave  .-u  vet  no  brm  experimental  foundation. 

Several  oWrvers  haN-e  described  a  rather  doubtful  accelentioa  of  autat^t'u  hf  d> 
addiliim  uf  )<^iid,  in  rilro;  and  a  more  delinile  acceleration  after  the  administiati^  * 
iodkl  (Stookey,  1007;  Kepinov.  1911;  Kafihiwabara,  igis;  Morse,  igrj). 

Dick  suggested  that  iodids  lead  to  the  production  of  a  proteolytic  fermenL  J 
aiul  Peterson.  tQi4  and  19 15. on  the  other  hand,  believe  that  they  restrain  theaal 
tic  activity  of  the  scrum  and  tissues,  by  binding  the  unsaturated  carbon  atoms  el  tM 
antitr\-plic  lipoids,  thus  permitting  the  autal>-tic  digtsLion  of  the  necrotic,  betk  ar 
tubemalar  material,  etc.  In  support  nf  this,  they  find  that  the  anl;lr\T'iit  iwwrf  J 
•erum  or  caseous  tubercular  material  is  actually  dimtniNhed  by  in<  ii«!iil 

or  iodids;  that  full  Aoxi  of  itxlid,  administerrd  to  man,  jtrraily  low<  1  raol 

index  of  the  serum,  which,  bowe^'cr,  reeovrrs  with  the  outbreak  of  iudiani;  and  UuliV 
administraliiin  renders  cai«uus  tuberculous  material  itiRrsiible,  csplaininc  lheapnel^ 
ance  of  tubercle  bacilli  in  the  sputum.  They  aAsurae  that  gummas  would  be  smwHr 
digested,  thus  also  exposing  the  sninH-betes  to  the  germitidal  action  of  mtmuy  t 
ar<vaic.  It  will  be  seen  that  the  theory,  although  attractive,  &tiU  involves  Mac  » 
proven  aMuraption». 

Use  in  Otlur  CoodMona. — Iodids  are  aiso  emplo>-ed  to  cause  the  absofptkia  «f  i» 
luetic  h>'perpla5tic  tusue;  to  reduce  chronic  inQammator>'  swellings;  agatmt  lympi i*ir 
swelUng^^  in  gout  am)  chrfink  rheumatism;  in  neuralgias;  in  a.sibma,  etc.  The  flwcte- 
bmof  their  action  is  probablyanakiKoui  to  that  in  sj-philis:  in  many  cases  there  iinirtl'i 
be  an  undi»:overed  luetic  factor.  Tbe  action  on  bronchial  muurle  Is  doubtful  CTU*^ 
1013). 

lodism. — ^The  use  of  iodids  is  apt  to  proHace  irritali\'C  pbenooa* 
of  the  skin  and  mucous  membranes,  taking  the  form  of  various  raslK>i 
and  of  con,-2a,  headache,  conjunclivitis^  lar\*ngitis,  bronchitis,  etc.— »>.. 
the  \-a.riou.s  manifestations  of  a  "cold."  Less  common  are  stotnauia, 
paro(iti:j.  anorexia,  etc.  The  skin  affections  generally  occtir  somewhit 
later.  They  may  consist  in  acne,  furuncles,  crj'ihcma,  purpun,  tirtionit 
vesication,  etc.,  and  thtsc  may  be  accompanied  by  fever. 

The  suscffftibUiiy  to  these  irntatiun<i  varies  greatly.  They  nut  wtj 
in  a  few  hours  after  a  relatively  small  dose  or  only  after  the  looj-aB** 
tinucd  use  of  Urge  doses;  or  again,  the  symptoms  produced  by  small  (kvO 
nuy  disappear  vhcai  the  dosage  is  increased.  They  arc  more  oonwiB 
when  the  excretion  b  interfered  with  by  nephritis  (v.  Noonkn.  iQc')* 
They  disappear  in  a  few  days  when  the  Jnig  is  discontintied.  Thr>'  ^ 
be  produced  by  any  iodin  compound,  e.;.,  iodoform;  but  probablv  xttif 
after  the  dissociation  of  the  iodid  ion.  Thty  are  generally  allributed  U 
Lhc  liberation  of  free  iodin  by  catbonic  aad,  sebaceous  secrctJoOt  ^ 
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There  is  no  good  evidence  for  this  view.     It  is  probably  incorrect,  for 
'it  is  difficult  to  conceive  how  iodin  could  be  liberated  under  the  conditions 
of  the  body;  and  similar  symptoms  are  produced  by  the  related  sulpho- 
cyanid,  from  which  no  irritant  element  could  be  liberated. 

Bruck,  iQOQt  claimetl  thiit  guinea  pig^  could  be  rendered  somewhat  b>-pcrscnutive 
to  iodida  by  the  injectiim  of  serum  from  hyi>erBensitive  patients.  This  was  not  con- 
£im]c<l  tiv  Cole.  igti.     Copaiba  was  also  negative. 

The  catarrhal  phenomena  can  be  MUt>pri.-sseri  in  one  In  three  days  by  the  administra- 
tion of  caldum  lactate.  4  (im.  per  day  (Velden,  1913);  but  the  continued  use  of  cAJdum 
may  have  drawbacks  which  probably  muke  it  inttd\'isable. 

lodid  Cachexia. — The  continued  administration  of  iodid  may  also  lead 
In  anemia,  emaciation,  lowered   tone,  mental  depression,  nervousness, 
insomnia,  nervous  tachycardia,  sexual  impotence,  etc.     The  phenomena 
^^  result  partially  from  the  catarrhs,  the  thyroid  action,  etc. 

^H      Acute  Effects  of  Intravenous  Injection. — Large  dose»  (a8  Gm.  Nal  per  kilocnm 
^Vproduce  death    in    twelve    to  thirty-&I.Y  hours,  with  symptoms  of  central  paralysis. 
^B Aub)|My  !ihows  pleura]  exudatiun,  often  with  pulmonary  cdL-ma  and  pericardia]  effusion 
^T  (Boenm.  1876;  Chiari  and  Januschke,  iqio).     Similar  effects  arc  produced  ft'ith  hypo- 
oenoic  but  not  with  oral  administration  (SBalitzcr,  tgoS).     The  symjitoms  arc  complex, 
and  the  statcmcnt-t  re^ardinK  central  actions  arc  contradictor)',  anu  prnbablv  untrust- 
worthy fBarbcra,  igoo;  Ji>dlbauef,  iqoj;  Heinz.  1S98).     Intravenous  injcctinn  is  also 
aatd  lo  paralyze  the  va^us  cndinf^s  and  to  lower  the  excitabiUty  of  the  depressor.     In 
Jrots  the  iodids  produce  rigor  and  acidity  of  the  muscles  (Stockcoan  and  Charterts, 
1901). 

H  Choice,  Administration  and  Dosage. — KJ  is  generally  preferred, 
^although  it  has  probably  no  real  advantage  over  Nal.  It-is  best  admin- 
istered freely  diluted  with  water  or  milk,  an  hour  after  meals.  The  dosage 
for  non-syphilitic  conditions  is  from  o..^  lo  2  Gm.,  three  times  daily.  In 
lues,  this  is  often  raised  lo  5  Gm.  or  more.  It  may  be  started  with  5 
drops  of  ihe  saturated  solution,  increasing  each  dose  by  i  drop  {1  gr.) 
each  day,  reducing  the  dose  if  iodism  becomes  severe.  In  syphilis,  one 
may  be^  with  doses  of  1.5  Gm.,  increasing  by  0..5  Gm.,  ever>'  second 
day.  Infants  tolerate  large  doses  (in  meningitis,  to  23  per  day;  A. 
Jacob!  J. 

Incompatibilities. — Iodids  should  not  be  used  with  calomel  or  hydrogen 

peroxid,  even  in  separate  prescriptions.    They  precipitate  heavy  metals 

and  some  alkaloids  (slrjxhnin).     They  are  incomjmtihle  with  mineral 

acids  and  oxidizing  agents.     Salts  nr  stiluijons  which  have  become  yellow 

^;hy  liberation  of  iodin  should  not  be  dispensed. 


PREPARATIONS  -lOnro 


A(U  Bydr'ufd.  OU ,  US.P.,  B.P.;  10  per  cent,  of  III.— ColorlesA  or  pale  yellow, 
odotleafl  liquid;  strongly  acid  taate.  Should  not  be  used  if  colored  more  than  pale  yellow. 
Dose,  0.5  C.C.,  5  minim-i,  U.S.F.;  0.3  to  o.O  c.c,  $  to  10  minims,  B.P.;  diluted. 

Syr.  Acid.  Hyttriod.,  U.S.P.,  B.P.—  i  per  cent,  of  HI.  Dosf,  4  cc,  i  dram,  U.S.P.; 
3  to  4  c.c,  .S  to  I  dram,  B.P. 

Ammtm.  JoJ..  U.S.P.,  NH  J. — Minute,  colorless,  cubical  crystals,  or  a  white,  granu- 
lu*  powdej",  odorless;  sham,  Aaline  taste.  Vcr>-  hygroscopic.  Incompatibilities,  as  Pat. 
lod.  Very  sol.  in  water  (1  ;o,6);  freely  sgl.  in  ale.  (i  '.^.j)  or  glyc.  (i  :  1.5).  Dote,  0.3 
Gm..  5  gr  .  U.S.P. 

{*Syr,  Ferr.  lod.,  U.S. P.,  B.P. — l-^ch  cubic  centimeter  is  equivalent  to  0.0515  Gm., 
OtSj  gr.  of  itKlin:  si-c  Iron  Preparations). 

'Potassii   icdidttm    (Put.  lod.l,  U.S.P. ,  B.P.;    KL— Colorless  cubical  crystaU,  or 

white  granular  powder,  faint  iodid  odor,  sharp  saline  taste.     Incompatible  ndtn  mineral 

soda,  oiddizini;  agents,  and  many  alkaloids.     Very  sol.  in  water  (i  lo-'});  sol.  in  aJc. 

(i:j3);  freely  so),  in  glyc.  (1  n).    Pbjb.  0.3  Gm.,  s  gr.,U.S.P.;  0.3  to  i.3Gni.,5  to  ao 

u 
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gr..  B.P.    A  I  :  I  solution  (r  minim  =  i  crainj  bcimvenicnl  fordibprnaing. 
in  sHo  <^'  water,  and  make  up  to  i  fla.  3- 

lin.Pot.  Ittd.  C.  Sap..  B.P. — i*pcrctnt.  of  KI  (IrTaUunal)- 

Uni.  Pol.  lad.,  B.P- — lo  per  cent,  of  KJ  (Irrational). 

'Sodii  lifdidum.  U.S.r.,  B.P.;  Nal. — Properties  and  dose  similMT  \o  KI. 
in  wttter  (t  :o.S5};  frevly  sol.  in  ulc.  (i  ii)  and  in  k^vc   (i  :  i). 

Strant.  lad..  U.S.P.,  Sri,  +  6H,0.— Very  sol.  in  wilcr  (i  lo.ji;  »ol.  in  aJc. 
O.J  Cm..  5  gr. 


SULPHOCYANIDS  fRHODAHATES) 


These  produce  actions  resembling  ihc  lodids;  but  their  use  ha«  r« 
become  popular.     Thcv  arc  nul  dissociated  into  tyaiiids,  ajuj  are  relative  ^ 
non-toxic.     Their  normal  occurrence  in   the  saliva  is  interesting,  \s^ 
without  much  practical  siijmltcancc. 

lodid  Effects.— NoSCX  influences  the  aggregalion  <A  colloids  in  the  uunc  way  aa  fc     ~^-^if*>**^ 
iodid  ion,  Ix-inj,'  even  somewhat  more  solvent.    Thia  analo]^  9U^c»ted  a  *hfrtapcu»-*"^^^^2[|<l 
Irial.     In  the  limited  number  of  caMrs  in  which  it  has  been  tested,  li  was  found  t •>  afiw'*^  "^^Ir^a 
neuroses,  arteriosckTo^»,  and  3>'philis  in  a  manner  analogous  to  tJie  itxlid.-i.  bcioj;  e\-'^ 
somtwiial  stronjicT  (Piiult,  1903  and  igto).     It  also  haslcnrd  the  elimination  of  tacU^' 
— perhaps  by  rendering  the  mclal-protcin  compoands  marc  salublc.     It  rcwmble*  t» 
iodids  further  in  nnxlucinK  cnrvra,  acne,  and  otncr  symptoms  of  lodism.     CoH" 

kobfterved  no  results  in  tuberrulowsi.     NerkinR,  igr,^.  reports  many  disaprerjit '. 

(«»pecially  in  gastric  hyperacidity.      .-X  conspicuous  didcrencc  from  iixlid^  lie*  ir.  1  .-.    .»-  ■ 

I  that  it  does  not  act  on  the  thyroid  gland.  It  was  used  as  the  sodium  luifacyanid.  - 
the  maximal  dose  of  i  Gm.  (t;  gr.)  per  day.  This  salt  Lt  quite  soluble  in  water.  T'^ 
potassium  salt  could  nrubuliIylH.-  usrd  in  lliv  same  dose. 

Toxic  ActkMU. — Ttic  earlier  authors  (CI.  Bernard,  etc)  considered  the  8Ulnhrtc>-*ni5  « 
as  relatively  non-tnxic;  and  a$  mentioned,  Ihcy  have  Iwen  u-^i\  llienii>eutical|\  .  ■  •  • 
doses.     F.  Fnuu,  iqia,  confirms  that  no  c^'anid  is  split  off  in  the  animal  .  jami 

Intra  venous!  y,  ver>'  large  doM.-^,  o.oS  (Jm.  per  kilojiTam,  pr^xluce  no  t..  "  '^'^"*'*BriMi 

liven  o.3*i  Gm.  per  Kg.  intravenously,  prwiutrs  prai:tiinlly  nnellect  011  1  .  « -*  "^^J^j 

or  reapiralion  ur  bile  and  urini;  flow  ((iie»i,  IJcb,  and  Kalm,  1914I.     No  cin-.  ii  ..  -nU.  »  f  «_».^Ma 
in  man  from  the  contmuous  administration  of  Vj  lo  j  t-j  grains  per  day.     The  mininrt*  «  *|*|" 
fatal  dose  by  vein  for  rabbits  is  placed  by  Corper,  igis.as  o-A  100.6  Gm.  t-n  l.iiii-jr.it.^''*^?*™'?" 
By   mouth    there  were  only  the  local  salt  actions.     Lodhuiz,  1905,  •!  ..<;«:».^      f*{** 

elTcct-s  from  K.SCN,  which  must  have  been  due  cither  to  the  potassium  m  ■rC-'  *  *"*^ 

Occurrence  in  Saliva.— Sulphocyanid  is  found  in  the  human  i>arotid  and  bu bntAgc- ^ ^T?"?," 
Iar>'  saliva,  but  not  in  all  individuals;  alsit  in  the  saliva  of  manv  animals  "•>!  in  does  %i.^^    ^^m 
horses.    It  is  abMrnt  in  new-bom  infants  (Rittershain^;  also  tn  suppurative  micMlr-i^  _-;»Bc«v 
disease  (Jueiigens,  ii>oi).     It  is  found  in  oiIut  nuicos^e  (naMi,  conjunctival,  );&strWv~s  *  *tr*-,i. 
It  is  excreted  quantitatively  in  the  urine  and  (ece*  (PoUak,  if>oa;  A.  Me),'cr.  ivoi),  |frf»**  ^^*^''''" 
ally  in  the  pruiwrtiuu  oi  it  (Gics  and  Kahn,  iqi  iK     In  di-'i;s  iu  which  it  is  absent  It\^~*  ■    '"^ 
the  saliva,  it  occurs  in  tJie  blood,  liver,  intestines  and  urine  (Kahn  igii).     In  dujb«_*  -•■^mi*/ 
dogs,  it  is  present  tn  the  urine  to  the  extent  of  0.0D1  per  rent.:  in  the  blood,  o-ooj  B       ^J  Ff 
cent.;  in  the  bile,  from  nntlting  to  0.033  per  cent.  {Gies,  Ucb  and  Kahn.  1914).     t        ^    ,  '^'<* 
t|uantity  depends  on  the  available  supply  of  CN  radicals.     It  is  formed  when  H' 
ia  administcreil,  cnnstituling  a  ihemical  disin  toxica  turn   merhoni-im.     Iliquanti: 
increased  by  tobacco  Bmokp.,  which  contains  HCX.     It  is  also  increased  by  Irrdv  .*— ^u«f 
amimi-ackU  (alanin)  and  ucetonitrile;  n-ii  with  >ulphur,  sulphid,  ihiourra  or  taurls.  '' 

is  probably  reduced  from  the  protein  in  the  liver  (Kahn),  the  saliva  bein^  rorrely      "^*^tt 
excrctorj'  channel  (Souza,  igo;).     lu  content  in  the  saliva  ^la^  no  rdatino  to  toc^  ^tA 
decAy  (Lotlirop  and  Gies,  191 1).    The  quanlilics  present  in  the  mouth  could  not  h^^^*'» 
on  anti.fcptic  cflect  (Gles  and  Kahn,  1011  and  1013);  altliough  sulphor)atiid  it  Uittcr^^^'o 
higher  plants;  Jind  in  peater  concentrations  also  to  bacteria.     Sulphoi*>-aiiic  add  i^^^y 
to  0.4  per  cent)  inhibits  the  gastric  digestion  of  fibrin  (Cavazaam,  IQIS)*     A  caafk^''*' 
hensi\-c  tvview  of  the  literature  is  given  by  Kahn.  iqi  2. 
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POTASSIUM    CHLORATE  ^0^ 

NITRATES 

Potas^um  nitrate,  Saltpeter,  was  formerly  used  as  a  cardiac  depressant 
in  fevers,  etc.;  it  is  now  recognized  that  ordinary  doses  do  not  possess 
this  action.  Its  efifects  are  simply  those  of  a  neutral  salt;  somewhat  more 
irritant  to  the  gastro-intestinal  tract,  and  somewhat  more  diuretic  than 
NaCI.  It  has  practically  fallen  into  disuse.  Accidental  poisoning  from 
large  doses  is  not  uncommon.  It  presents  the  phenomena  of  gastro- 
enteritis, similar  to  those  of  all  other  soluble  indifferent  salts.  These 
may  be  serious,  especially  if  it  is  swallowed  undiluted. 

Fate  and  Excretion. — Nitrates  are  readily  absorbed.  Their  excretion  is  similar 
to  that  of  the  halogen  ions,  and  shows  the  usual  mutual  relation  (Sollmann).  Practi- 
ally  the  entire  quantity  is  excreted  unchanged  (Abderhalden  and  Hirsch,  1913);  buta 
im^  proportion  may  be  reduced  to  nitrites.  This  reduction  takes  place  so  slowly,  in 
Jie  case  of  the  inorganic  nitrates,  that  no  nitrite  action  can  ordinarily  be  seen;  but  very 
aige  doses  may  cause  methemoglobin  formation  (Binz  and  Gerlinger,  1901).  Metab<>- 
ism  studies  have  given  contradictory  results  (Grafe  and  Wintz,  191^). 

Normal  urine  contains  o.  i  to  0.4  per  cent,  of  KNOj.  This  is  considerably  more  than 
s  ingested  with  the  food,  so  that  a  part  must  be  formed  as  an  end-product  of  metabolism 
;H.  H.  Mitchell,  Shonley  and  Grindley,  1916). 

Toxic  Symptcnns. — These  consist  in  great  abdominal  pain,  vomiting, 
"requently  bloody  stools;  irregular  pulse,  convulsions,  and  collapse;  sup- 
pression of  urine,  or  that  passed  is  albuminous  and  often  bloody.  The 
^troenteritis  may  be  so  violent  as  to  lead  to  an  early  fatal  ending.  Of 
Jie  salts  so  far  studied,  the  potassium  nitrate  is  by  far  the  most  violent; 
JO  Gm.  (i3)  may  be  fatal  if  taken  in  concentrated  form. 

Smaller  doses,  long  continued,  cause  a  hemorrhagic  tendency,  edema,  and  fatty 
leart  (Fackelmann,  1898). 

The  treatment  would  consist  first  in  dilution,  since  they  act  only  by 
rirtue  of  their  concentration.  Large  quantities  of  water  should  be  drunk 
md  the  stomach  washed.  Demulcents — milk,  egg  white,  acacia — are 
dso  useful.     The  symptoms  should  be  met  as  they  arise. 

PREPARATIONS — NITRATES 

Potassii  Nilras  (Pot.  Nit.),  U.S.?.,  B.P.  (Niter,  Saltpeter),  KNO,.— Colorless,  trans- 
larent  prisms,  br  white,  crystalline  powder;  saline,  cooling  taste.  Freely  sol.  in  water 
i:  2.8);  very  slightly  sol.  in  ale.  Dose,  0.5  Gm.,  8  gr.,  U.S.P.;  0.3  to  1.2  Gm.,  5  to  20 
T.,  B.P.;  diluted. 

Soda  NUras  (Chili  Saltpeter),  NaNO». — Freely  sol.  in  water  (1:1.1);  sol.  in  ale 
1 :  100).     Dose,  as  Pot.  Nit. 


POTASSIUM  CHLORATE 

General  Statement — A  saturated  (1:16)  solution  is  used  as  an  anti- 
eptic  and  astringent  mouth  wash  in  stomatitis,  especially  mercurial  and 
ilcerative;  and  as  a  gargle  in  pharyngitis  and  tonsillitis.  It  often  seems 
o  be  effective,  but  its  action  is  unexplained.  It  was  introduced  with  the 
dea  that  it  would  act  as  an  oxidizer,  and  thus  be  antiseptic.  However, 
t  does  not  part  with  its  oxygen  in  the  body,  being  excreted  practically 
inchanged. 

It  should  not  be  employed  internally,  since  this  has  repeatedly  led  to 
erious  toxic  effects  (A.  Jacobi,  1879) ,  especially  by  the  production  of  methe- 
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moglobin  and  destruction  of  the  corpuscles,  thrombosis,  etc.    Patients 
should  be  cautioned  apainst  swallowing  the  gargles.     The  popular  tahleu 

are  to  be  condemned, 

SxcreticHU — Chlorates  tut  excreted  mainly  by  the  uriae,  but  partly  also  by  Ott 
«aiiva.  The  urin3r>'  excretion  besins  promptly  and  is  completed  within  forty-ci|^t 
hours,  ibout  90  ikt  cent,  of  the  chlorate  biding  recovered  (KtKcnbloom).  A  Kn»t  deal 
of  this  is  reduced  to  chlorid  after  the  urirn:  is  voided.  It  is  doubtful  whether  this  rrduc- 
tion  occurs  ordinarily  in  the  body,  BronuUfS  are  partly  reduced  in  the  tissua,  ami 
iodaUs  intcn-iivcly,  when  given  by  mouth,  but  not  when  administered  hsrpodenmcaUy 
or  by  vein  [Oespnlani,  it^oq). 

The  distribution  oi  faul  doses  has  been  studied  by  Rosenbloom,  1913. 

Blood  Changes.~When  the  chlorates  are  added  tn  bhKMi,  either  inside  or  outside  the 
body,  they  elTect  Xht  formctioH  of  m^tftemoglabtH.  The  chlorate  ion  U  not  used  up  in  thii 
process,  <rii  that  it  may  convert  an  indefinite  umuunt  of  hcrnuglobin-  They  differ  in  this 
respect  from  the  nitrites  f<ec  inde:<c'|.  and  their  actinn  h  inconsequence  more  violent 
and  marc  prolonf;ed.     Th^y  may  in  this  way  produce  on  actual  a.«ph>'Tia. 

In  addition  to  this  formation  of  metherac^lobin.  the  chlorates  break  up  the  Noad 
corpuscles  (lluber,  nju).  This  may  produce  embolism;  the  proteins,  etc.,  which  an* 
liberated  by  the  destruction  of  the  corpuscles  arc  irritant  to  tne  kidneys  and  produce 
interstitial  nephritis,  with  the  usual  phenomena — proteins  in  the  urinr,  casts  sotnedms 
hemoglobin  compounds.     Po&sibly  the  chlorate  ion  itself  irritates  the  kidneys. 

Fat  embolism  of  the  lung%  and  other  organs  are  also  of  frequent  occurrence,  at  least 
in  animals.  They  oriRinalc  from  the  bone-marrow.  The  blood  contains  numerous  nor- 
moblasts. Fragmentation  of  the  heart  muscle  is  a  frequent  cause  of  death  CWinofndow, 
1907)- 

Methemo^obin  Formation  by  Chlorates. — The  blood  of  different  animals  ahowi  a 
different  dej;rcc  of  susceptibility  for  the  methemoKlobin  formation.  The«e  differences 
are  common  with  alt  poiwns  acting  on  the  blood,  especially  as  between  carnivorous  and 
herbivorous  animals.  The  cause  is  not  understoid.  but  is  perhaps  connected  with 
differences  in  the  alkalinity  of  the  body.  The  conversion  occurs  fairly  readily  intra 
vUam  in  man,  dr>^,  and  cat,  while  rabbits  and  guinea  pigs  are  almost  immune.  But  in 
the  test-tube  chlorates  convert  rabbit's  blood,  although  more  slowly  than  do^V  The 
action  is  much  slower  outside  uf  (he  b<>dy,  often  requiring  several  hours. 

lodatea  and  Bromates  ha^-c  a  similar  action  on  hemoglobin  (Heinz,  1898). 

Potassium  Chlorate  Poisoning. — This  is  fairly  common,  either  by  an 
overdose,  since  the  laity  does  not  generally  regard  it  as  a  toxic  substance;, 
or  by  the  swallowing  of  some  of  the  solution  given  for  gargling. 

foloi  Dose  and  Courts.— "The  susceptibility  varies  greatly  and  thtft  l4  one  of  the  prio 
dpol  dangers.     The   variation   mAV  be  due  lu  differences  of  absorption  and  excretiott_ 
embolism,  etc.     Jn  general,  ro  Gro.  may  be  considered  as  tonic.  15  to  30  Hm.  as  fa    ~ 
(Lewin).     The  mortality  h  about  70  per  cent.     The  symptoms  may  start  at  once  or 
delayed  to  six  hours;  death  may  occur  in  six  hours  to  seven  days. 

Symptoms  of  Poisoninf^. — These  consist  in  gastritis  (nausea,  vomiting 
g^sti^lgia);  methemoglobinemia  (cyanosis,  colTap.se  and  terminal  con\-uI- 
sions);  and  nephritis  (lumbar  pain,  anuria,  albumin,  casts,  blood,  etc)* 
The  postmortem  findings  correspond  with  the  symptoms. 

Treatment. — This  consists  in  gastric  lavage,  hot  drinks,  and  » 
ma  tic  measures. 

PBEPARATIONS — CHLOKATE 


white  I 
Qcarh 
when 
B.P. 

Trofh.  Poi.  Cklorat.,  U.S.P.     0.15  Gm.,  34  gr.:  B.P.,  o.»  Gro.,  3  gr. 

Sod.  Ckioras.,  NaQOi, — Freely  sol.  in  water  (t:i);  soL  in  olc.  U^'oo). 
PoL  Chloru.  • 
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These  act  similarly  to  chlonites,  but  are  coiuidersbly  more  toxic,  mainly  by  central 

Btis  iSantesson  and  Wickbcrg.  1013).     They  form  methemoglobin  in  n>o,  but 
actively  as  chlorates  (v.  Mehring,  1H85;  Cushoy,  1908). 


METHEMOGLOBIN  FORMATION' 


Methemoglobin  trontains  the  same  amount  of  oxygen  afioxyhemoplobin,  but  in  diflerettt 
combination,  so  that  it  in  hrld  rmire  6rmly  (except  against  certain  reducini^  agents; 
HaldaDc).  The  two  hcmogiobin  compounds  therefore  diHcr  essentially  in  certain 
of  theirpropertie^: 

I .  The  Kpectrum  (see  Fig.  39).    The  color  of  methemoglobin  has  more  of  a  browni&h 


Ked.  Orange.  Yellow. 


Green. 


Blue. 
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t'lti.  29. — Spectruwoinc  baadi  ul  1>1oik1  pigment*. 


3.  In  tne  readinesa  with  which  Ihcy  give  up  oxyRcn.  While  the  oxyhemoglobin  ifl 
a  very  unstable  compound.  f^ivinK  up  it^  oxygen  and  tai:in;<  !t  a^ain,  with  great  readiness, 
Dketherooglobio  is  a  comparatively  stable  and  unchangeable  compound. 

3.  In  tbei  behavior  to  ctTtain  reagents.  For  in&tance,  HC\  does  not  form  any 
characterifttic  compound  nnth  oxyhcmoRlobin,  but  with  the  methemoglobin  it  gives 
c>'anmethemoglobiD.  Similar  compEiunusi  are  formed  with  HfOi.  sulphocyanidis  and 
many  other  &aTt^.  and  also  with  alkalies 

t  Methemoglobin  may  be  formciE  from  cxyhemoglobin  in  f(uite  a  number  of  d.fIcTent 
I.  By  oxidizmg  agents:  Polassuum  chlorate,  ferricyuntd.  jiirrmuagunatc.  HiO.,  etc. 
3.  By  reducing  agents:  The  nitrites,  hydroxylamin,  formalin,  iiidin,  cltrysarubin, 
c.;  coal-tar  products.  (Phenylhydraiin  o!wj  givcj  rctlutcd  iKmuglubin,  and  destroys 
some  of  ihe  hcmoKldtiin  absolntly.  producing  a  new  compound  which,  und  r  certain 
ittiorLS  yields  a  green  pigment.  hemnverdin.J 
5.  la  the  early  stages  of  putrcfactioo,  and  by  the  bction  of  light. 

4.  By  salts  and  glycerin. 

5.  By  adds  fthis  had  recently  been  deniedj. 
The  phyMologit  significance  of  thifi  methemoglobin  formation  rest*  on  the  stability 

the  compound  and  its  con&cquent  inability  to  carrj-  out  the  functions  of  oxyberao- 
xlobln.  Tiiis  pi(»duc«rs  asphyxia  of  the  ti^.'soes.  Pure  methemoglobin  oluiions  may 
be  injected  into  th:  blood,  n-ithout  causing  any  symptoms.  Even  he  uxtDC  remainB 
free  fr*>m  albumin  or  methemoglobin.  The  compound  is  in  part  accreted  by  the  bile, 
ID  part  deposited  in  the  hematopoietic  organs. 

Nor  is  the  ttmporary  conversion  of  a  con.siderabk'  pruixirtion  of  the  oxyhemoglobin 
into  ita  isomer  of  great  significance;  for  methemoglobin  is  not  absolutely  stable,  and  as 
'Pert  BlbUography,  *«e  BennlkvntJ,  Arvhiv  fftr  Phruohvw,  itpT,  p.  aio. 
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soon  as  the  oxygen  star\-atioQ  of  tbe  tissues  h  carried  to  a  certain  degree,  they  seue 
upim  the  mcthcmoRlofjin  and  dtrcumposc  il.  The  conversion  of  a  Oiird  of  tbc  hemoAt- 
bin  into  racthemofilobin  causi-s  imty  very  i>\\Rht  symntoms;  and  life  is  ^tiU  ptMsiblc  WBOl 
thrcc-i'iflhs  of  lilt-  hcmoslobin  has  been  replaced,  l-ife  becomes  t-xiinct  when  the  hand* 
glohin  hiif.  sunk  to  one-third.  The  condition  can  therefore  become  dangeroas  cyJy  if 
the  methemoftlobin-former  continues  its  action.  This  does  not  occur  in  the^^>eatic 
doseA  of  any  of  thc»e  dru^s  but  may  coDtnbuLe  to  the  fatal  ending  in  caxi  of  poisooiof. 
The  symptoms  are  1hu^e  of  ar^phyxia.  There  is  a  peculiar  blue  tint  about  the  li^»>  am 
finger-nails,  etc.  The  mcthc-moglDbin  graduallv  returns  to  oxy-  or  reduced  hcmoglobu 
after  death,  so  than  an  exuniinatinn  after  evemi  days  may  fail  to  reveal  il>  presence- 
Most  of  these  drugs  tran.sfurm  the  hemoglobin  inside  o(  the  corpu»cl«,  witbout 
injuring  the  vitality  of  the  Utter;  but  some  cause,  in  addition,  a  breaking  up  of  Ihc 
corpuscles,  and  this  greatly  increa:>cs  the  danger.  Aside  from  the  asphyxia  which  must 
be  proportioned  to  it,  the  proteins  and  otiier  substances  liberated  cause  injury  to  the 
kidney — albuminuria,  glycosuria,  methemoglobinuria.  etc.  Il  is  also  claimed  that  it 
causes  the  sudden  formation  of  fibrin  ferment,  which  may  then  cause  extensive  intra- 
vascular clotting.  The  dc'bris  is  also  credited  with  causing  emboli.  But  Ihof  i»cU 
are  not  admitted  by  all  investigators.  Asmall  destruction,  such  ai  may  be  rauji^d  by 
the  subcutaneous  injection  of  glycerin,  certainly  has  no  permanent  injurious  effect. 

The  specific  action  of  the  drug  is,  of  cour«,  joined  to  the>e  metheniiiglobin  efTectj, 
and  may  entirely  overshadow  I  hem.  Thus,  rabbila  die  uf  KCIUj  before  it  comes  to  any 
methem^):L;l(>bin  formation.  Herbivorous  animals  are,  as  a  rule,  much  le^  subject  to  the 
formation  of  mcthcmoglobin  during  life,  although  their  shed  blood  docs  not  differ  in 
this  respect  from  that  of  carnivorous  unimaU.  The  cauw  lies  perhaps  in  the  erealer 
Alkalinity  nf  their  blood,  for  it  ha.s  been  found  that  alkali -met  hemoglobin  is  much  more 
easily  converted  back  into  oxj'hcnicglobin.  The  injection  of  alkalies  has  therefore 
been  suKgested  in  the  treatment  of  tnethemuglnbinemia.  Other  treatment  cuniirts 
in  the  administration  of  oxygen,  artificial  respiration,  and  shock  treatment. 


THE  REACTION  OF  THE  BODY  (REMOTE  EFFECTS  OF  ACIDS 

AND  ALKALIES)' 

General  Statements.^Thc  H'^  J  ions  of  adtia  and  OH*^"'  ions  of 
part  readily  wilh  iheir  electric  charges,  and  thcrefare  alter  ihc  slate 
colloids.     In  this  way,  and  also  by  direct  chemic  changes,  they  produ 
extensive  aUeralions  in  the  functions  of  cells,  which  would  be  rapidly 
falal  if  ihey  cxn^rd  a  ceriain  dnrrcr. 

Actual  Potential  and  Total  Acidity  and  Alkalinity.'— These  effects 
produced  only  by  the  di.swciatcd  ions,  which  rq>rescnt  the  actual  aciditj 
and  alkalinity.     The  activity  of  an  acid  or  ha.sc  depends  therefore  nof^ 
only  on  its  total  concentration,  hut  also  on  its  dis-socialion.     The  minera 
acids,/.!.,  which  dissociate  freely,  are  much  "stronger"  than  equimolecuUr 
solutions  of  Ihc  organic  acids  or  acid  salts,  which  dissociate  only  slightl)— <- 
Undlssociated  molecules  do  not  exert  these  actions  and  arc  practically 
inert  in  this  respect.     They  may,  however,  be  drawn  upon  lo  neutrali 
added  acid  or  alkali,  in  proportion  as  the  free  ions  become  combined,  an*- 
in  this  respect  are  equivalent  to  the  dissociated  ions.     They  may  thertfo 
be  considered  as  ^okntuil  acidity  or  alkalinity.     This  relation  was  formcrl 
not  understood,  and  this  has  given  rise  to  much  confusion.     The  ordina 
methods  of  titration  measure  only  the  total  acidity  or  alkalinity  (actual  — 

fjotenlial).     In  complex  fluids,  Uke  the  blood  or  urine,  this  bears  no  r^ 
alien  lo  the  true  actual  acidity.    The  actual  reaction  is  measured  by  l' 
electric  potential;  or  by  the  use  of  a  series  of  indicators  which  arc  otXL 
affected  by  certain  concentrations  of  free  H^""  or  OHt">  ions  (Socrensc 

■Thr   IqckI  ftctions  of  eonccntniled  acida  u»d  Klkattcs  an  doKOMcd  nndar  "Looat  I: 

*Ai]v>nred  •tudmitiireadviMd  lorontult  ih«  book  of  Mictupl>&,"Div  W, 
tration."  lotS.  for  m  (uIIct  pmctiUtion  of  ihe  subjerx  arw!  drUikd  data. 
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I  or  by  determining  the  velocity  of  certain  reactions  (inversion  of  cane-sugar, 
saponification,  etc.),  wtilcli  depend  on  the  H^*'  or  OHt~> .concentration. 
Hydrogen-ion  Concentration. ^Thc  actual  reaction  is  also  termed 
the  true  reaction  or  H-ion  concentration.  Il  is  generally  expressed  in 
reciprocal  logarithms  (as  the  "hydrogen  exponent,"  "p"  *'/.!.,  a  solution 
cnnlaining  1  molecule  of  dissociated  H^*"'  in  10,000,000  L.  (i :  10')  Is 
said  to  have  the  H^^'  concentration  of  7.0  (also  written  ^H  =  7),  etc.  This 
constitutes  tieairality,  since  water  dissociates  at  25°  so  as  to  contain  H'** 
and  OH*~*  ions,  each  in  the  proportion  of  io~'.  An  increasi:  of  H  ions 
means,  of  course,  a  relative  diminution  of  OH  ions  and  vke  versa. 

This  ^>-stcm  of  not.^tioD,  although  convenient,  i*>  al  first  somewhat  confusing.  It 
must  be  remcmbertrcj  ilui  Ht*'  =  6  (really  io~'}  means  a  higher  acidity  than  ll"' I  — 7 
(really  10"')-  The  uddily  U  therefore  inverse  to  the  number.  Also,  since  lognrilhms 
■re  uAed,  K^'^'  =3  mean.s  an  Acidity  1,000  times  aa  great  as  H(*)  =  6;  not  twice  as  great. 

The  following  coay  perhaps  xrve  to  render  the  subject  clearer: 

N 


,ilt    -   -acid 


pH7 


X 


r, 000,000 
-  Neutrality 

N 


add 


alkali 


1.000,000 
pill  4  =  —  alkali 

JO 

The  older  notation  is  simpler,  but  less  tonvenicnt;  i.r..  H**)  •  a  X  to"'  denotes 
,    tiwe  as  great  acidity  as  i  X  lo^';  0.5  X  10',  onc-balf  as  great;  etc. 

H  Actual  Reaction  of  the  Body-fltuds. — The  normal  reaction  of  ihc 
tissues  and  fluids  within  the  l>ody  proper  is  very  near  neutrality,  inclining 
a  trifle  lo  alkalinity  (H:*)  =  about  7.1  to  7.8).  The  gastric  and  iiili-slinal 
juices  and  urine  are  the  only  fluids  in  higher  animals  which  de^wirt  from 
this  rule.     The  neutrality  of  the  blood  is  maintained  even  in  acidosis — ■ 

t although  the  cells  where  the  pathologic  acid  is  formed,  probably  develop 
an  increased  acidity,  which  is  supposedly  responsible  for  the  symptoms. 
Normal  li\'ing  cells  have  an  alkaline  or  neutral  reactJon,  judging  by  inira- 
vitam  stains  (A.  V.  Mathews). 
Rftactioa  of  Normal  Blood.— The  IIC*)  of  fresh  defibrioated  blood  Is  very  weakly 
Kikaiinc,  almost  nculniE.  U  is  stated,  for  instunce,  as  o.  j  to  0.7  X  to~'  (Fricdcalhal, 
1904).  u'f  =  7-45  for  arterial,  7.,^  for  venous  (I[a<»elbach,  iQii);  7.610  7.8  fur  human 
■crum,  7-4  to  7.6  for  oxalalcd  blood  (Levy,  Row-nLrce  and  Marriott,  1915).  at  air  lem- 

Seratiire;  at  37'*  the  ulkulinity  would  lie  about  0.1  higher.  Similarly,  excessive  ventila- 
^^  00  of  the  lunjf*  w-ith  air  or  oxygen  lowers  the  li  conccntmlion  of  the  blood,  whereas 
^Bcxcc:»»ive  venlilatiuii  with  COv  ini:re»:^->  it  (Milroy,  io>-l)-  Thi*  COj  tension  ha»  ^ome 
^''iRducnce,  so  that  venou^i  blood  Is  u  little  less  iilkalinc  thnn  1trteri.1l. 

PalhoLtfic  Blood. — Levy,  ct  al.,  found  the  reaction  of  the  serum  in  sixty  miscellaneous 

medical  ones  to  be  normal  (,H  7.6  lo  78);  the  whole  blood  was  also  nearly  unclianKcd 

[^1  7.1  to  7.3).     I-'ven  when  symptoms  of  acidosis  are  present,  tJic  alkalinity  is  but 

illiedccrcasedC^ofiierura,  7.2  to7.5;LcvyelaI.     Under  alkali  therapy,  this  i?  restored 

rd  normal. 

^  _    I  diabetic  coma,  Benedict,  ipo6,  records  on  extreme  change  to  i.j  X  io~'.    Maad, 

^Vi3t  ftod  Van  Slykc,  tijis^  found  pracUcally  no  change,  eicccxil  ju»t  before  death  <7.ii. 

Huel);  van  Slyke.  howev-er,  ob^irved  that  the  addition  of  UCI  to  acidosis  blood  raises 

■  its  R  concentration  much  more  than  when  added  to  nnmial  blood.     The  essential  blood 
chaogc  of  acido^s  is  therefore  the  diminution  of  the  reserve  alkali. 
In  nonnal  animals,  feeding  n-ith  ucid-i  or  alkalies  has  practicalty  no  effect  on  the 
H  cuncentratiyn  of  the  blood.     Intravenous  injection  of  acid  into  dogs  or  rabbits  pro- 
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duces  air  hunger  when  fH  7.65  is  reached;  death  occun  nith  6.9  (Levy.et  al.,9  x  io~* 
Szili,  1906).  At  the  other  extreme,  concentratioiu  above  >H*  are  probably  also  ratal 
(Rowntree). 

Other  Body  Fluids. — With  the  excqitions  noted,  these  have  about  the  same  reaclion 
E5  the  serum  (Fricdcnthal,  1901).  Hanzlik,  1914,  found  cercbro-spinal  to  range  between 
pH  6.98  and  7.3;  (rtr^h  bile,  6.9$  to  7  iS;  edema  fluids  und  pk-uritic  fluids,  about  7.1; 
ascitic  fluid,  7.43.     On  standing  outside  of  the  body,  many  of  thv^  fluids  become  acid. 

The  saliva  lias  6.g  (MicheaUs  and  Pechstcin,  1914);  milk,  about  7;  intcslinal  juice 
about  S;  gastric  juice,  about  1.77  (Michaclts,  IQ14;  where  further  data  may  be  found). 
The  H  concentration  of  the  Usnucs  generally  must  be  somewhat  higher  than  the  blood, 
Mnce  they  supply  the  acid  that  is  excreted  by  urine  and  lungs. 

Hurwite  and  Tranter,  1016.  found  the  alkalinity  of  the  cfrehrotpiHol  fluid  conslantly 
somewhat  higlu-r  than  the  bt'Kxl  (average  pH,  fluid,  8.11;  bloud,  7.04;  difference,  0.45). 
Tlus  normal  reaction  wo.*  not  changed  in  any  stage  of  syphilis. 

Retction  of  ITrine.— This  usually  im  line^  toward  actual  oddity,  the  normal  raosc  in 
man  being  Ht'^'-j-ij  to  7.46;  the  average  about  6.03.  (The  acidity  is  greater  after 
fasting  and  perspiration,  llaslcins,  iQr4}.  It  exceeds  5.0  in  le<s  than  t  per  cent,  and  5.J 
in  le^  than  10  per  cent.  In  mo»t  diseases,  the  acidity  averages  distinctly  higher;  io 
cardiac  disease,  about  4.gi.  Tlie  highest  acidity  so  far  reported  is  4.7  (L.  J.  ncndersoo 
and  pupils,  1914).    The  reaction  U  determined  mainly  b^-  the  ratio  of  phosphatfcs. 

Administration  of  Acids  and  Alkalies  on  Urine.— Acid  sodium  phosphate  raises  the 
acidity,  especially  if  the  urine  was  previously  alkaline;  but  the  adaity  ones  not  vurpaja 
the  normal  limit  (H(*>  raised  from  6.7  lo  5.3;  Henderson  and  Palmer.  1913;  fr'jm  ?.» 
to  4.S5,  Hanzlik  and  Collins,  iQtj).  .\lkalics  increase  the  alkalinity  sttmewhat  t^eyood 
the  normal  range  (ra  to  40  Cm.  N'aHCOi  per  day,  H<'*')  -8.7  Hendenon  aad  Palmer. 
4  Gm.,  change  from  6.5  to  7.4,  H.\n/.lik  and  Collinji).  Sodium  dtrate  also  makes  the 
urine  somewhat  alkaline  (7.3  to  7.4,  Hanslik  and  CoUins). 


Regulating  Mechanisms. — Metabolism  leads  to  the  production  </ 
adds  (carbonic,  lactic,  sulphuric,  phosphoric,  etc.)  which  would  tend  to 
increase  the  acidity  of  the  body.  However,  the  maintenance  of  the  normal, 
nearly  neutral  reaction  is  so  highly  important  that  il  is  regulated  with  the 
greatest  nicety  by  the  use  of  several  mechanisms.  The  carbonates  anA 
alkaline  phosphates  of  the  blood  and  tissues  constitute  a  stock  of  potential 
alkali ;  and  the  carbonic  acid  and  acid  phosphates  of  potential  acid.  Th* 
are  sufficient  to  neutralize  at  once  all  ordinary  attempts  to  change  tt 
actual  reaction.  The  amphoteric  character  of  the  proteins  permits  the 
to  neutralize  a  limited  quantity  of  either  acid  or  alkali.  The  admini 
tration  of  acid  or  alkalies  by  mouth  therefore  does  not  change  the  (Utt 
reaction  of  the  blood  and  tissues,  but  only  the  ^o/frt/ia/ acidity  oralkalinit  -^"-^y* 
The  ammonium  formation,  and  the  excretion  by  the  urine  and  lun^^-tf"^ 
finally  restore  the  e((uilibriuni  of  jwlenlial  alkali. 

Neutralization  in  the  Alimentary  Can&L^Ncithcr  adds  nor  alkalies  il^^    ^' 
absorbed  unchanged  from  the  alimcntarj'  canal.     The  alkalies  (includi*  i  f^ 
the  carbonates)  are  neutralized  by  the  HClof  the  gastric  juice.     Or  if  giv»-- 
in  larger  amounts,  they  enter  into  loose  alkali -^o/^i'ii  covtbinalions  befac:> 
they  reach  the  blood.     The  adds  undergo  a  similar  change,  or  if  ihey  a^ 
not  entirely  absorbed  before  entering  the  intestine,  they  are  there  neutrs  "»  -■' 
ized  by  the  carbonates.    The  immediate  effects,  then,  would  consist  onn 
in  altering  the  reaction  of  the  alimentary  canal. 

(Concentrated  acids  and  alkalies  produce  corrosions  by  direct  cheti«»-" 
actions.    These  local  effects  were  considered  under  Irritants.) 

Neutralization  in  Uie  Blood. — It  is  difficult  to  alter  the  reaction      ^^ 
blood  even  in  vitro.    Fricdenthal,  1903,  showed  that  serum  requires,  ( 

secureagivettchan(jeofreaction,lhirty  to  forty  times  as  much  NaOH,  a — *«oh 
327  times  as  much  HCI,  as  would  be  needed  in  water.    This  ■labil^-'jp 
is  due  to  the  presence  of  the  salts  of  weakly  dissociating  adds,  which  Mrmnjt 
the  Hberalion  of  H*"*"*  ions  to  practical  neutrality.    This  property     * 


THK   BEACTION    OF    THE    BODY 


713 


I 


especially  marked  with  phosphates  and  carbonates,  which  arc  important 
constituents  of  the  serum.     The  proteins  act  similarly. 

If  H^*^  ions  are  added  to  such  a  system,  ihey  wiU  be  expended  in 
liberating  the  weak  acid  from  its  salt;  and  since  the  weak  acid  is  not  ionized 
in  the  presence  of  its  salts,  the  actual  reaction  will  be  practically  unaltered. 
If  OH*~^  ions  are  added,  they  will  be  expended  in  neutralizing  the  free 
weak  acid;  and  thus  will  also  leave  the  actual  reaction  unaltered.  A 
notable  change  in  the  true  reaction  can  occur  only  after  enough  acid  or 
alkali  has  l>ccn  added  to  neutralize  or  liberate  all  of  the  weak  acid — 1.«., 
there  will  be  no  material  change  of  reaction  until  not  only  the  free,  but 
also  the  potential  acidity  or  alkalinity  has  been  overcome.  This  would 
require  quantities  of  strong  acids  or  bases  much  greater  than  it  would 
ordinarily  be  possible  to  introduce  into  the  U\'ing  body. 

I       So  fftr  OA  this  neutnilily  regulation  is  concerned,  the  blood  nuiy  be  considered  as  a 

,     .        -    IIjCO,         ,  XalltPO*.      .„.,..  .,     L      .       , 

soiulioo  ol  1-  ,t,^.~   antl  .,    „..„  .'     All  these  dissociate  »o  weakly  that  in»Dlution»  of 
INiaJIUUi  ^ajHrU* 

the  coQcrntrntinn  of  blood,  their  Hv*>  and  OH(~>  coacrnlniltoi).  KCpuratcly  or  together, 
would  be  pracUcally  that  of  neutrality;  i.e..  in  the  close  neighborhood  of  ro~'. 

If  an  acid  (MG)  were  abided  to  the  mixture,  it  would  react  with  the  isiltt.,  producing : 


HCI  4-  NaHCOi  -  NaCl  +  H,CO. 
HCl  +  Na,HPO*  =  NaCl  +  NaH,PO,. 


This  would  increase  the  ratio  of  HiCOji  and  NaH^POt;  but  tbesc  dissociate  so  weakly 
that  they  practically  leave  the  actual  rvactiun  urutfTccted.     Thr  Hi*)  concentration 
would  therefore  not  be  increased  until  all  the  N'adCOt  and  NajHP04  are  used  up. 
tf  an  alkali  (NaOH)  were  added  In  the  mixture,  it  would  react  as  follows: 

NaOH  +  II.CO4  -  H,0  +  NaKCO, 
XaOH  +  NaH,PO,  =  ir,0  +  Va,HPO«. 

Hiis  would  reduce  the  ratio  of  the  free  acids  HjCOiand  .N'aiHPO<;  but  since  these  adds 
were  practically  neutral,  this  does  not  afTert  the  actual  reaction  mntcrtaliy.  until  all  the 
carboDtc  acid  and  acid  phosphate  are  u&cd  up. 

Restoration  of  the  Potential  H'"^'  and  0H'~*  ions. — The  regulating 
mechanism  of  the  blood  is  important  for  protecting  the  body  against  sudden 
changes,  for  meeting  temporary  emergencies.  However,  this  impairs 
the  stock  of  potential  0H'~'  and  H'*'  ions,  and  therefore  would  not  furnish 
■Si  permanent  protection.  Other  mechanisms  are  called  into  play  to  restore 
the  normal  ratio  of  these  potential  ions;  mainly  by  regulating  the  excretion 
of  COj  through  the  lungs;  by  varying  the  reaction  of  the  urine;  and  by 
the  more  or  liss  complete  conversion  of  NH*  into  urea. 

Regulation  by  Excretion  of  COj.— Addition  of  acid  to  the  blood  liber- 
ates COt  from  the  bicarbonate.  This  increases  the  CO3  tension,  and  thus 
%ts  excretion  by  the  lungs.  The  increased  COi  tension  stimulates  the 
respiratory  center,  and  thus  hastens  the  elimination.  This  restores  the 
■lormal  ratio  of  H-COj  -r-  NaHCOj.  Conversely,  the  addition  of  alkali 
ciiminishes  the  tension  of  CO-  and  thus  its  excretion. 

Regulation  by  Combustion  of  Organic  Acids.— The  organic  acids 
arising  in  metabolism  arc  normally  oxidized  to  CO5  and  HiO,  and  excreted 
by  the  lungs  and  urine.  This  mechanism  is  disturbed  in  disease,  starva- 
tion, etc.,  and  then  gives  rise  to  acidosis. 

■  Michulia  and  Gxincadia,  igis.  tUie  tliv  noroMl  ratio  of  th«  pboiphain  in  btoodpluma  u 
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Regulation  by  the  Urine. — The  urine,  like  the  blood  contains  a  x^*" 
ture  of  acid  and  neutral  phosphates  (Orth  found  a  mean  of  ho  per  ceft  '^•'^ 
MH;PO*and  40  per  cent,  as  MjHPO*.  When  acid  is  introduced,  the  «r~»V» 
of  acid  phosphate  is  increased;  alkalies  increase  the  proportion  of  alk^^^^^^ 
phosphate.  This  elimination  of  the  excessive  acid  or  alkali  ioas  rai=3i^Vi 
restores  the  potential  acidity  or  alkalinily  of  the  tissues.  The  tlm  ms  0 
urine  is  also  increased,  so  that  acids  ami  alkalies  act  as  e(Tccti\'c  diuri  .  .^iv 

The  administration  of  acids  first  increases  ihc  P0»  excretion:  later,  th 

decreases  with  the  available  supply  of  these  ions  (Filz,  Alsberg  and  1    ^^U 
derson.  1007).     The  influence  of  nephritis  was  studied  by  Palmer  ai 

Henderson,  1915. 

Ai'id  an  Altiili  EurrtwH. — Seccht,  1014,  report*  ihAt  thp  ad minUt ration  of  H^^  'O  (• 
man  or  dogs  on  a  meat  diet  increnaes  the  elimination  of  ammonium  perMjlcat]>';  th^  "fwigf 
K  anil  \«  Irmporanly,  Tlic  Co.  and  M){  nre  not  mali-rinllv  affpcte'l  in  iKc  urine  --i2,  hot 
increa5<cd  in  the  feces.  «pcdaUy  Cn.     The  calcium  of  the  tifisiiesraay  thus  l>i;iliminia=-  -^wJirt. 

Willi  rabl>it->otia  calibaKcdivt  (rich  in  Ca)  administration  of  acid  markedly  incr^-  — t*** 
the  elimination  of  C'a  and  Mr.  less  that  i.f  K  and  \a.  The  Ca  excrvtiua  is  maial^BT  ly&jr 
the  urine.     The  tissue  Ca  is  greatly  decreased. 

Feeclinj;  with  HCI  may  r.iu<e  arterial  chaniicrs  (.Vdler,  1914). 

Regulation  by  Ammonia.^ NH4  is  a  normal  precursor  of  urea.  _  I^ 
conversion  is  not  quite  complete  and  somewhat  elastic:  If  the  ad-  -i:dily 
tends  to  rise,  a  larger  part  of  the  ammonium  Is  left  unconverted,  ai^«=^  j* 
used  to  neutralize  tlic  excessive  acid.  If  the  alkali  lends  to  rise,  mor"^*^^ 
the  ammonium  is  converted,  leaving  its  anion  to  neutralize  the  all^CT  ''•^ 
The  ratio  of  unconverted  ammonia  (reilected  in  the  ratio  of  NH*  to  I  ^^ow 
N  of  the  urine)  is  therefore  an  index  ol  the  acid  or  alkali  tendency  of  ^  p* 
body.  It  rises  if  acids  are  introduced  or  formed  in  the  organism  (addoer  '^^y* 
and  is  lowered  when  alkalies  are  administered.  Ammonium  is  also  ^  P'^ 
duced  by  des-amination  of  proteins. 

Efficiency  of  the  R^ulating  Mecbaoism  in  Different  Animals.— Th«  pfniec^^"^^ 

against  acids  is  conspicuously  more  perfect  in  caraivora,  both  as  concerns  the  Nil*  ^^  '  "" 
the  eliminatiun  (Spiro,  1901) — jirohably  hecaitse  ihfse  are  accustomed  lo  injtc^t  a     "^Si^!!* 
tain  amount  of  acid  tvith  their  food.     It  ii  impusniblc  to  lower  the  nllcalinily  of  the  b^c^^*'*^ 
of  a  dofi,  to  such  a  degree  as  to  produce  symptoms,  hy  inlrn«lucing  mid'  inl't  th--    -■    ' 
mcnLar>*  canal,  unlcfis  corrosion  lie  produced,     liut  if  an  acid  or  acid  ■   '    ' 
into  a  Vein,  il  will  cau^  very  pronounced  s'ymptiim>.     In  hcrhivonm- 
mny  also  be  produced  if  targe  quantities  are  given  by  the  mouth.     Ttie^   » 
death  even  before  the  rciiclion  of  (he  blixMl  has  become  ncutrul.     So  thai 
strictly  correct  to  speak  of  an  "acid  actitm,"  but  rather  of  Ute  cflecls  of  ii.:-,-i-i 
abialinity  (Ketlner,  1903). 

Influence  of  Diet  on  Ammonium  ConTursion. — The  ammnnlum  reKulation  b 
entirely  ab»eD(.  in  hcrbivorx.  Cows  and  calves  u^  il  quite  clhcicntly  when  acid  i 
(TIart  and  Xdson,  iqiji).  Enpingcr,  1 1306.  claimed  il  tube  intlurnced  by  diel- 
thai  a  vegetable  diet  renders  cjoes  ftu»oeptible  to  acid  noisoning;  and  that  a  meal 
or  injection  of  amin<>-acid;i,  evokes  the  ammonium  mectinnt^m  even  in  rabbit!>,  and 
protects  them  against  ncid.  Hotvever,  later  ob^rvcrs  were  unable  to  cou^m 
(Poht  and  Muenj^r,  1906;  G.  Bostuck,  1913). 

Nature  of  Acidosis. — Acidosis,  or  Acid-intoxication  arises  when 
or  acid  salts  are  introduced  in  excessive  quantity,  or  when  the  or.'- 
fails  to  dispose  promptly  of  the  acids  that  are  formed  in  mci 
So  long  as  there  is  an  adequate  store  of  potential  alkali,  the  actual  rrji     —io. 
of  the  l)loo<l  is  not  materially  changed,  a]thou(rh  it  contains  less  cftrbor»-^'f. 
The  acidity  ami  the  ammonium  of  the  urine  will  also  lend  to  irKTe--**. 
If  the  acidosis  is  due  to  faulty  metabolism,  oxybulyric  acid  and  aceioflr 
substances  will  apjxar  in  the  urine. 
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Symptoms  of  Acidosis. — ^The  symptoms  up  to  this  point  may  noL  ex- 
ceed a  degree  of  dyspnea,  required  to  eliminale  the  liberated  CO;.  When 
the  actual  reatlion  of  ihe  biood  becomes  noticeably  changed,  the  vaso- 
motor and  other  medullary  centers  arc  also  stimulated;  especially  if  the 
change  is  acute,  as  with  intravenous  injection  of  acid.  With  further  rise 
of  the  H-ion  concentration,  tlie  nervous  centers  become  depressed,  as 
also  the  cardiac  muscle.  The  effects  agree  with  those  of  excessive  CO; 
tension,  asphyxia  and  oxygen  dcpri\'alion,  and  diabetic  coma,  which  are 
really  forms  of  acidosis. 

The  final  symptoms  consist  of  coma,  convulsions,  depressed  respiration 
and  fall  of  blood  pressure,  etc.  Death  takes  place  by  respiratory  paraly- 
sis, generally  before  the  blood  becomes  actually  acid  (see  page  712). 
The  svmptoms  are  at  once  removed — even  in  the  last  stages — bv  injectipn 
of  Na^CO,  (F.  Waiter,  1877). 

Toxicity  of  Acids.— This  \'arics  greatly  according  to  conditions.  In  cattle,  for  in- 
stance. Berj*,  TQ15,  sometimes  found  considerable  tolerance  (0.S7  fim.  of  HCl,  as  0.9 
per  rent.,  vein,  per  kili»Rramj. 

Respiratory  Center. — This  ha.s  been  studied  by  Douj;la.<;  and  HaUlane.  tqoq,  tt 
is  also  ^timjlatcd  by  the  direct  applioiltoti  of  aciils  to  the  medulla  tin  froge),  The 
action  i*  pr<j[K>rtiiinJil  tu  ihv  H-Inns  (Winterberf;;  T,  K.  Roberlsfin,  101  a).  Winter- 
Btcin,  i<>[5,  iiods  that  the  injecliun  of  acids  increriues  and  alkalies  diminish  the  ventlla- 
tiun  of  the  lungs.  The  change  is  always  {>>inil1irl  tu  the  K-ion  concentration  of  thcblowl, 
but  not  necessarily  to  its  tJOi  tension.  It  is  clear.  thercfcDrc.  that  the  essential  factor 
is  Ihc  H-ifin  concentration,  and  not  the  COj.  However,  Kopacxcwskl,  1014,  believes 
that  the  cfTecu.  arc  not  due  to  the  U-ion  alone,  but  chat  the  anions  nr  the  entire  molecule 
alsoptay  «>me  pari. 

The  a^nrii  follovrinK  on  excessive  respiration  is  due  to  deficient  COj  tension  mid  there- 
fore lowered  H-inn  concentmlion.  Ch-yntSUibcs  n-spiraiion  is  attributed  to  alternate 
■ccuraulation  and  oxidation  of  acids,  (Y.  Henderson,  igio). 

Hemogilobin. — Increased  acirlity  dinoini^he:^  the  aiVinity  of  hemoglobin  for  onygeo 
(or  carbon  monoxid).  For  instance,  with  a  farbon  dioxid  tension  of  40  mm.,  the  oxygen 
perci.'nIo2e  miisl  he  drndilcil  tu  secure  the  pame  decree  of  saturation  {Harcroft.  11J14). 

Djrspnea  in  Cardiac  Disease. — This  is  probably  partly  due  to  acidosis.  The  actual 
H  conccntratinn  is  nut  much  altered,  but  the  dimmittinn  of  reserve  alkali  renders  every 
increase  of  CO3  much  more  effective;  for  instance,  the  respiration  is  doiibltfd  in  decum- 
pensated  patients  by  2  to  3  per  cent,  of  CO3  in  the  air,  while  normal  individuals 
lequire  4.5  to  5.5  per  cent.  Alkali  treatment  restores  the  re«poDM  to  nurmal 
fPeabody,   1915). 

Vasomotor  Center. — The  slimulaiion  (reflected  in  the  ri^e  of  blond  pressure)  has 
been  studied  by  Mathison.  igii.  l*ilchcr  and  Sullmann,  1915,  found  miudcratc  and 
t«mporary  stimulaiion,  indtrpendcnt  of  hloud- pressure  chan^jes. 

Circulation  Rale  in  Man. — This  shows  a  close  parallcLiiiro  with  the  H-ion  concentra- 
tion of  the  artcri.il  blood,  and  Ihcrefore  with  the  oxygen  consumption  fBoolhby,  ioiS» 
Ritrous  nnd  method  of  Keouijh  and  Lindhard). 

Perfused  Vessels. — These  are  tcmjKirarily  dilated  by  weak  acids,  including  COi 
(Schwarz  and  l^mbcriicr,  ipiit.  Alkalies  constrict.  This  has  been  generally  con- 
&rme«i.  In  the  frny  mesentery,  the  minimal  efTtrtivtr  concentralirms  arc:  for  dilation, 
,Ui;  for  constncUon,  ,.]I  q  to  11.  Kxci^d  arterial  rings  do  not  respond  satisfactorily 
to  acid.     They  arc  twislricled  by  ,Hii  (I.  .^dln-r,  1916). 

Frog's  Heart.— The  autumatic  ctinlinctiuns  cuntinue  unly  within  certain  ranges  of 
II  concentrations,  which  ditler  for  the  various  portions  of  the  heart  (Dale  and  Thackcr, 
191*).  The  jinus  requires  the  highest  lU'*'^  cuncciilralion  {Hl*J  =  4  too  5);  the  ven- 
tticles  the  Inwe^i  (Mrj  =  fi.5  to  i:). 

Isolated  Mammalian  Heart.^The  effects  of  oxidizinK  substances,  acids  and  alkaiics, 
are  de«crilK^]  by  Loevenliart  and  Eyster,  1911.  Yanagawa,  1916,  Ends  the  cori>nar>' 
vcs«cU  cun<>tricted  by  incri.-asc  of  alkalinity,  dilated  h^'  acidity. 

Penetration. — Living  tissues  resist  the  entrance  of  alt  acids,  except  saHcylic.  Dead 
c«lN  are  permeable  to  all  (Har\'cy,  xpij.). 

Metabolism. — .\cid  Intuticalinn  lowers  gas  metalxdism  and  heat  production  (Choo- 
aiek,  iSq,i).  Small  quantities  of  acids  arc  said  to  increase  protein  deslruuliun  (increased 
elimination  of  SO 4  and  PO.;  Dunlop.  189O);  t>crliups  because  they  incrca-se  autolysis. 

The  effects  of  /cj.irr  chunffs  ia  the.  rroflion  of  body  liisufi  must  be  rat  her  limited,  since 
are  so  promptly  brou^tht  back  Ui  normal.     While  it  can  not  be  doubled  that  such 
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changes  must  have  ao  in6uence  upon  inetabolum,  the  oaiure  of  this  can  not  be  stated, 
because  it  is  complicated  by  the  a4;tioa>  ot  these  substances  oa  the  aHnicntar>-  canaL 
The  latter  i&  ditlerenc  in  the  case  of-«cids  and  alkalies.  Snme  of  the  oilier  acuocu  abo 
require  scparati!  coaHdcratioo.  Organic  Acidr  and  their  salts  are  rapidly  burned  to 
carbonate  after  their  nb^^rption;  4o  that  they  act  a«  adds  only  in  the  aliincntAry  caoal, 
but  as  alkalies  after  they  are  absorbed  (Bucnheim,  1888). 

Disintoucation  of  Acids  by  Salts.— \eut ml  salts  dimintsb  ibc  toxicity  of  acids  for 
the  fish  Fundulu?.  CaClj  'a  considerably  more  efficient  (J.  Loeb  and  Wastenc>-s,  igi  t)- 
The  effects  of  electrolytes  on  the  penetratioa  of  acid  into  Fundulus  ova  are  diBcnmid  by 
J.  Loeb,  1915. 

Effects  of   Increased   Alkalinity. — Slight  increase  stimulates  many 

physiologir  procfsst-s;  a  ft-w  arc  depressed. 

Virchow,  1854,  showed  increa^ied  mutiun  of  sfiermaUnoo;  (.iaule,  1878,  incraued 
cardiac  celivUy;  Bcthc,  iQOg,  diminished  rhythmic  movements  of  medusc.  Packard. 
1906,  found  that  sodium  bicarbonate  increases  the  resistance  of  fundulus  to  lack  of 
oxygen. 

Occtirrence  of  Clitiical  Acidosis. — Accumulation  of  acid  in  the  body 
occurs  whenever  the  elimination  of  acid  fails  to  keep  step  with  its  produc- 
tion. This  may  happen  through  diminished  excretion  of  acid,  as  in  some 
nephrites;  or  by  increased  production  of  acid,  especially  in  disturbances 
of  metabolism  associated  with  deficient  oxidation.  The  most  striking 
examples  of  this  form  occur  in  diabetes;  but  minor  d^rces  arc  present 
in  fasting,  especially  with  low  carbohydrate  and  high  fat  income;  in  poison- 
ing b^  P,  As  and  other  metals;  in  narcosis,  etc.  Except  in  diabetic  and 
uremic  coma,  the  acid  does  not  usually  rise  aufBdently  high  to  produce 
symptoms  other  than  dyspnea. 

Chemic  Criteria  of  Acidosis.— The  hydroKen-ion  concentration  of  the  blood  has  only 
a  limited  value,  since  it  Is  not  matcriiiUy  altered  until  the  bicarbonate  concentration  of 
tbe  blood  has  fallen  greatly,  i.t.,  onty  in  Che  most  severe  cases.  The  dctcrminatijon  of 
minor  degrees  of  acidosis  depends  on  the  direct  or  indirect  estimation  of  the  bicar- 
bonate of  the  blixid;  or  of  the  elimination  of  ammonium  or  acetone  substances  by  tfae 
urine.  The  urine  furnishes  only  qualitative  data  at  best,  ouicc  it  cmn  indicate  only  the 
excretion,  and  not  the  retention  of  acid.  In  nephritic  acidosis  It  would  be  cnthely 
deceptive  {Peahody,  iiji>;  Van  Slyke,  igi6), 

Etttmatkni  of  the  Bicarbonate  Content  of  tfae  Blood.^rhis  furnishes  a  nuantiutive 
index  of  the  nolemial  alk.-i}i  store,  and  it»  diminution  is  therefore  Ihr  earfie-it  Vfjx  of 
addosU  and  the  mo7.t  accurate  gaii^c  of  its  severity  and  progress.  The  bicarbonate  can 
be  determined  directly  by  measunnj;  the  COt  lltieratea  by  acidulalion  of  the  plasma. 
Normally,  this  is  5;  to  75  per  cent,  volume;  30  per  cent,  indicates  dangerous  addoiit; 
3o  per  cent,  is  fiilaf. 

determination  of  "Buffer-Valne"  of  Blood.— R.  L.  I.ev>-  and  Rovntree,  iqi^ 

express  this  in  c.c.  of  ~  HCl  or  XaOH  that  can  be  added  to  blood  witboat  rhan|jpg 

its  ^  ("umple  bufler  value"j,  or  without  changing  it  bc>-ond  the  normal  {"trvrrt 
buffer  value'  }.  The  simple  butler  value  is  clinlcitlly  the  more  importanL.  The  *«n 
ot  the  acid  am]  alkali  valuM  Rives  the  "total  buffer  value."  The  iiimplc  buffer  *alDe 
averages  0.18  for  normal  liio^xl;  <.crum  averages  o.ti  for  acids,  0.05  to  0.3  ft>r  alkaiie*. 

Determination  of  Alkali  Reserve  of  PUana. — This  is  suted  by  Marriult.  ivits  ^.^ 
as  RpH,  i.e.  the  H-ion  concentration  after  remoN-al  of  tfae  COj  (by  aeration).    It  appciw^ 
to  be  a  very  delicate  indei  of  acidosis. 

The  normal  value  of  K^iH,  \-iz.  8.5,  corresponds  to  an  al\'eolar  COf  tiniioo  of  jS  tc — ^ 
45  mm.     Moderate  acidosis  ranges  between  8.0  and  8.3  (38  to  35  nun.  COO:  (taoCHoa- 
acidosis  — 7.;  (;o  mm.  COj);  coran  =  7.3  (11  mm.  CO().     An  kpH  7.0  ran  be  conBolSta^:^ 
by  the  oral  administration  of  alkali;  R^ll  7.7  requires  alkali  intravenouslv. 

Alveolar  Carbon  Diozid. — Indirectly,  the  carbonate  content  of  tfae  olood  attyltatf 
juH^  by  the  alveolar  COj  tension,  and  by  the  "alkali-tolerance  test"  The  v»Iw>ir 
percentage  of  COi  in  the  alveolar  air  is  genemlly  about  one-tenth  of  Uut  wbkh  caa^ 
liber.ited  from  the  plasma.  This  relation  holds  for  normal  indiWdaaU  and  for  dilbelii' 
coma,  where  it  has  been  utilized  by  Beddard.  I'embrty  and  Springs,  191$;  and  Poal>i*> 
iQij.  It  does  not  apjily.  however,  to  Conditions  in  which  the  respiration  or  circullll'* 
are  seriouslv  disturbed  (Von  Slyke).  It  is  also  not  very  delicate  in  nephritic  »ciik»a 
(Peabody)." 
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Alk&li  Tolerance  Test — When  the  bicarbonate  of  the  blood  is  lowered, 
a  larger  dosage  o(  alkali  is  required  to  change  the  aclion  of  the  urine  to 
alkalmt-  than  is  the  case  normally.  This  increased  tolerance  for  alkali 
is  a  delicate  and  reliable  index  of  decreased  potential  alkalinity  of  the 
bodVt  and  therefore  of  even  slight  degrees  of  acidosis,  including  renal 
acidosis;  and  an  equally  reliable  criterion  of  the  progress  of  the  acidosis 
and  of  the  need  of  alkali  therapy  (Scllards,  191a;  Palmer  and  Henderson, 
1913;  Peabody,  1915). 

The  test  is  carried  out  by  ginne  orally,  between  meals,  5  Gm.  of  sodium  Wcarbon- 
ate  (in  waietj  rvery-  two  hours,  unlil  the  urine  hecumes  alkniline  In  litmuH.  Normally, 
this  occurs  with  the  6nt  or  at  most  wiifi  the  second  dwe  (the  ^H  of  the  urine  being 
reduced  to  an  avenige  of  7.6,«>nicLime9  to  ^.3,  within  an  hour.  Palmer  and  HendcrsoD). 

Renal  Acidosis. — Light  grades  of  chronic  nephritis,  with  normal 
phcnolphthaU-in  output,  usually  show  little  or  no  acidosis.  In  severer 
grades,  the  kidne>s  fail  to  excrete  acid  pro|K:rly,  and  thus  an  acidosis 
(diminished  polcniial  alkalinity)  develops,  which  is  fairly  proportional 
to  the  degree  of  phenolphthalcin  retention. 

The  alViUi- retention  test  shows  this  much  earlier  than  the  alveolar  COj;  tlie  latter 
generally  diminishing  only  when  the  phthnldn  output  falU  below  10  per  cent,  in  two 

koours.  The  actual  reaction  of  the  blood  h  not  materially  altered  except  in  the  extreme 
suite;  so  that  even  in  un-mia,  the  sympt<)m>  iire  not  commonly  attributable  tu  acidosis 
(Peabody,  1915).  The  acido»is  of  infancy  is  frequently  connected  with  diminished  out- 
Jput  of  urine  (ftowland  and  Marriott,  ii}t<i)> 
M.  Ft.«cher.  1915,  refers  to  acidonis  both  the  edema  and  the  CI  retention.  His 
theories  have  Itern  discussed  in  another  platre. 

The  toxicity  of  uranium  is  a&iiociaicd  u-ith  acidosis,  and  can  be  diminished  by  ad* 
ministerins  alkali.  This  alvi  protects  the  uranium  kidneys  against  anesthetics  (Mac- 
>;ider,  i(^t6). 

A.ti<tiic  ChoUra. — This  disease  result*  in  a  considerable  lofw  of  refter\-c  alkali,  with  the 
nrixiuctioii  of  acido^i^.  It  ts  benefited  by  the  early  iulniini^tration  of  MMlium  btcar- 
bonate,  o.j  Gm.,  increasing  the  dose  with  the  severity  of  the  symptoms  (ScUords,  1914). 

h  Diabetic  Acidosis. — Diabetic  coma  is  essentially  a  manifestation  of 
acidosis  (.Stadclmann,  1883).  There  is  not  only  a  close  resemblance  in 
Xhe  symptoms;  but  the  increased  elimination  of  beta-oxybutyric  acid  and 
■ammonium  (Buussignaull,  1850),  and  the  great  diminution  of  carbonates 
in  the  blood  (to  10  per  cent.;  Minkowski,  iSSS;  Kraus,  18S9)  furnish  direct 
evidence  of  increased  acid  production,  .\ccordingly,  the  administration 
^3r  injection  of  alkalies  has  proved  successful  in  preventing  and  meeting 
tills  condition  (Magnus-Levy,  [899).  The  success  is  not  so  striking  as  in 
^uperimcnial  acid-inioxication;  mainly  because  the  acid,  in  diabetic 
acidosis,  is  primarily  within  the  cells,  and  therefore  is  not  so  readily 
reached  by  the  alkali.  'ITie  details  of  this  treatment  will  be  discu.ssed 
under  Sodium  Bicarbonate. 

The  alkali  could  also  be  fumi<ihed  by  the  administration  of  the  salts  of  organic  adds 
<  Koltn,  iyo6j  Lichtwilr,  lui  ij,  or  by  Ca  or  Mg,  but  probably  not  in  Kufficicnt  quantity. 
Kppiftger,  t9o6,  suggested  increatung  the  formation  of  ammonia  by  the  administration 
Of  amino- acids;  but  his  results  have  been  challenged  by  Poh]  and  Mucnzer,  and  by  A. 
I.A>cwy,  1006. 

Ehrmann,  Etuicr  and  Loewy,  1911,  claim  that  the  injection  of  neutral  ox^-butyric 
saJts  also  produces  comn,  so  that  the  diabdir  coma  would  not  be  a  pure  acido&is. 

Ol^ln  of  Beta-oxrhtitsrric  Acid  and  Acetone  Substances. — Theflc  arc  fonned  mainly 
by  tbe  oxidation  of  fatly  acids  with  even  number  of  carbons  (the  combustion  of  odd- 
carbon  acids  mult»  in  glucose;  A.  1.  Ringer,  igij). 

Marriott,  1914,  believes  tliat  oxybutyric  add  is  normally  formed  by  the  successive 

«p.  of  U^  acid-butyric  «d<i(?)-a«.o.M..ic  -d<J„-;^^;^f  JJ^^^^J 
Iwrftari^      It  may  also  bederived  from  the  amino-adds  (leufin  and  tyrosin)  of  protein,  but 
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not  Irom carbuhydratcs.  Itisa  product olordinar^mctaboliAm,  bat  is  normaUy  buraed 
comf^ctcty.  In  diabclrs  thU  oxidAtiun  is  defective,  becAUM-  the  comptclc  oxidBtiiia 
probably  demands  the  simultonvoun  oxidation  of  glucose  ipcrhnps  liiraugb  the  fornu 
tioQ  of  a  KtiKiisidulcurnpuund;  KIokct,  1914).  'The  partiiil  uvi(lulii<n  itf  the  nxy  tiutyric 
odd  leads  10  accto-accitc  acid  and  acetone,  which  Jirc  Rtnerally  associated  wriih  il  in 
diabetic  urines  (G.  Lusk,  1909).  Traces  of  oxybutyric  acid  occur  in  Dornul  orguit 
(cspcctaHy  in  the  liver),  but  are  greatly  iocrcased  in  phtorhixin  acidosis,  Ami  espociaUy 
in  diabetic  coma  (Soitsa,  1914). 

Mnttram,  1915,  refers  the  presence  of  acetone  substancet  to  enfofcrd  overactivity 
of  the  liver,  since  he  ftadi  them  tn  alt  conditions  that  f.how  fatly  tntiltrBtiiinfi  «f  thr  llvfr. 
In  phlorUizin  glyco-iuria,  the  acidosis  may  be  tUvreast-d  by   frviling  |>ri' 
diet  and  Otlcrhcrc,  1914);  whereas  increased  protein  intake  often  increii^e:'  1 

In  nortiuil  subjects,  joo  c.c.  of  blood  cunlainn  less  ttiaii  i  s  mg,  of  mxto  ,..•..1.  ji  hI, 
ajid  IdA  than  4  mg.  of  oxybutyric  acid.  In  acidosis,  the  proportion  may  rue  to  28  rag. 
of  acetone  and  45  mg.  of  oxybutyric  acid  (Marriotl,  1914). 

Lactic  Acidosis. — lactic  acid  ap[>car3  in  the  bln<xl  after  violent  cxcrcisv,  elrjchrUD 
spasm<i,  anti  tihuriphoruA  poi»untn^.  It  ha»  al<o  been  found  in  the  urine  a/tcr  cocain 
convulMons  {t'mlcrhilt).  The  UctK  acid  is  derived  from  glucose,  for  tt  doa  not  occur 
in  glvcogen-frte  anim.al,'.  (T.usk,  1916). 

dreatin  EUmuutioii.^Thi«  appears  to  he  connected  with  acidd^in.  Id  rsbt^ts, 
UnrJfrhill,  iijif>,  finds  that  acid  pnxliinnii;  f<Rxls  (uats  and  cofn)  cauw  the  appear«nct 
of  crcatin  in  the  urine,  and  thia  i»  removed  by  bue-producinj  {oods  (carrots}. 


DaUTE  HYDROCHLORIC  AMD  OTHER  ACIDS 

General  Statement.— These  arc  used  mainly  for  their  liKal  action  00 
digestion  in  gastric  hyiioacicHly,  etc.  The  sparingly  soluble  add  mILs 
(acid  potassium  tartrate)  extend  their  action  into  the  intestines,  and  pro- 
duce catharsis.  After  absorption,  the  mineral  acids  and  their  utid  sails 
increase  the  acidity  of  the  urine,  and  are  employed,  usually  with  littii- 
mcthylcnamin,  against  ammoniacal   fermenlatiun  of  the  urine.    Thrv 
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are  further  used  as  antidote  to  alkali  poisoning;  as  local  astrtngeols^^^-' 
against  excessive  perspiration;  and  as  local  hemostatics.  ^^^ 

Action  on  Digestion. — The  reaction  of  the  gastric  and  intestinal  ooo^^^^ 
tents  modifies  the  activity  of  the  motor  and  secretory  functions,  and  <^^-_^ 
the  digestive  ferments.     These  effects  may  give  rise  to  digestive  distuil^-^ 
anccs.  or  be  utilized  for  the  correction  of  digestive  disorders.     The  rt^ul  ^^ 
depend  on  the  condition  of  the  alimentary  canal,  and  therefore  on  the  iii-*ir 
of  administration,  as  well  as  on  the  dose  and  concentration  of  the  o>c\<^  - 

Action  in  the  Mouth. — Acids  have  a  characteristic  "sour*'  ia^;. 
are  slightly  astringent  in  the  mouth.    This  taste  determines  ilwir  u  - 
flavors.     They  soften  the  enamel  of  the  tfct/i,  and  should  therefore  t* 
taken  through  a  glass  tube.    They  also  reflexly  increase  the  flow  of  ictJi*' 
but  this  is  of  little  practical  importance. 

U&e  in  Fevers. — The  .iddiiion  of  acid  makes  il  eju.ler  to  take  larger  ijUJi' 
water  tlian  could  coDvcnicinliy  be  taken  nithoul.     They  arc  therefore  (  ' 
value  in/ewrj.  when  one  Wp-iihe*  to  obuin  at  the  same  time  the  rrfri«rant  a   : 
and  the  diuretic  effect  of  large  quantities  of  Huid.     It  was  belie>-ea  that  t^-    '-  "^  '  . , 
of  the  liiisues  is  raised  in  febrile  conditions,  and  that  this  is  counteracted  by  aud>-         '  *" 
modem  ideas  render  this  doubtfuL 

Action  in  the  Stomach. — The  presence  of  acid  is  important  fo*"  'V 
digestion  of  proteins  and  connective  tissue;  for  the  control  of  the  py^^ 
sphincter;  and  for  its  antiseptic  properties. 

Gastric  Acidity. — Pure  human  gastric  juice,  pathologic  u  weli  aa  oenndL  it  n^:'^' 
with  about  0.4  to  0.5  per  cent,  of  free  HCl  ( Kocdcr,  1905:  Rcfafini  ud  4A'I' 
Carl»oo,  1915)  the  same  as  in  dugs  or  cat6.     Tbi&corre»pondBt4  ^8*o.Mtof  <U£.>r. 
191S). 
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This  oddity,  hourver,  is  not  nurmally  maintamed  in  the  stomach,  the  acid  heiag 
iy  oeuLraliziKl  by  the  saliva,  the  mucus  and  the  rctlux  of  duodenal  contents,  to 
0.13  or  0.1  per  cent.  HCI  ^BoldyrclT).  The  breaking  ilown  of  this  merhanism  appears 
to  be  the  basis  o(  •'h>-peracidily,"  in  which  the  acid  remains  at  Ibe  same  Cttnccntraiicin 
(0.5  per  cent  HC11  at  which  it  was  secreted  (Carl^in,  1913).  The  curve  al  the  acidity 
durinj;  normal  dii^ntinn  has  been  studied  in  man  by  ^fcC1endon,  1015.  He  also 
determined  the  hydroKcn-ion  concentration  of  buman  duodtual  conknh,  viz.,  W*"^  «  i 
Xio-». 

LibcraiioH  0/  I/Ci.—'The  mechanism  by  whicJi  HCI  is  liberated  is  not  fully  established. 
Kori>[>e.  t8<j6,  supposes  that  it  i»  Eurnu-d  in  the  stumacli  fntm  XaCI:  ii^buminji;  that  the 
epithelium  i»  permeable  to  \a  and  not  ro  CI  ion^,  the  sodium  would  diffuse  out  of  the 
stomach,  and  H  ions  would  diffuse  into  it.  Tlie  theor>-  requires  further  proof.  Ham- 
metl.  tgt;,  confirms  Fitzgerald  that  the  acid  exists  in  the  bodies  and  canaliculi  of 
the  parietal  ccH^. 

Pyloric  ControL— Free  acid  in  the  stomach  increases  ihe  pyli>ric 
perisialsis;  it  closes  the  cardiac  and  opens  the  pyloric  sphincter.  How- 
ever, the  presence  of  free  acid  in  the  duodenum  closes  the  pyloric  sphincter 
until  the  acid  is  neutralized  by  the  intestinal  juices.  Moderate  gastric 
acidity  therefore  hastens  the  discharge  of  food  from  the  stomach,  but 
excessive  acidity  prolongs  the  sojourn  because  it  can  not  be  promptly 
neutralized  in  the  duodenum  (Cannon,  1911). 

The  corlndling  inllueuce  of  ai'ids  on  the  emptyine  of  the  stomach  appears  to  l>e 
exerted  mainly  from  the  duodenal  side:  clinicaily.  the  lirac  of  discharge  is  oitcn  normal 
in  achylia;  and  gastric  stasis  itflen  exists  in  liyiRTifiKirbydria.  In  faslinj*  ant-sthelizcd 
dogs,  water  i&  diflchajgcd  from  the  stomach  more  promptly  than  any  degree  of  acidity; 
acids  causing  a  delay,  proportional  to  their  concentration.  Duodenal  rcgurgiltifion 
begins  with  o.a  per  cent  iicf  (W,  V..  Morse,  10^6). 

Foods  abo  act  on  the  acid  regulation  of  the  pylorus:  proteins,  by  binding  the  acid, 
prolong  Ihe  sojourn;  so  do  fat&,  by  binding  the  duodenal  alkali.  CirUohydrates  are 
indifferent. 

t Relation  of  Gastric  Pain  to  Acidity. — The  pain  of  gastric  ulcer  has 
n  attributed  to  direct  irritation  by  the  frc«  acid.  However,  it  appears 
to  be  indirect,  due  to  the  increase  of  gastric  peristalsis  and  tone,  and  py- 
Jortc  spasm. 

In  human  subjects  with  normal  stomachs,  Lowcnihal,  ifig;,  found  no  sensation  from 
250  c.c.  of  o.j  i>crcent,  HCI.  With  0,5  percent,  there  was  sometimes  a  warm  sensation, 
but  Oil  pain.  Other  observers  report  absence  of  any  sensation  with  0,5  i>cr  cenL  J.  E. 
Schratdl,  1909.  found  no  siymptoms  with  0.5  to  2  per  cent.  With  5  per  ceol.,  Boring 
reports  a  >en»alion  similar  to  huni^i-r-nain^. 

The  results  on  patients  with  gastric  ulcer  arc  more  variable.  Pain  was  sometimes, 
Init  not  alvr:t)'«  present,  iift(;r  0.1  to  o..)  per  cent.  KC'I.  Ginsburg  et.  al.,  [t>iO,  find  that 
the  pain  is  always  accompanied  by  strong  contractions,  indicating  thatit  isdue  to  tension. 
This  was  rclaied  by  alkaliea  or  amyl  nitrite;  atrengtfat:ned  by  pituitary. 

Digestive  Action. — Pepsin  acts  only  in  the  presence  of  free  acid. 
While  any  acid  may  answer  for  this  piupose,  hydrochloric  seems  to  be 
the  best,  and  is  most  efficient  in  the  concentration  existing  in  the  gastric 
secretion;  it  also  aids  in  the  solution  of  the  comiective  tissue  of  meats;  and 
it  determines  the  antiseptic  qualities  of  gastric  juice. 

The  ingestion  of  dilute  add  also  increases  Uac  secretion  of  gastric 
juice.  This  effect  is  partly  reflex,  for  it  is  observed  in  Pawlow's  separated 
stomach  (Bickcl.  1905J  but  only  when  it  is  given  with  food  (Heinsheimer, 
1906). 

Salivary  Digestion  In  the  Stomach. — Very  dight  acidity  accelerates  the  action  of 
all  dia^^ta^"-,  but  somewhat  stTi)n>;er  concentrations  depresii.  However,  the  bulk  of 
the  food  remains  for  an  hour  or  more  in  the  cardiac  pouch,  with  only  the  suriacc  layer 
impr^ndted  by  acid  (Keyde  and  Gruetzner).  Salivary  digestion  proceeds  practically 
undisturbed  during  thLi  time  (Cannon,  1911). 
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Pancreatic  Juice. — The  flow  is  increased  by  acids. 

This  BClJQn  U  perhaps  partly  reflex,  but  it  has  been  shown  (BaylUs  and  SurUoc, 
1902)  that  the  presence  of  acid  in  the  jeju  num  leads  to  the  production  of  a  chetnir  vub- 
stance,  "secretm,"  the  intravenous  injection  of  which  atimulate«  the  pancreas  to  incrcud 
secretioo. 

Bile. — The  secretion  of  bile,  and  the  contractions  of  the  gall-bUddcr 
areincreasL-dby  the  introduction  of  acid  into  the  duodenum  (Okada,  1915)- 

Use  in  Indigestion. — Acids  are  adminislcrcd  in  d}*s{}ep<<ias  in  whidi 
the  secretion  of  add  U  deficient;  In  putrefactive  rrrmcntation;  and  in 
infantile  diarrheas  due  to  this  cause.  All  mineral  acids  act  alike.  PUule 
Hydrochloric  Acid  (i  cc,  diluted,  just  before  or  after  meals)  is  generally 
preferred.     IL  is  often  combined  with  bitter  stomachics. 

Acids  are  conlraindicated  in  catarrhal  conditions,  in  which  there  i* 
a  hj'persecrelion  of  mucus.  Even  in  normal  individuals  the  prolonged 
administration  of  large  quantities  of  acids  is  apt  to  prove  too  irritant, 
and  interferes  with  digestion.  This  is  the  explanation  of  the  popular  use 
<A  vingear  to  reduce  obesiiy.  A  direct  llaaitation  of  diet  would  seem  a 
more  rational  means  for  this  ptirpose. 

It  hoji  been  objected  that  doseA  much  Rrealer  than  the  ordinary'  would  be  required 
to  restore  the  nortcal  acidity.  However,  when  taken  after  mcab  the  add  would  becoo- 
Gned  to  the  surface  of  the  lood-ma»s  and  would  therefore  suffer  little  dUutioo. 

The  increased  dow  of  pancreatic  juice  and  of  bile  ii  probably  too  sitiall  to  be  o(  ^a.y 
value. 

Lactic  Acid  Organisms.— These  were  introduced  with  the  object  oE"  ■ 
supplying  the  aniisepiic  action  of  acids  to  the  intestines,  in  infantil 
diarrheas,  etc.;  but  they  have  not  fulfilled  these  expectations  very  satis—  " 
factorily.     They  are  discussed  in  N.N.R. 

Combined  Acid. — In  order  to  avoid  the  irritant  effects  of  free  acid,  loose  acid  com 

fuuods  have  been  administered  to  liberate  their  acid  gradually;  such  are  Acidol  (betoii^B- 
ydrochlorid)  and  Oxyntin  (acid  pnHeJn).     However,  they  arc  therapeutically  usdi 
Long  and  Hull,  iqis.  showed  that  the  quantity  of  add  bound  by  proteins  is  quite  d 
nite  and  does  nut  depend  liicnnly  rvn  the  Il-ions;  but  it  is  ?o  small  that  it  barely  sufBc 
for  the  digestion  of  the  comoined  protein,     Bctain  hydrochlorid  is  more  active,  bu 
still  below  therapeulic  effidcacy  (Loi^Kt  'Vis)- 

Action  on  Urine. — The  administration  of  acids  increases  the  acidity 
the  urine.     This  leads  to  an  itureased  irritability  of  t/K  mucous  membrat 
of  the  urinary  passages,  so  that  inorganic  acids  are  to  be  avoided  in 
inflammatory  conditions  of  these  organs.    They  must  also  be  avoidc 
where  there  is  a  tendency  to  the  formalion  of  uric  acid  or  oicalate  catmii 
On  the  other  hand,  they  are  indicated  with  phosphatic  calculi.     They 
used  especially  to  enhance  the  action  of  hexamethylcnamin  (see  Index 
It  may  be  repeated  that  they  increase  the  ammonia  of  the  urine  at 
expense  of  the  urea. 

Effects  upon  Metabolism. — Outside  of  this  change  in  the  ratio  of. 
monia  and  urea,  these  are  quite  small,  as  far  as  our  present  means  alh 
us  (o  judge.     The  excretion  of  nitrogen  seems  to  be  pretty  constant 
shghtly  increased. 

Applied  directly   to  excised  orgatvs — muscle,  nerve,  etc — the  resm  -m.  It 
is  an  increase  and  subsequent  diminution  of  function. 

Organic  Acids. — The  local  actions  arc  alonp;  the  same  Uncs  as  Lhoae    *^ 
the  inorganic  acids,  but  present  important  differences  in  detail.     Tta^J'' 
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are  little  used  in  digestive  disorders.  Their  systemic  actions  are  quite 
different,  since  they  are  for  the  most  part  burned  in  the  body.  They  are 
therefore  more  convenienllv  discussed  in  connection  with  their  salts. 


PREPARATIONS— DILUTE  UIN£RAL  ACIDS 


These  have  a  uniform  strength  of  10  per  cent.  They  are  colorless, 
odorless  liquids,  of  strongly  acid  taste;  miscihie  with  water,  alcohol  or 
glycerin.  They  are  incnmpalihle  with  alkalies  and  the  salts  of  weak  acids 
(carbonates,  salicylates,  sulphides,  sulphites,  etc.).  Dose,  i  cc,  15  min- 
ims. C.S.P.;  0.3  to  1.2  cc,  5  to  20  minims,  B.P.;  in  one-half  tumbler  of 
water  after  meals. 

^^      'Acidum  Uydrochlifncum  DilaUim  {\dd.  Hydrochl.  Dil.),  U.S.P.,  "B.^.—lKCompatibU 

^Hlbo  with  sails  uf  Ag  und  Pb. 

^m     Acidum  Mtrkum  Dilulim  (Add.  Nit.  Dil.),  U.P. 

^P      (Acid.  Sitrokydrockt.  Ui/.— Set  Indcxt. 

Acidum  Phospkoricum  {AcwI.  Phos.).  U.S,P.i  Acid  Phoiph.  Cent..  B.P.— 87  p"  cent. 
of  H.PO*,  U.S.F.;  60  per  cent.  B.P.     Colorless,  odorless  syrupv  liquid. 
^m       Acid.  Phez.  Dil..  Ij.S.P.;  .Add.  PhonpU.  DH,  B.P. 
■      Acid.  Sulph.  Dil.,  U.S.P.,  U.P. 

^^  Acidum  Sulphiricum  Arnmaliium  (Acid.  Sulph.  .Arom.),  U.S.P.,  B.P. — An  alcoholic 
dnutioa  oi  sulphuric  add,  flavored  witli  ginger  and  danamoc.  Contains  Iree  sulphuric 
^Lcid  and  cthy (sulphuric  arid  cciuivalent  to  ;ibuut  10  per  crenl.  of  H»SO,,  U.S. P.;  about 
X4  per  cent.,  H.P.  A  clcir,  reddish- brown,  liquid;  pleasant  aromatic  odur;  intensdy 
c&cia.     Doic,  I  cc  15  minims.  U.ii.P.;  0.3  to  i.i  cc,  5  to  10  minims.  B.P.,  diluted. 

It  is  doubtful  M'hc-tfi^T  it  possesses  any  advantage  over  otber  adds.     Ethyl-iiulphuric 
^Lcid  acts  simply  as  a  mineral  acid  (Uyccio,  iqio]. 

/«/.  Ros.  Acid.M  P.^— 1.;5  per  ccn  .  .Add.  Sulph.  Dit.,  3.5  percent,  dried  row  [>etat&, 
X}os€,  IS  lo  30  c^.,  ^i  to  I  ounce.,  B.P. 
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SODiaM  BICARBONATE  AND  OTHER  MILD  ALKALIES 


General  Statement. — Sodium  and  potassium  bicarbonatcs  are  used  as 
liquefying  expL-cloraiUs,  aiid  to  dissolve  mucus  in  other  catarrhal  condi- 
tions. Sodium  bicarbonaLc  Is  [Mirticularly  useful  for  niiulralizing  h>'pcr- 
^.cidity  in  digestive  disturbances.  Magnesium  oxid,  or  magnesium  or  cal- 
<^iura  carbonate,  acts  more  persistently,  but  le.ss  promptly  and  efficiently, 
iixcessive  doses  of  alkalies  disturb  digestion  and  produce  diarrhea. 

The  systemic  eEEecls  are  utilized  for  combating  acidosis.  Smaller 
^oses,  especially  in  the  form  of  potassium  bicarbonate  or  citrate,  are 
x«sed  in  rheumatism  and  gout.  Their  action,  if  they  have  any,  is  not 
Virideratood. 

The  administration  of  alkalies  increases  the  flow  of  urine  and  reduces 
its  acidity  or  renders  it  alkaline.  This  is  useful  for  decreasing  the  irrita- 
«.ion  in  cystitis,  and  to  prevent  the  formation  uf  urate  calculi. 

Sodium  carbonate  is  too  irritant  for  internal  use. 

Effect  on  Mucus. — Mucin  is  more  soluble  in  alkaline  media,  so  that 
XJkic  alkalies  dissolve  any  accumulations  of  mucus  or  render  them  more 
fiuid.  At  the  same  time  they  increase  mucus  secretion  through  a  mild 
i«-ritatJon. 

Use  in  Catarrhs. — Mild  alkalies,  especially  bicarbonate  and  borate, 
^-rc  used  as  a  wash  or  gargle  (i  to  4  per  cent.)  in  all  kinds  of  catarrhal  con- 
<litions;  as  expectorants;  in  cy.stitis,  dysentery,  etc. 

4« 
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Removal  of  False  Membranes.— The  false  membranes  of  diphtheria, 
croup,  etc.,  arc  also  composed  largely  of  mucus^  and  may  be  broken  down 
by  alkalies.     They  are  best  employed  in  this  case  in  the  form  of  a  steatn 
saturated  with  lime-waier,  commonly  prepared  by  inhaling  the  vapor* 
produced  by  slaking  lime  in  the  sick-room. 

Use  on,  the  Skin. — Alkalies  are  also  employed  to  soften  the  cmsts. 
in  eczema;  as  a  soothing  lotion  in  dermatitis  and  bums;  lo  relieve  itch — 
ing,  etc. 

Action  on  Normal  Digestion. — Strong  alkalies,  including  sodium  car- — 
bonate,  produce  Incal  irritation  and  gastritis.     The  weaker  alkalies,  sucfc:^ 
as  the  bicarbonates,  would  also  tend  to  interfere  with  normal  digestior^^^__^ 
They  lend  lo  inhibit  the  secretion  of  digestive  juices;  the  activity  of  pcp>i; 
the  gastric  peristalsis  and  the  opening  of  the  pyloric  sphincter  {Canno 
iQit);  the  protfctive  action  of  the  mucus  and  the  antiseptic  action  of  I 
gastric  actd.     They  might  be  conceived  to  aid  the  digestion  of  fats; 
the  intestines  arc  normally  sufficiently  alkaline. 

In  fact,  however,  these  detrimental  actions  are  very  slight,  and  t 
utilization  of  the  food  is  practically  perfect  (unless  excessive  doses 
taken),  because  moderate  quantities  are  rapidly  neutralized  and  absor 

Secretion  of  Gastric  juice.^It  was  formerly  claimed  that   this 
stimulated;  but  practically  all  of  the  later  exjjeriments  indicate  that  i 
rather  diminished  both  in  quantity  and  acidity  (Pawlow,  1897;  Bi 
1905;  Heiiisheimer,  iqo6;  Rosenblatt,  1007:  Wilbrand,  igi4;  ChJari,  iqi 

Pancreatic  Secretion. — This  is  diminished  by  the  oral  adrotnistra 
of  bicarbLHiate  (Wilbrand,  1914). 

Ferments.— Diastases  are  hindered  by  free  alkali,  being  very  scnsili 
Pepsin  is  also  inhibited  or  destroyed  (Hamburger,  1015;  sec  under  Sodi 
Chlorid).     Trypsin  can  act  in  a  weakly  alkaline  medium. 

Use  of  Alkalies  in  Digestive  Disturbances.^ While  alkalies  arc  cit 
indifferent  or  disturbing  lo  normal  digestion,  they  are  very  useful 
restore  the  normal  conditions  in  digestive  diseases. 

Gastric  Catarrh  ami  DilaJaiion.—Thi:  alkalies  dissolve  the  ex 
mucus  which  lessens  the  permeability  of  the  walls  of  these  organs.  f> 
venting  at  once  the  pouring  out  of  digestive  juices  and  the  absorptiors     ^ 
the  digestive  products.     This  mucus  forms  a  similar  impermeable  coat-i-cag 
about  Ihc  masses  of  food.    Further,  the  mere  presence  of  a  large  amot-awt 
of  indigcstibEe  material — and  tenacious  mucus  must  be  regarded  as  su<ri 
^s  in  itself  irritating.    Lavage  with  i  per  cent,  bicarbonate  is  the  nr»*>*' 
efficient  treatment  of  these  conditions;  but  the  alkali  may  also  be  gi"^*" 
with  an  emetic  or  cathartic. 

Intestinal  Catarrh  atui  Catarrhal  Jaundice. — The  alkalies  are  simil^t'^) 
useful.  (They  do  not  increase  the  secretion  of  bile;  Rutherford,  iR79*) 
In  intestinal  affections,  the  slowly  soluble  alkalies,  magnesium  ond  *" 
magnesium  or  calcium  carbonate,  may  be  preferred,  so  that  they  will  i><^ 
be  neutralized  before  reaching  the  intestines.  A  saline  cathartic  enhar»<:** 
their  usefulness.  This  combination  exists  in  several  mineral  waters  f  *■•<' 
Carlsbad).  For  infants,  lime-water  is  generally  preferred  lo  the  oti*^ 
alkalies. 

Gastric  VUer. — Alkalies  are  useful  by  diminishing  the  quantity  ana 
acidity,  and  therefore  the  irritation,  of  the  gastric  juice.  They  aJ^ 
permit  the  destruction  of  the  pepsin  through  sodium  chlorid.     Bisrnutii 

■  The  Uterktuft  on  alluitic*  to  i  Spo  i»  covered  in  tb«  Mark  of  Stadalmaim. 
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isubcarbonate  is  preferable,  because  iu  action  h  more  prolonged,  and 
because  it  adds  a  mechanical  protection. 

.\n  efficient  routine  for  tontinuous  alkali  treatment  tor  gastric  ulcer  is  described  by 
Sippy,  IQ15:  Srtfl  (imkI  is  givt-n  evi-ry  bniir.  ,\Eiilna>  hplwi-eii  l)ur  ((TiUnRs,  Ihe  pntieot 
receives  an  alkali,  alternating  betwet^n  (1}  mai^iie^ia  and  sodium  bicailjunale.  each  0.65 
Gm.  10  gn.,  and  ( j)  bismuth  subcarbonute.  0.65  (>m.  10  ^rs.,  with  sodium  bicar- 
bonate, 2  Gm,,  to  Rfs.  The  nruRress  is  controllrd  by  the  reaction  of  the  stomach 
contentfi,  nhich  ahoulcl  not  be  allowed  to  become  acid. 

Gastric  Hyperaridity;  Functional  Dyspepsias,  Heart-burn;  Gastric 
FlatuUnce,  Eic.—\n  these  conditions,  the  soluble  alkalies  (sodium  bicar- 
bonate or  aromatic  ammonia)  are  commonly  used  and  effective.  They 
neutralize  the  excessive  acid,  relax  the  spasmodic  pylorus  (Enriquez, 
Binet  and  Gaston  Durand,  1914),  and  thus  empty  the  stomach  and 
lessen  the  pain  and  irritation.  The  CO-  which  is  liberated  stimulates  the 
gastric  movements  (Schierbcck.  iSqi),  and  promotes  the  expulsion  of  the 
gas.     It  acts  perhaps  also  as  a  mild  local  anesthetic.     The  bicarbonate  is 

^usefully  combined  with  an  aromatic  carminative  (peppermint)  and  cathartic 

)(rbubarb}. 

Time  of  Administration. — This  has  given  rise   to   much   theoretical 

[and  unproductive  discussion.    The  alkalies  should  evidently  be  given 

iwhcn  the  digestive  conditions  call  for  them.  This  is  belter  recognized 
by  the  symptoms  than  by  rules.  The  soluble  alkalies  i.bicarbonate,  i  Gm.; 
aromatic  ammonia,  2  c.c;  for  infants,  lime-water)  should  be  administered 
whenever  they  are  indicated  by  gastric  distress,  and  repeated  as  often  as 
needed;  also  at  bedtime  and  on  arising.  Fur  intestinal  effect,  tbcy  should 
be  given  on  an  empty  stomach. 

Otwiity. — .'Ukalic«  are  sometimes  u&eH.  Th  Ir  effectA  a*e  probably  du  to  disturb- 
ance of  dige^itiun. 

Um  in  Arterial  Hypertension. —  Full  duMa  of  alkalies  temporarily  lower  the  arterial 
pressure,  probably  as  a  result  oi  the  nausea.  ITic  benefit  U  doubtful.  Schefier.  1908, 
pdviMTaten  sotliiini  silicate,  but  bicarbooalr  accomplishes  the  same  result. 

Use  of  Alkalies  ia  Acidosis.— Their  rationale  has  been  discussed  (page 
717).  The  alkali  must  be  administered  in  large  c|uanLily.  This  can 
best  be  accomplished  by  sodium  bicarbonate.  This  has  the  advantage 
over  the  carbonate,  and  especially  the  hydroxid,  in  that  its  actual  alkalinity 
(OH  ions},  and  therefore  its  local  action,  is  much  lower;  while  its  potential 
alkalinity,  and  therefore  its  neutralizing  power  is  not  very  much  inferior. 

^SeatraiiiinfiPewtr  of  Alkalies. — To  neutralize  100  parts  of  10  per  cent.  HCl  requires 
the  following  (luanlirips  of  the  oflicial  sodium  salts:  acetate''  —  i7-S\  (.ilnilc'  —  JJ.6: 
bicarbonate  =  13.3;  carbonate  "  17.1;  calcium  carbonate  =  13.8;  sodium  hydroxid 
•=  12.3;  ma^e^um  oxid  =  5.5. 

I  .Administration  and  Dosage  in  Acidoiis.^T\\c  use  of  the  bicarbonate 
'  should  not  be  delayed  until  coma  has  set  in,  for  it  may  then  be  loo  late. 
It  should  be  begun  with  the  appearance  of  acetone  substances  in  the 
urine.  The  initial  daily  dose  by  mouth  may  be  30  to  45  Gm.,  i  to  ij^ 
otinces,  in  divided  doses  and  freely  diluted,  best  between  meals.  This  may 
be  raised  to  too  Gm.  or  more. 

These  large  dosea  generally  produce  a  cathartic  effect.  This  purging  may  not  be 
entirely  useless,  for  it  is  ctmtri^'ahlt  that  the  underlying  cause  of  tne  diabetes  is  found 
in  toxins  formed  in  the  3ltmcntar>-  canal,  \i  all  events,  pLain  purge:^  have  been  found 
useful  in  such  coses,  and  ^i  has  pilucarpin.  unginully  used  on  the  theory  that  it  helps  the 
.dimination  of  the  "toxins." 

I  A(l«r  combtiitlon. 
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After  coma  has  set  in,  the  oral  administration  may  be  continued,  and 
"drop  enemas"  of  a  4  per  cent,  solution  may  also  be  given.  However, 
these  can  not  be  rehed  upon  to  secure  sufficient  absorption;  and  the  bicar- 
bonate should  be  injected  slowly  by  vein  (i.ooo  c.c.  of  4  to  6  per  cent. 
sterilized  solution).  The  heat  ot  sterilization  drives  off  some  ol  the  COj, 
and  thus  converts  part  of  the  bicarbonate  into  the  carlmnate.  This  is 
highly  corrosive  to  the  subcutaneous  tissue.  The  ordinar>'  solutions  must 
therefore  never  be  injected  hypodermically,  or  even  allowed  to  esc^w 
from  the  intravenous  injections;  for  serious  sloughing  may  result. 

Hypodtrm'u  Injtxiion  of  Pure  Bt  arbonale  Svitition. — If  the  ^lutioD  U  Ireed  from 
NttCb,  by  saturatinK  it  with  CO)  until  it  is  colorless  tu  phrnolphthalcin,  il  doct  not 
cause  neciofils  anil  only  vvry  slight  i  rilation.  MnKnus-Lrvy.  iqij^,  anil  Cxap^I, 
i<)i4.  advocate  the  hypodermic  use  of  a  liter  of  a  3  f>cr  cent,  solution  of  this  Idndto, 
follow  up  the  intravenous  iiijecIioD;  or  if  the  Utter  prvacatb  :»pcci&l  di^ulttca  (wne- 
times  the  flow  becomes  arrested). 

Acidosis  and  Alkalies  on  Sugar  Metabolism. — Aside  from  ibc  ncu* 
tralization  of  the  acidosis,  alkalie:^  arc  useful  in  diabetes  by  promoting 
the  uliUxation  of  sugar.    Acidosis  tends  to  produce  h>'perglycemia. 

Pavy  and  Goddcn,  1912,  observed  that  the  injection  of  alkali  prrveau  ether  m 
chloroform  glycosuria.  Eliaa,  1^1$,  >howcd  that  the  injection  of  acid  produces  hyp«> 
glyccmiAi  whereas  feeding  alkali  remoxf^  hunger  diabcte*  aod  dimim^hn  pancrealic 
diabetes.  UnderhiU.  ]oi6.  found  that  allcali  alao  lowers  epinephrin  icU'cofuria-  U 
a  case  of  severe  humaxi  diahete«,  Urge  do»t-»  of  alkali  mariedly  decreoMit  Che  iU$V 
cxcretioD  and  raided  the  carbohydrate  tolerance. 

Murlin  itiul  Ktnnii-r.  i()i6.  confirmed  that  the  injection  1^  alkali  s-uuprewes  the  ily- 
cosuria  of  dcpancrcatcd  animala.  or  at  Icasu  lowers  the  Dt  X  ratio.  The  rtipunUtry 
quotient  rises,  and  the  blood-iiuxar  and  the  Kl)-cvfi:en  are  out  increaaed.  vt  that  there 
must  be  an  increa4>ed  combustion  of  sugar. 

In  normal  dojjs.  nlkali  injection  d'jes  not  increase  the  respiratory  qnnlient.  but  tends 
to  inhibit  gl>xugem>IvMs  (Kramer  and  Marker,  1Q16},  and  Inctcadcs  the  deposition  oC 
injected  dextrose  in  the  liver  (Madeod.  1916). 

Intravenous  Bicarbonate  in  5AofJt.— This  often  gives  better  results  llian 
plain  saline  infusion;  the  rise  of  blood  pressure  being  more  sustained  and 
the  respiration  deeper  (Seelig.  Ticrney  and  Rodenbaugh,  ign).  The 
bicarbonate.  0.5  per  cent.,  may  be  added  to  the  normal  saline  (Dawson, 
1905)- 
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Alkali  Injtclitm  in  StpUrilis. — M.  H.  Fischer,  who  conceives  nephritis  and  edeu  ^^ 

as  acidosis  (page  647),  has  advocated  this  treatment.  The  diniciU  re&uUs  in  thehasdi  ^^j 
ol  others  have  often  been  unfavorable  and  wmcticics  dangerous  (.W]ru,  WeOauJ;  — ^ff* 
Newburgh,  1^13).  Bogert,  Cnderhill  and  Mendel,  1916,  found  that  the  restorfttiaaof  t^r_i 
the  blood  volume  after  injection  of  saline  dilution  waa  not  hastened  by  the  addllioa  oLA'^^fT 
0.4  pet  cent,  of  sodium  carbonate,  cither  in  normal  or  in  nepliritic  animal».  ^-^^J* 

Bicarbonatt  Edttna. — I^rgi'  doses  of  sodium  hicatboiialc  fabout  ao  Cm.  per  '^^■*~ 
may  lead  to  the  retention  of  w-atcr  and  eventually  to  edema,  in  proportion  to  the  d 
(Hayem.  i8qo].     This  may  occur  in  diabetic  as  well  as  in  normal  uuUvJduok  (^7 
1911 ;  Lcviaon,  IQ15).    It  la  probably  onalogoui  to  salt  edema. 

Alkalies  with  Salicylates. — Large  doses  of  salicylates  may  cause 
appearance  of    albumin  .incl  acetone  in  the  urine.     This  tendency  if 

believed  to  be  lessened  by  the  addition  of  equal  doaes  of  bicarbon^a^b-le 
(Glaesgcn,  191 1).  At  least,  the  bicarbonate  pre^-enla  the  prccipitat^»  ^^Dti 
of  the  irritant  salicylic  acid  in  the  stomach. 

MetaboUsm. — The  direct  effects  of  alkalies  are  not  iraportanL  Perh  mm^w 
the  only  certain  action  is  the  increase  of  urea  at  the  expense  of  aminoO-K^ 
The  indirect  effects  of  digestive  disturbance  may  be  more  sctious. 
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It  h  knovm  that  alkalies  jtsvor  oxidclian;  and  it  has  been  (ound  that  Lhcy  IciLd  to  an 
increased  oxygen  consumption  and  CO.  excretion  (Ixrhm-inn,  j^A^).  Thii  effect  is 
not,  however.  ver>-  large — probably  because  the  alterations  in  the  reaction  of  the  body 
are  never  very  great.  EjEpcrimenls  made  Lo  determine  the  eflcct  on  nUrospn  mfiabol- 
ism  have  given  somewhat  variable  rwulls,  and  Ihrse  were  certainly  not  greater  than  might 
be  expected  from  the  pure  salt  action,  or  from  the  interference  with  digestion  which 
woithl  result  from  large  dosts.  (Oti^es  as  large  as  ij  Gtn.  s(.>diurn  carbonnlc.  20  Gni. 
of  fiodiunn  bicarbonate,  or  40  Gm.  ^tdium.  citrate  do  not  Influence  tJie  total  nitrogen 
excretion.)  MacIjCod  and  Haskins,  iyo6,  found  increased  elimination  of  endogenous 
uric  aeid  and  purine.     Abl.  191.^.  attributes  this  to  the  intestinal  derangement. 

The  ciTcct  upon  carbon  metabolism  is  equally  small  and  uncertain. 

Increase  of  alkalinity  W  said  to  heighten  the  bacttrtal  power  of  the  scrum  and  tissues; 
but  further  endence  is  needed. 

Use  in  Rheumatism,  Gout>  Etc.— The  alkalies,  especially  poLas.sium 
bicarbonate,  acetate,  and  citrate,  have  considerable  reputation  in  acute 
and  chronic  rheumatism,  gout,  etc.  It  is  difficult  to  esiiniaLc  their  effi- 
ciency. There  is  no  good  foundation  for  the  assumption  that  they  in- 
crease the  oxidation  of  uric  acid  or  its  solubility  in  the  tissues.  E-xplana- 
tions  of  their  actions  are  purely  speculative. 

Actions  oa  Urine. — Alkalies  increase  the  flow  and  alkalinity  of  the 
urine  (see  page  714).  These  effects  are  utilized  especially  in  catarrhs  of 
the  urinary  passages,  and  to  prevent  the  formation  of  urate  calculi.  To 
secure  this  alkalinity  requires  about  7  Gm.  of  sodium  bicarbonaie  or  15 
Gm.  of  sodium  acetate  or  citrate,  per  Hay.  The  organic  salts  are  preferred, 
to  avoid  disturbance  of  digestion. 

Sodium  bicarbonate  slow»  the  exrrelinn  of  intravenously  injected  Uctose,  and 
decreases  the  cltlorid  output  {Hertz  and  (ioldbcrg,  1914). 

Use  in  Vesical  and  Urethral  Catarrh. — Alkaline  urine  is  less  irritant 
to  the  inflamed  mucous  membranes,  and  helps  to  dissolve  the  mucus  and 

Sus.    The  dilution  of  the  urine,  and  the  flushing  of  the  urinary  passages 
y  the  diuresis  are  similarly  useful. 

Use  Against  Urate  Calculi. — Alkalies  and  diuretics  can  not  dissolve 
the.se  calculi;  hut  they  prevent  the  precipitation  of  uric  acid  and  acid 
urates,  which  c-an  occur  to  a  serious  extent  only  in  acid  urines.  The 
alkalies  (potassium  or  sodium  citrate  or  acetate)  must  he  given  in  suffi- 
cient quantity  to  keep  the  urine  alkaline  lo  litmus.  Care  must  lie  taken 
that  this  does  not  lead  to  the  deposition  of  phosphates,  since  these  might 
be  deposited  on  the  calculus. 

In  a  few  instances,  it  ha>  tM^en  observed  thai  alkalies  criusi.-d  tfic  breaking  up  of  large 
itooes  into  smaJI  fragments.  Thi.s  can  not  be  attributed  to  a  solution  of  the  uric  acid. 
ITie  explanation  ii  that  prubably  the  calculi  »xrc  composed  originally  of  small  frag- 
menls  glued  lagelher  by  mucu?,,  and  that  the  alkalies  caused  the  solution  of  the  latter. 

TfK  alkalies  can  exert  no  ejfect  on  the  cotuiiiwn  of  the  uric  acid  in  the 
tissues,  since  the  reaction  of  these  is  not  altered.  This  will  be  discussed 
further  in  the  next  section. 

Cystinuria. — .'Ukali  has  a  solvent  action  on  cystin;  its  adminblratioa  in  sulfictcot 
quantity  lo  keep  the  urine  allcaline  prevents  the  dcpodlion  of  cystin  crystal*  (Smillie, 

PREPARATIONS B ICARB  O  N  AXES 

'Pctastii  BicarboHM  fPol  fiicarb).  V.S.V..  B.P.;  KHCO..— ColorUw  crystal*; 
odoricsa;  saline  and  «Ughily  alk.iline  taste;  permanent  in  the  air.  Freely  wl.  in  water 
(1 :3.8);  practically  insol.  in  ale.  Dose,  i  Om.,  ij  gr.,  U.S.P.;  0.3  to  2  Gm.,  s  to  30 
p..  B.P. 
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'Sodlt  BUarhoHOs,  U.S. P.,  B.P.  (BaktHg  5Afj]);NaHC0j.— White  powder;  odorieui 
cooling,  mildly  alkaline  UAtc.  It  is  permaneat  in  dry  air,  but  slowly  decomposes  in 
moist  air.  Sol.  in  water  (i  ;ia)  at  is^C,  praclically  wiihuul  dccompositiun.  Wbea 
heated,  it  loses  CO^,  and  is  converted  into  normal  carbonate.  Praclically  insol.  in 
ale.  JmomfiilihU  \nth  acids  and  acid  salts;  and  with  the  ults  of  most  alkaloids,  metab 
and  earths,  not  wiili  max<ii^^i"^  suh',  in  muderately  dilute  solutions.  Dose,  i  Gm  , 
iSgr.,  U.S.P.;o3  to  J  Gm-  5  lo^ogr..  B.P. 

Trockisci  Sodii  Biccrhonatis.  U.S.P. — 0.18  Gm.,  3  mr.  "soda  minU"  geoernUy  con- 
tain 5  gr,  with  J^  minim  oil  of  peppermint. 


URATE  SOLVENTS 
URIC  ACID  AND  ITS  SALTS 

Acid  urates  occur  in.  solution  in  the  blood  and  tissues;  and  as  the  pecu- 
liar sodium  biuraic  deposits  in  gouty  tophi,  etc.  In  the  urine,  acid  urates 
also  occur  in  solution.  When  the  urine  is  scanty  or  acid  ihcy  may  be 
deposited  as  free  uric  acid  or  "quadriurate;"  i.e.,  a  miJilarc  or  compound 
of  free  uric  acid  and  acid  urate.  These  deposits  may  concrete  into  urinary 
calculi. 

Uric  Acid,  CtHtNiOi,  is  a  weak  dibasic  add,  frhicfa,  under  proper  conditions,  can 

form  three  ieries  of  salLs,  namely: 

Settiriil  C/rafrj.—CkHjXtOrNai;  also  named  dibasic,  normal  or  sccootlary  urates. 
The»c  arc  formed  unly  by  strung  alkalies,  and  can  nut  uccur  under  natural  cooditioiv, 
being  decomposed  by  Ct>j  and  even  water.    They  need  not  be  considered  further. 

Add  Urates. — C»Ht\,0»-Na;  also  named  monutMuic  or  primary  unite  or  biuiatet 
They  arc  neutral  to  litmus. 

Quadriurate. — C*HjN',0»Na  +  C|H4N«0(;  also  named  bemfbasic  urate  or 
trauretc.  ]t  isa  mixttir<.-orsulultt>n«^  uric  add  OAdftCid  urate.  The  quadriurate  fo 
the  sedimentum  l&teritium  in  cooling  acid  urines.  On  i>tanding,  it  separate*  uric  . 
crystals.     Water  di&.solve^  out  the  ucid  unite,  and  leaves  the  uric  acid. 

There  has  been  much  di^rusdion  a*  to  the  nature  of  the  cDmbinalton.     Kuhler,  (91 
considers  it  a  simple  mixture.     Ringer  and  Schmutzer.  iqi  },  rv^rd  it  n^  a  "*oUd  m^' 
tion"  of  uric  add  in  acid  urate;  which  can  be  furmed  at  body  temperature,  but  w1  ~ 
b  unstable  on  cooUng  and  thus  separates  the  uric  acid. 

Other  Urate  Deposits  in  Urine. — The^e  may  consist  of  uric  acid  in  arid  urines '} 
acid  urates  in  acid  or  neutral  urines;  and  ammonium  urate  in  neutral  or  ammor*^ ' 
urine.     The  add   urate  is  gtnerally  amoqilious;   but   may  be  cryvtallme  in   neta'^ 
urine. 

Urate  Tophi. — These  consist  alw.iy<.  <>f  acid  urate*  (Rltter,  1807);  so  do  tbr  yiar-^ 
depo*i[<  in  anim.iU,  even  when  free  uric  add  is  injected  (Loghem,  1910;). 

Actions  of  Orates. — The  impuruijice  of  these  lie<  in  the  fact  that  they  may  be  for  ^n 
or  retained  in  excessive  amounts  in  pathologic  conditioni^  when  they  first  produc^s^ 
flammatory  necrosis  of  cells,  and  are  then  dept^isited  in  insoluble  granular  form.  "K 
becoming  cr>'stalltne,  acLt  as  a  poweriul  mechanical  irritant,  produdng  the  pheooix:^' 
of  Kout.  These  can  be  simulated  in  iinimnU  by  the  injection  of  suspcnuons  of  -^ 
sodjum  urate,  and  in  birdsby  ihirsubL-utani-ousinjeiUan  of  chromates,  orcvenbylig^  "• 
ol  the  ureters.  The  cause  of  the  abnormal  appearance  of  the  uratic  deposits  in  ^^ 
etc.,  is  not  undcratood.  It  seema  to  be  conaccied  with  cfaaag»  in  protela  met*boE^*- 
perhap*  also  with  intestinal  putrefaction. 

Solubility  and  Precipitation.— Free  uric  acid  is  very  little  soluble.      — ^^ 
acid  urates  als-j  have  a  limited  solubility.     The  solution  may  be  fav-c^  ""w 
or  hindered  by  a  variety  of  conditions,  some  little  understood.    It  wc»^  m-aW 
be  desirable  to  increase  iJieir  solubility,/.!.,  to  prevent  urate  dcposit-^^" 
the  tissues  and  urine;  if  possible,  to  dissolve  these  depoals  when  fomrn^*'' 
and  perhaps  to  favor  the  elimination  of  the  urates  in  gout,  etc-     M  j»^^ 
attempts  in  these  directions  have  failed,  because  they  were  based  on  »^" 
perfect  understanding  of  the  chemical  data.    Alkalies  dissolve  »  Wxnit^ 
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amount  of  free  uric  acid,  by  converting  it  into  the  more  soluble  acid 
urates.  This  is  the  only  direction  in  which  some  success  has  been  found, 
and  this  is  confiaied  to  the  urine. 

I  The  study  of  the  solubilities  is  greatly  compUcatcd  by  Ihc  smull  quantities  (foing  into 
■olution,  the  polyvaEence,  formation  of  colloidal  ^oluUans,  supers eu ration,  the  influence 
of  small  (tuatilitic"3  of  impurities,  decompositions,  etc.     (His  and  Paul,  tgoo). 

Uric  Acid. — Purcft'atfr  disMlvcsat  iS°C.  only  25  mg.  of  uricicid  per  liter  =  i:  40,000 
<Ht5  and  Paul).  At  40°  the  solubility  h  probably  doubled.  AikdtUi,  even  the  bicar- 
bonate or  phosphate,  trafisfurm  part  uf  the  uric  acid  into  acid  urate,  and  therefore  in- 
crease its  solubility.  Free  acids  diminish  the  solubility,  since  they  decrease  the  ioniza- 
lion;  untlissociated  uric  acid  being  less  5olublc  (His  and  Paul).  Addition  of /rw  tir'rc 
acid  to  urine  may  precjpiiite  a  part  of  the  uric  add  oriKinally  in  solution  (Voit),  pre- 
sumably by  acting  as  a  crystallizing;  nucleus.  The  solubility  in  serum  is  much  greater 
(500  mg.  wr  liter)  than  in  water  (IlechKnld  and  Ziegler.  iqoi)).  This  is  probably  due 
to  the  (olloids;  and  it  is  probable  that  the  colloid  con.'ititucntA  of  ihc  urine  al^o  contrib- 
ute to  the  solubility  of  the  uric  acid  and  urates  (Lichtwitz,  1910).  Ruedcl.  1S92, 
claimed  that  urea  ha.s  an  inipurtant  solvent  action;  but  Ritter,  iSg?,  finds  this  very 
limited. 

Acid  Urates. — The  solubility  uf  the  itifTrrcnt  urates  In  water  is  about  as  follows 
(.\lLin  and  BenAch,  1S48,  etc.): Li,  1:330;  K,  1:800;  Xa,  1:1,300;  NH».  i:  1,600:  earths, 
I ;  4,00a  to  6,cx)o.  Etttess  of  the  alkali  or  other  salts  decreases  the  solubility,  by  "salt- 
Die  out,''  in  proportion  to  their  concentration  ( Roberts;  Ritter).  The  salts  of  the  plasma, 
1,1.,  reduce  the  solubility  to  one-tenth  uf  that  in  water  (His  and  Paul}. 

Solid  sodium  acid  urate  occurs  in  two  forms:  when  freshJy  precipitated,  it  U  gelat- 
inous, coUcHdal  or  amorphous;  later,  this  bccomca  crystalline.  The  colloidal  form  is 
more  easily  soluble  I  Ilensrh).  (■iid/.ei)l,  igoS  and  itjoi},  claims  two  forms,  the  ordinary 
mure  soluble  lactam,  wbidi  is  gradually  converted  into  the  Less  (two-thirds)  soluble 
lactim. 


HN-C=0 
►=-C    C-NH 
HN-C-NH 


'O 


OH 


N-C-OH 

-C     C-NR 

II      II       >C-OH 
N-C-XH 


L«ciim  (ijrm. 


lafluence  of  Phosphates  on  Acid  Urines.— The  add  XiiII,POi  liberates  and  precipi- 
tates uric  acid;  this  is  counteracted  by  the  presence  of  tbe  alkaline  Xail[rO«;butexceu 
«f  the  latter  prectpitatci  tbe  acid  urate  by  "salting  out"  (Ritter). 

H  Alkalies  on  Urate  Deposits  in  Tissues. — The  »>lvent  action  of  the 
^alkalies  extends  only  to  free  uric  acid.  When  all  the  uric  acid  e.usts  as 
acid  urate,  as  it  does  within  the  body,  the  addition  of  alkali  can  have  no 
further  solvent  action.  On  the  ontrar>',  excess  of  alkali  or  other  salts 
lends  rather  to  decrease  the  solubility  of  the  urates.  It  is  evitk-nl  ihcrc- 
lore  that  no  direct  solvent  action  can  occur  on  ihc  urate  toplu  (Ritter). 
This  inefficiency  has  been  confirmed  by  clinical  experience.  If  alkalies 
iiave  any  effect,  which  is  doubtful,  it  would  be  due  solely  to  their  diuretic 
action. 

Loghera,  1907,  even  claimed  that  hydrochloric  acid  is  more  useful  for  preventing  the 

formation  of  urate  deposits  in  animals,  presumably  by  lessening  the     salting  out." 
Jtitler  Lad  a  similar  idea.     This  has  not  been  confirmed  (Staul,  itjoS). 

Uric  Add  Retention  in  Diiease. — The  older  notions  were  based  on  faulty  analytic 
vncthods.  According  to  the  more  reliable  determinations  of  folin  and  Dcni>,  1913 
«nd  iQiSi  and  Pratt,  1913  and  igij,  normal  human  bWjd  contains  1  to  1.5  rag.  of 
*jric  acid  per  100  c.c.  The  projiortiun  is  notably  increased  (:.$  to  4.7  mR.)  in  Rout 
<avcrage  ^.7  mg.) ;  in  lead  poisomng,  leukemia,  and  some  cases  of  arthritis  and  nephritis. 
Relatioa  of  Uric  Acid  to  Gout-— The  occurrence  of  unite  lojihi  is  a  striking  proof  of 
•disturbed  urir.  add  conditions  in  this  disease,  but  need  have  no  causal  connection.  As 
has  been  said,  the  uric  acid  of  the  blood  is  very  generally  increased,  but  this  may  be 
«ven  hitther  in  other  diseases  and  non-gouty  arthrili'*.  In  Rout,  however,  this  is  not 
Accompanied  by  retention  of  non-protein  nitrogen  (Folin  and  Denis,  IQ15).  It  was  for- 
merly Kelievcd  that  delinilc  changes  in  the  uric  acid  content  of  the  blood  occurred  during 
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the  acute  gouty  attacks.  The  modem  results  indicate  that  this  U  not  cnrrect;  Imt 
thai  the  umte  cnncenlralion  is  the  same  during  as  bclw«ea  attaclu;  and  that  the  at- 
tack*, occur  when  ihe  urate  conccntraiion  has  bcirn  lavvcrcd  by  ilophon  (Dantds  and 
McCruddcn.  1015' 

Increased  Elimination  by  Drugs. —This  has  been  disruswd  under  Alophan.  The 
cUminutiun  is  also  increased  by  diurt-si*,  but  vrilhoul  any  constant  ratio  {J.  H.  Robert- 
son, 1914}- 

Alkalies  on  Urates  in  Urine.— The  conditions  for  the  solvent  efficiency 
of  alkalies  are  much  better  in  the  case  uf  acid  urine.  This  contftins  not 
only  acid  urates,  but  also  free  uric  acid,  often  in  saturated  solution. 
When  the  urine  rools,  becomes  more  add,  or  under  other  condition*.,  the 
solution  may  become  supersaturated.  The  uric  acid  will  then  precipitate 
alone,  or  in  combination  with  part  of  the  acid  urate  (quadriurale).  This 
can  be  prevented  either  by  making  the  urine  marc  dilute  [diuresis),  or 
by  making  it  less  acid.  .Mkalies  act  in  both  directions  (Buchheim.  1853). 
The  greatest  solvent  action  can  be  obtained  by  administering  adequate 
doses  of  sodium  citrate  or  bicarbonate,  together  with  plenty  of  water 
(Haskins,  1916).  Too  high  a  concentration  of  alkalies,  as  of  other  salts. 
would  render  the  add  urate  less  soluble;  but  in  practice,  the  adminiM  ration 
of  alkalies  docs  not  raise  the  total  concentration  of  the  urine,  especially  il 
water  is  taken  freely.  Alkaline  urines  wouiti  also  dissolve  actually  prr- 
cipitated  uric  acid;  for  the  urine,  after  the  administration  of  alkalies,  is 
able  to  ilisaolve  more  uric  acid  than  before  (Haskins,  iqi6).  Wnh  the 
practical  limits  of  the  alkalinity  of  the  urine,  however,  this  solution  is 
so  slight  that  it  has  little  effect  on  formed  calculi.  The  injection  of  alka- 
Une  solutions  into  ihc  bladder  has  not  been  more  successful  (Buclihcim). 

Solvent  Power  of  Urine  far  Uric  Aci(t.^Haskins,  1916,  finds  thai  this  varies  with  its 
reacliun  and  cumenlriitiun.  Urines  uf  acidity  ^H  =  6.t  and  itverriui  not  diu«^veaoy 
added  uric  acid;  ihose  thai  are  less  acid  or  alkaline  take  up  more  and  more,  according  to 
their  Alkiiliiiity.  Concvntnttcd  uriim  di*<sulve  more  (though  not  in  Mricl  proportiooj 
than  do  dilult:  urines  of  the  sarae  reaction. 

Destruction  o<  Uric  Acid.— Hasham,  iS;o,  claimed  ihat  alkalies  ir,  —  --'  -Vc  de 
&lructiiiii  of  uric  ui'iil,  but  further  cxiH-rieiue  «huw<:d  this  to  be  umr  iraflj 

Dcgative  (Scverin,  iS6ti^  liihium,  tioLe  and  Uuchheim,  iS6j).  The  >.L.U-.  .i-ja  b> 
more  concentrated  alkalies  has  been  studied  by  Stevens  and  May,  1911. 

Difference  in  Bases. — The  acid  urates  of  different  bases  differ  some        ^ 
what  in  solubility.     The  solubility  of  sodium  urate, /.i.,  is  alxjut  one-ba^ir'_     jf 
that  of  potassium  urate,  one-third  that  of  lithium  urate,  etc.     It  mi^ 
seem  therefore  that  the  solubility  could  be  improved  by  Lite  administrutl 
of  K  or  Li  salts.    This  is  true  of  pure  solutions  (or  when  sodium  u 
or  urate  stones  or  tophi  are  treated  with  lithium  carbonate);  but  it  can 
occur  in  the  presence  of  an  excess  of  Na;  for  according  to  ordin 
chemical  laws,  when  several  bases  compete  for  an  acid,  it  is  the  h 
soluble  salt  which  is  always  formed  (e.g.,  BaSOi  in  a  mixture  of  H:- 
NaOH  and  Ba(0H)2).     Since  there  is  always  an  excess  of  Na  iorts 
the  blood  and  urine,  the  Li  and  K  would  have  no  chance  to  exert  tl» 
solvent  action.     The  very  slight  superiority  of  lithium  could  exist  on 
with  very  large  doses,  and  these  are  unsafe  (Haskins,  1916). 

Organic  Bases.' — The  same  reasoning  applies  to  these  (elhylenami 
piperazin  and  piperidin).    These  also  would  be  unable  to  compete  uairV  -^ 
the  Na.    Moreover,  they  are  excreted  imperfectly,  so  that  their  alEalifl^'*' 
efficiency  in  the  urine  is  probably  inferior  to  that  of  the  ordinary  aJkatio. 
However,  In  some  unexplained  manner,  large  doses  of  piperazin  (2  Gin.} 

*■  The  literature  on  organic  "urate  solvents"  is  reviewed  by  llaoiUk. 
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do  confer  a  somewhat  greater  solvent  action  than  exists  in  normal  urines 
of  the  same  reaction.  The  difference  is  not  sufficiently  great  lobcsigiiifi- 
cant  (Haskins,  1916). 

Piperidin. — ThUisdIelhylen-diamin,  IINf  ySH.     It     produces     rit. 

Vh,  -  ch,/ 

tjrmptoms  and  i<i  prartically  non-tnxic.  The  M>lv(Tnt  pow^r  for  uric  aricE.  in  pure  solu- 
ttoti,  is  said  to  be  nighcr  than  that  of  LiiCOi  (Mayert  and  Schmidt,  1840;  Pllu)$)^.  1895; 
Stevens  and  ^(ay.  iqi  i),  but  :tlill  insulTicicnt  to  make  much  iraprifSAliMi  on  a  solid  stunc 
(Pcozoldt).  In  the  presence  o(  \a  salts,  and  therefore  in  the  blood  and  urine ,  it  is  not 
Buperinr  to  other  alkalies  {.Mendelsohn,  i&ga;  Mciscls,  1843);  and  since  a  part  isoxidixed, 
and  therefore  only  a  frartiim  appears  in  the  urine.  i!s  effect  on  the  nlkilinity,  and  there- 
fore OQ  the  solvent  power,  is  less  than  that  of  NaJlCOi.  TheclinicalTcsultshavebecn 
tbtoonaiani  and  inilctinite. 

These  limitations  apply  also  to  the  derivalives  of  piperidin  (dimcthyl-pipcrazin  ■ 
Lyc^lol,  Wittzack,  |S(J4;  cthylen-ftlicnyldiarain  =  Lyitdtn,  Ludvntdirg,  TS94I.  Kc- 
lenta  ha*  been  rcitorteti  from  ly^idin  (Ortncr).  Piperidin  was  introduced  by  Tunni- 
cliRe  and  Kost-nhcim. 

Organic  Bases  on  Elimination  and  Destruction  of  Uric  Acid. — The  attempt  to 
attribute  tbc  supposed  clinical  rnect<v  to  these  mrchanisms  is  also  without  foundation 
(Waucumont,  njii'),  although  piperidin  does  somewhat  increase  the  elimination  of 
uric  add,  probably  tn  inrrciving  Its  furrnalinn  llirough  intestinal  irritation  (Abl,   IQ13). 

Hexamethylenamui  on  Uric  Acid.— This  and  the  related  compounds  (Citarin.  etc.) 
hive  a  solvent  and  destructive  action  on  uric  acid,  even  in  acid  urines  (Stevens  and  ifay. 
1911;  Hukins,  1915}.  This  Is  due  tn  their  furmaldehyd.  They  were  therefore  ad- 
vocated as  umte  solvents  (Bardct  and  Laquers).  The  action,  however,  is  impercept- 
ible with  the  ordinarj'  dose^  (Nicolaier:  Haskint.,  1915;  review,  Hanztik,  1916). 
Buses  of  4  Om.  make  the  urine  distinctly  more  solvent;  but  an  equal  effect  can  be 
secured  by  rendering  the  urine  alkaline  to  ^H  7.1  to  7.4,  through  the  administration  of 
bkarbonate,  etc.  fHaskins). 

PREPARATION 

Piperidin  and  its  derivatives  are  described  in  N.N.R. 


ORGANIC  ACIDS  AND  THEIR  SALTS 

Local  Action  of  Organic  Acids.— Free  citric  and  tartaric  add  are 
relatively  mild  acids,  used  mainly  for  flavoring  and  for  producing  efferves- 
ceoce  with  carbonates.  Acetic  acid  is  somewhat  more  active.  Lactic 
acid  is  employed  as  a  mild  caustic  for  rhe  solution  of  false  membranes. 
I'ormic  acid  is  used  as  a  counterirritant.  The  fatty  acids  are  discussed 
under  the  OiU. 

Fate  and  Systemx  Actions.— The  organic  acids  are  mostly  oxidized 
in  the  tissues  to  CO;  and  H^O.  Their  salts  therefore  are  converted  into 
die  bicarbonates,  potassium  acetate  into  KHC  Os(KC3H,0:  +  40  = 
KHCO|+ CO3  +  H-Ot;  sodium  citrate,  into  NaHCO,,  ere.  and  thus 
eicrt  an  alkaline  action  after  ahsor[>tion;  although  before  combustion 
they  may  be  neutral  or  ^dd.  Their  systemic  action  is  thus  identical 
?nih  the  adminislraiion  of  alkalies,  but  the  local  action  is  absent.  This 
IS  wmetimes  of  material  advantage,  as  in  rendering  tht:  urine  alkaline 
with  potassium  acetate  or  citrate.  They  are  also  diuretic,  and  are  often 
u^-d  in  catarrhal  cj-stltis. 

before  the  oxidBliott  Is  completed,  they  may  exert  ion  actions.  These  are  small  for 
«^uics;  somewhat  problematjcal  for  forraales.  Oxalates,  citrates  and  Urtralc  inac- 
tt^  *«"u>n  lK<  page  686).  The  tartrates  are  but  poorly  absorbed,  and  hence  act  a» 
»m  Mthartic*  (s«  pag«  653).     atnites  share  this  to  a  less  degree. 
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ACETATES 

Potassium  and  sodium  acetates  arc  iised  mainly  as  alkaline  diuretics. 

PREPARATIONS — ACETATES 

Aculum  AceJkum  Gl<KiaU  (Acid.  Acet.  Glac.).  U,S.P.,  B.P.;  Glacial  Acetic  Add 

90  per  cent,  of  C,  H4OV     Congeals  about  u-j^C. 

Acid.  Acei..  U.SP.,  B.P— 3O  per  cent..  U.S.P.;  33  per  cent.,  B.P. 

'Acid.  Acft.  £»(•/.— 6  per  cent.,  U.S.P.;  j  per  cent.,  B.P.     Clear,  coktrlcss  UqttUA> 
characteristic  vinegar-tike  odor,  acid  taste.    Mucible  with  water  or  alcohoL    D»s^^ 
7  cc.  30  minims,  U.S.P.;  j  to  4  c.c,  ^  to  i  dram,  B.P. 

Acriiim.  Vinegar. — Corresponiis  in  strength  to  the  preceding. 

{'Liq.  Aminon.  Acet.-^Scc  Index.) 

Vu/djjrV  Acefos  (Pot.  .Uet.),  U-SP.,  B.P..  KCiHiO,.— While  powder  or  cryslallie^ 
masses;  odorles.<i;  saJine  taste,     Deliquciices,  and  hence  should  not  be  dLspenied      ^^ 

fowdcrs.     Very  sol.  in  water  (1:0.5!;  freely  sol.  in  olc.  (1:3.9).     Oosf,  t  dm..  15  9^ 
T.S.P.;  1  to  4  Cim.,  15  to  <Jo  gr..  R.P.;  diluted. 

Sod.  Aeet.  U.S.P.,  NaCiH,0,  -h  ^HiO.— Colorless  cr>'«tal9  or  srnoulBr  powd^= 
odorless;  saline  taste.  EUlorescent.  Very  sol.  in  wmter  (1:0.8);  sol.  ia  ak.  (m^^a 
iTiur,  I  Gin.,  15  gr..  U.S.P. 


CITRATES 


General  Statement. — These  are  used  especially  as  alkaline  diureti 
Sodium  cilralc  can  be  admini.^tered,  /.i.,  in  dialietic  coma,  in  large  d 
30  to  50  Gm.  per  day,  without  digestive  disturbance  or  diarrhea  iLic 
\vil2,  191 1).    Citric  acid  (about  i  per  cent.)  is  used  as  a  refrigerant  dru 
in  fevers,  etc.    It  is  also  used  as  prophylactic  against  scur\*y;  often 
lemon  juice,  which  contains  about  8  per  cent,     A  large  lemon  conta 
about  4  Gm.,  ordinary  lemonade  about  0.5  per  cent.    The  syrup  i= 
useful  flavor. 

Fate, — When  injected  into  a  vein,  the  citrate  disappears  rapidly  from  thedrcuUtS 
After  hypodermic  injection  in  rabbits,  nbout  11  per  cent,  is  excreted  in  the  oiinc;  •■ 
cats.  30  j»iT  cent,  with  doRs,  40  [>cr  Cent.  (Salani  and  Wiie,  1916). 

Action  on  Calcium. — The  citrates  form  double  salts  with  calcium,  which  do 
liberate  Ca  ions.    Their  intravenous  injection  (not  oral  sd ministration)  prnducc^ 
typical  effects  of  Ca  deprivation  (Sabbatani,  1901;  VictinghoQ-Scbeel.  1903:  Mar 
1904;  KC  Calcium).     Tne  injection  of  minute  quantities  into  the  brain  prodacn 
convulsant  effects.     Repeated  hypodermic   injeciion&  of  increasing  doces,  create  rr 
siderablc  tolerance  (Ronertson  and  Burnett.  1912). 

Coagulability  of  the  Blood. — Citrates,  like  other  Ca  inactivate 
render  the  bluod  non-coagulable  in  vitro.  When  moderate  doses  (to 
50  c.c.  of  10  per  cent.,  for  man)  are  injected  intravenously,  however, 
coagulation  time  of  the  circulating  blood  is  definitely  .shortened  (W- 
lots).  The  mechanism  has  not  been  explained.  Wiih  oral  administ- 
tion  of  t  to  3  Gm.,  Coleman.  1909,  <it'scrilx*  a  doubtful  di-iay  in  cixtgulali- 

Use  in  Transfusion. — Weil,   1915.  introduced  the  use  of  "citra' 
bloo<l,"  the  blood  of  the  donor  being  kept  uncoagulatcd  by  the  addit 
of  1  cc.  of  10  pt*r  cent.  sod.  citrate  per  10  cc.  of  bhjod.    This  has 
kept  for  two  weeks  before  injection:  5  Gm.  of  citrate,  introduced  in  1- 
manner  has  no  other  effect  on  the  recipient  than  the  above  shorienin^ 
coagulation  lime. 
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.tion  ol  ETythrocytes. — CenirituRation  nf  blooH  injures  the  corpuscles  me- 
ly,  rcsulliiig  m  itntncdialc  or  delayed  hemolysis.  This  is  cxpcctally  marked  with 
dog».  less  with  rabbits  or  sheep.  Huinan  vorpuscles  are  quite  resistant.  Prolcirtion 
U afforded  by  viscid  solutions,  Mich  as  plasma,  or  better  gelatin  (.^  percent.).  Human 
corpuscles  du  not  require  this  prutcctiun.  'Fhc  resistance  to  mechanical  injury  is  not 
related  to  the  osmotic  resistance.  Drawn  hlixiH  gradually  hemolvses.  even  on  ice. 
Gehitin  doca  not  protect  against  this.  Preservation  is  best  secured  by  sugar*  (2  per 
cent,  of  dextrose  nr  s  pfr  cent,  of  de\tfos«l.  This  presf  rves  bkuKl  suitable  for  irjectmn 
for  over  two  months  [Rons  and  Turner,  1015). 

Sodium  Citrate  in  Hemophilia. — liitmienuu^  iniectiun  produces un  immediate  and 
marked  shorteninK  of  the  cua^^u  la  tion -time.  This  i>^  followed  in  one  to  two  dayi  by 
return  to  the  onginiil,  or  even  l>y  a  slower  coagulation.  Intramuscular  injection  haa 
no  efFcct  (Ottcnbcrg.  igifi). 

Other  AnticoaguUnts. — In  laboratory  experiments,  t-he  coagulability  of  blood  can 
easily  be  diminished  or  ahutishe<l.  Leech  extract  has  this  effect,  whether  it  is  injecte<l, 
or  added  to  shed  blood;  albumose^,  only  wKen  injected;  citrates,  oxalates,  fluorids,  con- 
centrated solutions  of  other  <«lt8,  formatdehyd,  hydrocyanic  acid,  etc.,  only  on  shed 
blood  (by  rcmovinj!  the  calcium  ur  inhibilinj;  the  fibrin  fernii-nts).  \one  of  these  dru^» 
can  be  u«d  effectively  on  patients,  except  by  local  application. 

Coagulatioii  of  MiUs— The  inadivation  of  calcium  ty  dtrates  also  prevents  the  clot- 
ting; of  mi!lc.     Their  addition  to  cow.^'  milk,  produces  a  looser  curd  in  the  stomach. 
This  is  utilized  in  infants  (i  to  3  gf-  of  citrate  per  ounce  of  milk),  when  ordinary  milk  is 
ot  well  borne  (ciinls  in  vomits  and  stools).     It  should  be  reduced  or  omitted  u  soon 
the  need  is  passed  (Cotton,  1906). 

PREPARATIONS — CITRATES 

-Acidum  Citricum.  U.S.P.,  B.P.;  Citric  Acid,  CiH,(OH>(COOH),  -t-  H,0.— A  tri- 
liasic  organic  acid  obtained  from  the  juice  of  limcn  or  lcmon&.  Colorless,  translucent 
rjrisms  ur  a  while  powder;  odorless;  having  an  add  taste;  cfllorescent  in  warm  air, 
\>ry  sol.  in  water  (1:0.5);  freely  sol.  in  ale.  (i:i.S).  Dose,  0.5  Gm.,  8  gT.>  ir.S.P.; 
^.3  to  1.3  Gm.,  5  to  JO  gr.,  B.P. 

{*Syr.  Acid.  C/l.— Sec  Index.) 

X.IJ.  Amman.  Ct'l.,  B.P. — Dose,  8  to  24  c^.,  a  to  6  drams,  B.P. 

*Pctassii  Citras  (Pot.  CiL),  U.S.P..  B.P.,  K.,Cai.O,  +  H,0.— Transparent  prisms 
^3r  white  granular  puwJer;  udorless;  cooling  saline  taslc.  Very  sol.  in  water  (i:a.6J; 
■^/try  slightly  *ol.  in  ale.     Doie,  1  (Jm..  15  gr..  L'.S.P,-.  i  to  4  Gm..  15  to  60  gr..  B.P. 

Liq.  Pot.  Cit.,  US. P. — 8  per  cent,  of  the  anhydrous  citrate.  Musi  be  recently  pre- 
I=Kired.     Dose.  15  c.c,  4  drams,  U.  S.  P. 

Sod.  Cit..  C.S.P.,  iNa,C.H,Oi  +  iiHjO.— White  granular  powder;  odoriess;  cool- 
's, ng  saline  taste.     ERIorescent.     Freely  sol.  in  water  (i:i.t);  insol.  in  al. 
-^fciiT.  I  (im.,  15  gr..  U.S.P. 

Sod-  Ciirit.,  Tarl.  Ef.,  B.P.— />«5b,  4  to  8  dm.,  i  to  3  drams,  B.P. 
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These  are  but  slowly  absorbed  and  therefore  act  as  .valine  cathartics.     They  are 
omolctely  bunied  in  the  orguni!>m.  »nd  have  no  other  adimi  (Pau^t.  mio).     It  ha-s 

Cmetl  that  they  sumcwhat  limit  nitrogen  mecaboLiunt  after  the  manner  of  fats, 
ic  Acid,  see  Index. 
Action. — Fiee  formic  acid  occurs  in  i^everal  animals  (ant?,  etc.,  Faust,  1910) 
«,nd  plants  (nellies),  and  is  partly  responsible  for  their  irritant  eflecLs.     (Berchart, 
»9i5,  concludes  that  the  effects  of  nettles  are  not  due  to  formic  acid.) 

Formic  acid  resembles  arelic  acid,  but  is  more  vtilalile.  more  irritant,  more  antisep- 
tic and  more  resistant  to  oxiclaiion.  It  has  a  popular  reputation  as  a  counterirritaot, 
Hut  is  probably  not  superior  to  olht-r  irritants.  It  is  usuaily  employed  in  the  form  of  the 
Stiritus  Formiiarum,  etc.,  corre-iponrling  to  i  per  cent,  of  the  .^bsolute  acid  in  two-thirds 
atcohol  (this  ivas  formerly  obtained  by  macerating  ants).     Its  antiseptic  action  has  been 
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utilued  for  the  pr«MTvation  of  food;  o.i  to  0.15  per  cenLof  free  absolute  mcid  nif&ca 
(Lcbbin,  1006).  T\\v  formates  are  not  anttseptir.  Daily  doses  of  0.5  Gm.  of  formk 
acid  are  6aid  to  cause  no  injurious  efTectii  larger  dose^  only  local  aclionit.  equivalent  u» 
acetic  acid  (Lcbbin).  EppiDCcr,  iQtj.  adtniuistcrcd  !>o<lium  formate.  3  to  4  Cm- 
daily,  to  three  patients.  Two  felt  no  discomfort;  the  nther  developed  albuminuria  and 
hematuria,  Dcrustin;:  for  five  daj-s.     Further  experience  is  needed. 

Fate. — Formates  are  oxidi/eo  !<■>.«  r(.-n<]ily  than  other  organic  salts,  so  that  a  greater 
|Voportion  [up  to  two-thirds)  appears  uncbanged  in  tbe  urine.  With  &maUcr  dotea, 
the  de-itniclion  may  be  mure  complete  (Polil)-  The  oxidation  occurs  mainly  ta  the 
liver  (Fleig,  igo;). 

Nomul  OccuiTcnce. — A  small  quantity  of  formates  occurs  normally  in  mammaliar^ 
tissues.     In  nmn,  ihc  norniAl  daily  urinary  excretion  is  tj  to  110  mg.     This  indicate^ 
that  considerable  quantities  arc  formed  In  intermediate  metaboUim.  probaUx  of  aU 
classes  of  ftwKls.     It  ^a  also  formed  from  formaldchyd  and  methyl  alcohcd,  not  froMk. 
ethyl  alcohol  (Dakin,  Janney  and  Walceman,  1913). 

Systemic  Actions. — T^rge  doses  are  <liuretic,  [lerbap^  bv  renal  irritation  or  vaaodfl^.-^ 

tion  (Mirig,  IQ07),     They  arc  also  said  to  cause  methemoglobinemia  (Croner  and  Sdi^- 

mann,  1Q07).  The  general  circulation  is  not  affected,  even  by  large  dows;  enormoi^^ 
doses  depress  the  heart  (Livicrato,  igofi).  The  toxicity  is  low.  so  that  6  to  10  tlm.  <^^ 
fiodium  formate  may  be  taken  daily  for  a  limited  time  (Fleig).  Stimulant  efTecU  w^a^- 
vorious  kinds  have  been  claimed  hut  shown  lo  be  absent  by  Fleig.  Forraic  acid  **  t^ 
beealaudedinallsortsnf  conditions  (Garrigue,  Clement ;Huchard,  t90>;H.  Stent,  190^^ 
but  withcwt  good  ground^  (Fleig). 

PREPARATION 

Acidum  Farmicum. — The  acid  ofTicial  in  forejj^  countries  cootalDs  35  per  ceat.        ^ 
HCOjH.     The  dose  is  slated  as  i  to  10  drops. 


METALS  AND  THEIR  SALTS 

Genend  Statement.— The  different  metallic  salts  have  many  featLKi-««s 
in  common.  They  combine  with  proteins,  and  therefore  act  locally  -^aa 
astringents,  irritants,  corrosives  and  antiseptics.  After  absorplioD,  th^"^"" 
effects  arc  chiefly  circulatory,  especially  on  the  blood  vessels,  but  also  (*■  ■"*'* 
the  heart.  Changes  in  the  capillaries  are  characteristic,  and  lead  r^^-** 
phenomena  analogous  lo  those  of  inflammation.  Their  excretion  by  ^^^"^^^L. 
kidneys  results  in  nephritis.  Being  slowly  excreted,  they  readily  produo^^^^^ 
chronic  poisoning,  resulting  in  nervous  and  metabolic  disturbances.  ^^y 

The  toxicity  of  the  different  metals  depends  largely  on  their  absorb-    ^^^«t 
ability,  which  \'aries  greatly.    Iron  salts, /.»'.,  are  ordinarily  DOD'tonc 
because  only  traces  are  absorbed. 

Metallic  poisons  are  generally  more  toxic  lo  herl^vora  than  to  camivora — probably  ^ 

because  they  remain  longer  in  the  alimentary  caruil  of  herbivorous  anlnuia,  alltMfaiK 
greater  absorption. 

Relative  Absorbability  of  die  Metals. — Arsenic,  mcrcur>*,  and  uranium 
arc  the  only  nictals  fht.-  absi.)q>li(>n  vf  which  \&  of  an  extent  sufficient  lo 
cause  acute  systemic  poisoning  with  non-corrosive  doses.  Phosphorus, 
which  behaves  pharmacologically  in  many  rcsiM:cts  like  metals,  is  absorbed 
still  more  readily.  Other  metals  are  absorlwd  much  more  slowly.  To  this 
class  belong  lead,  silver,  tin,  andiron.  Any  metallic  salt,  if  given  io  strong 
solution,  will  cause  corrosion  of  the  mucous  membrane  of  the  aliroentar)' 
canal  and  will  then  be  absorbed,  and  would  exert  its  systemic  action  w^re 
it  not  that  the  local  effects  often  kill  before  the  systemic  can  come  into 
play. 

Habituation  to  Local  Action. — If  the  administration  of  a  metallic  sail 
is  begun  with  small  doses  and  gradually  increaAcd,  it  becomes  possibk 
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to  administer  without  local  effect  doses  which  would  at  first  have  produced 
corrosion  (Hausmann,  1906).  Habituation  also  diminishes  the  absorption 
of  arsemc.  but  not  of  antimony  (Cloetta,  1906  and  1911). 

HabitUAtioQ  of  Lower  Oi^uiisms.— Ycasta.  baclcria  aad  proluzoa  readily  acquire 

considerable  loleranc*  la  the  various  mttal^.  This  may  be  iransmiltcd  for  gcneralions, 
and  may  or  may  not  extend  tu  other  rnc:aL>>.  The  cxpcrimcnui  of  Neuhaus,  ti>io,  with 
infusoria;  and  the  trypanosorac  studies  of  Khrlich,  tgio,  present  many  interesting 
{acts. 

Solubility  and  Absorption. — To  be  absorbed,  the  metal  must  be  in 
soluble  form;  but  it  is  U)  be  borne  in  mind  that  the  solubility  in  the  ali- 
mentary canal  is  not  necessarily  the  same  as  the  solubility  in  water  in  a 
test-tube.  The  combination  of  the  metal  will  usually  l>e  changed  in  its 
passage  through  the  digestive  tract,  In  the  stomach  it  will  l>c  converted 
largely  into  the  chlorid^in  the  intestines  into  the  carbonate  and  sulphid. 
The  metallic  salts  also  enter  into  double  combinations  with  proteins,  and 
these  are  often  soluble  in  an  excess  of  the  latter,  Tn  these  ways  such 
iosoluble  compounds  as  mercuric  oxid,  mercurous  chlorid,  lead  sulphate, 
and  silver  chlorid,  may  be  brought  into  solution. 

Ion-action. — The  characteristic  effects  of  the  metals  are  produced 
only  when  ihcy  are  ionized.  The  uncombined  metals  and  molecular 
organic  compounds  (for  instance,  the  organic  arsenic  derivatives)  tlicrc- 
fore  do  not  produce  the  typical  actions  of  their  metallic  ions  directly. 
They  may  cause  effects  of  their  own,  differing  from  those  of  the  ions;  or 
they  may  be  inactive.  Eventually,  however,  they  are  usually  transformed 
into  ionized  compounds,  and  therefore  gradually  develop  the  ordinary 
actions^  but  much  more  slowly.  The  non-ionized  compounds  are  often 
differently  distributed  in  the  body,  so  that  their  actions  may  differ  from 
those  of  the  ordinary  salts,  even  when  they  are  subsequently  dissociated. 
The  lead  tri-ethyl, /./.,  simulates  chronic  lead  poisoning  (Harnack).  The 
organic  arsemc  compounds  are  important  examples. 

Intravenous  Injection  of  Metallic  Salts. — The  aystcmic  actions  of  most  metals  can 
only  be  studied  by  injecting  them  inlravenoujJy,  since  the  slmv  ahsnrptino  and  tht* 
strong  kKTil  actions  would  obscure  the  remote  effects,  if  the  metals  were  given  by  the 
ardinar>'  cliAnneU.  For  the  intravenous  injection,  such  metallic  salts  must  be  chosen 
as  will  not  precipitate  the  blood.  Double  saltn  (such  as  iron-ammontum  citrate,  etc.) 
or  metallic  albuminates  may  meet  (his  requirement.  In  some  cases  it  is  necessary  to 
have  recoarse  to  some  non-ionic  comp^iunda  of  the  metal,  from  vhich  the  ionic  metal 
is  libera  ed  in  the  body. 

Delayed  Action. — When  a  nun -precipitant  preparation  'a  injcctnl  directly  into  the 
blood  the  symptoms  in  many  cases  do  not  arise  at  once,  but  areJf/nWrt^cd  i/uitr  Ttmciy, 

letimes  only  in  the  course  of  several  da.ys.    This  is  due  to  the  fact  that  the  metals  cjo 

act  in  the  blood,  but  only  after  they  have  been  absorlK-d  into  the  cells;  and  this  ab- 

ition  is  so  alow  that  it  may  take  several  days  to  accumulate  sufTiclent  mcla!  to  produce 
aoy  action.  The  mclul  may  by  this  time  have  disappeared  entirely  from  the  drculating 
liquids  (White.  iSSo). 

It  would  appear  bIao  that  the  symptoms  do  not  ari5«  immediately  even  after  the 
pot5oo  has  readied  the  cells.  Tartar  emetic,  when  injected  in  appropriate  do&es  into 
a  vein,  di=i.ippean  from  the  blood  in  ten  minutes,  but  the  first  symptom*  may  be 
seen  only  after  some  twelve  hours.  This  corresponds  with  the  behavior  of  toxins  and 
of  many  other  poiM>n». 

Storage  tn  Ceils. — The  metahi  enter  into  firm  combination  with  the  protoplasm, 
and  accumulate  in  the  cells,  especially  of  the  liver,  until  these  contain  much  larger 
quantities  than  the  uirroundint;  medium  (Dokomy,  1905). 

Cumulative  Action.— The  excretion  of  the  metals  is  usually  even  slower 
than  their  absorjition.  They  have  therefore  often  a  cumulative  action; 
doses  too  small  to  produce  any  immediate  effect  will  cause  serious  poison- 
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ing  if  long  continued.     Pb,  Hg,  and  As  are  prominent  examples. 

single  large  dose  may,  on  the  other  hand,  produce  chronic  poisoning.     ^^  -^ 

Excretion. — The  metals  are  excreted  partly  by  the  kidneys,  but  l-^''^ 
main  part  leaves  through  the  intestines,  especially  the  large.    The 
thelial  cells  are  the  channel  uf  this  excretion,  and  not  to  any  extent  ( 
bile,  as  was  at  one  time  supposed.     .\  gaslroeiUrritis  may  result  from  loo— 
action  even  when  the   poison   has  been   given   intravenously.    On  ih 
account    tartar  emetic,   for   instance,   acts   largely   locally  even   wb 
administered  intravenously  or  liy|>odermically. 

Metal  Nephritis.^The  amount  of  the  metals  excreted  by  the  kidney^-^^ 
is  often  sufficient  to  cause  a  marked  nephritis,  characterized  !)y  albis_^  ' 
minuria,  casts,  etc.  The  nephritis  begins  usually  in  the  epithelium  of  th  *^ 
convoluted  tubules  an<!  spreads  from  here  to  Ihe  RJomeruli.  ff  the  poisonc~'W 
ing  is  chronic,  the  nephritis  may  become  interstitial  and  lead  to  rcna«3-  - 
cirrhosis. 

Xcphritis  has  been  dcftcribcd  in  poisoning  by  the  following  mrtnls:  As.  'M.  Aa.  .\im~^  -> 
Be.  Bi,  C«l,  Ce,  Co,  Cr,  Cu,  Hg,  Mn.  Ni,  P.  Pl>.  Sb.  I".  \V.  7,n..  Tlicie  ma>  .tlw  he  ren^-*" 
^ycosuria,  i.c.,  the  appearance  of  sugar  in  the  urioc  without  hypcrgl>-cemui  (Liuat 

Circulatory  Effects.— .\11  metals  produce  a  very  marked  faU  of  bl 
pressure,  which  is  due  partly  to  a  paralysis  of  the  blomi  vessels  and  parilj^ 
to  a  direct  acti4}n  on  the  heart. 

The  miauls  asi'Jc  from  silver,  may  be  divided  into  fuw  prtnciPol  f,tompt:  tbe 
group  acting  mainly  peripherally  on  the  triiyod  vtstrls,  tbc  second  group  acting 
ipbcrally   uti    ttu-   hearl.     Tu    the    fir^t    group    belong    anwnic,    tuilinrtony.    unuini 
biftmuth.  iron,  manganese,  selenium,  tellurium,  aluminum,  tin,  nickel,  cobnlL. 
and  platinum  (Wuhlwill,  1907),  tu  the  (^ccutid  gruup,  lead,  phosphorus,  copper, 
cadmium,  mercurv.  vanadium,  cerium,  and  thallium. 

In  the  pcrfuse<l  heart,  all  metals  (in  the  form  of  lactates)  produce  block  and  diutoli^ 
standstill  iVoegllin,  lyisl. 


Nervous  Phenomena. — The  serious  circulatory  disturbances  lead  ic^ 
central  and  peripheral  nervous  s\'mptoms.  Direct  acute  ner\*ous  actions 
are  not  common  in  mammals,  except  perhaps  with  silver. 

Frogs  show  with  most  metaU  a  paralysis,  preceded  by  a  slight  sttmulBtioiL    Tl 
tetantziog  action  predoRiin.ite:»  with  Ni,  Co,  and  Pt.     Whether  the  mcLals  have  any 
direct  effect  on  meiabolism  can  not  be  dedded  with  our  present  methods,  because  ol  the 
disturbances  inlioduccd  by  the  intestinal  and  renal  imUtion,  and  by  tbe  aiettlaior)' 

chaogcs. 


COLLOID  METALS 

These  occupy  a  peculiar  position.  Colloid  metals  may  be  obtained  by  e»tabBik- 
ing  an  electric  arc  between  metallic  wires  under  waler,  very  fine  particles  tA  tbe  metal 
iMTing  thrown  uti  .ind  forming  x  cnlloidal  ]Solution.  Similar  solaUuns  may  be  tAttaiatA 
from  solutions  of  meLiUic  salts  bv  ceruin  reducing  agents.  Colloid  acuutions  of  Pi. 
S^,  Hg,  Au,  Bi,  Cd,  Pd,  and  Ir  have  been  prepared  by  these  methods.  Tbe  iDetd 
exists  m  these  solutions,  not  as  ions,  but  in  true  metallic  condition;  it  is.  howrNxr,  w 
6ncly  subdivided  that  it  remains  prnnanenlly  and  evenly  distributed  through  ihe  loln- 
tion.  It  is  precipitable  by  salLs  in  the  &ame  way  as  other  colloidal  solutiofu.  Tbe 
cbemic  reduction  gives  equally  ^c  particles  and  con  be  used  to  make  more  coooeotratad 
solution  than  the  electric  (Voigt,  11,114)' 

Colloid  solutions  can  not  produce  tJic  ion-actioos  of  the  metals  ditei:tly.  The  calldU 
condition,  however.  ^\\  rs  them  uil^tiyiu  profrertiu,  i.e.,  minute  quantities  nnj-  ittdatt 
reactions  in  Lirec  quantities  of  other  substances  {e.g.,  conversion  of  alcohol  into  aortic 
add),  the  metal  taking  no  part  to  tliis  transformatiuo.    This  cataljrsia  b  hindcrad  Iqr 
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many  poisons,  just  as  is  the  action  of  true  fcrmcnl*.  The  mclals  ptus  tjuiu  readily 
from  the  colloid  iiUo  the  iank  fi'tuiUian,  e.g.,  by  tht  action  of  bacteria,  and  muy  tlicn  exert 
the  onJinarj-  action  of  the  metaJs.  Since  this  conversion  "xcurs  (jut  slowfy,  thvae  ac- 
tions will  \h-  mainly  Inxal.  and  vril!  pro<Ju«  a  rninimuin  of  irritation. 

Pbonxtacologic  Actions  of  Colloid  Metals. — It  h  questionable  whether  the  colluid 
mrtals  arc  at  all  absorbe-i  unchanged.  IE  injected  intravenously,  Ihey  fiojoum  only  a 
(cw  rninm<-*i  in  the  1)Ii«.kI  (Nicnlescu,  iqe  3),  nassinB  first  into  the  liver  and  morcKradually 
and  in  smaller  quantities  into  other  organs  (Voigt,  1914).  Their  gradual  tran*tormalion 
into  the  ionized  form  will  eventually  pmduce  the  onh'nary  systemic  erTecta  of  rnetalj. 
They  have  been  used,  hypodcrmi'caliy  and  intravenously,  for  this  purpose,  but  without 
serious  advantsRc.  (Solutions  should  not  be  made  isoli)nic  wiih  salt,  since  electrolytes 
cause  precipiiaiinn.)  They  also  produc*' other  rather  indefinite  and  inconstant  e(T»-ct«, 
probably  attributable  to  the  colloid  condition:  hyperpyrexia,  first  hypo-,  then  hyprr- 
leucocytusis,  renal  and  intestinal  irritation,  and  fatal  coma  (Foi  and  .\(a"«t'i.,  lOo** 
and  iQog;  firos  and  O'Connor,  ion).  They  may  be  followed  by  incrcaned  excretion  of 
nilr>>gtii  and  uric  acid  ^Vicoli  and  Izar,  1907). 


de  .^rric,  iQt3).  Tiros  and  O'Connor  found  that  colloid  metals,  like  charcoal,  adsorb 
poisons,  aikaloidal  as  well  as  toxins,  and  therefore  decrease  their  toxicity,  but  the  de- 
crease is  insignificant,  and  does  not  occur  at  all  unless  the  poboo  was  treated  before 
bdng  injected.  Phagocytosis  is  perhaps  somewhat  increase*)  for  some  bacteria,  but 
not  for  all  {Arric,  k/ij).  Colloid  silver  or  mercury  is  fairiy  antiseptic,  but  not  per* 
tniddal  (Marshall  and  KiUoh.  1915). 

Ain^e«.— Colloid  silver  preparations  are  apt  to  deteriorate  rapidly  into  the  insoluble 
form,  aod  may  thus  produce  embolism  (Rittershaus,  tffoy.  H.  ^.  Hamburger,  ii>oq).  A 
number  of  deaths  have  occurred  probahlv  by  vascular  embolism  from  the  lojectioQ  of 
collaripil  into  the  renal  pelvis  for  X-ray  diagnosis  (Kisendrath,  1914)-  Buerger,  1914, 
fiodi  that  these  Injcciiontj  may  pcnctratr  the  renal  parench)ina  to  the  surface  o<  the 
kidney,  and  lead  to  nMrrotic  and  suppurative  foci. 

Chemotherapy  of  Cancer. — This  started  with  the  announcement  of  WawaraimB, 
Krysser  and  \Va<^<frmann.  iqii  and  i^t},  that  they  had  succeeded  In  caiumiK  tbetSfr- 
■jppcftraocc  of  rat  tumors  by  the  intravenous  injection  of  sclenium'eusin  comprntnds. 
Swe  then,  simitar  favorable  results  were  reported  for  coUuidal  copper,  plalinum, 
satphur  and  some  other  colloids  and  organic  metal  compounds  (N'cubrnc  aiM  CaiMri, 
ion;  NeuberR,  Caspari  and  Loche.  191 3;  L.  Loeband  ctvworkefs,  19H  101914).  Evea 
bunan  tumors  seemtd  to  show  some  rctroj^resuon.  However,  the  molts  io  not  with* 
Mod  criticism.  I'hirnhuth,  1912,  and  Walker,  191^,  failol  lucoofinntlieafiiiaalexpcri' 
ntnts  with  cosin-ielmium.  Keys&rr's  further  experience  (1914)  also  coovioccd  Un 
tut  cure  of  animal  tumors  by  the  %-ariou5  metals  occurs  in  only  a  small  perrmlafr  ol 


cws;  that  they  are  ineffective  against  visceral  or  growing  tumora;  saccaa  beia|CL_ 
■*ed  to  lacse  subcutaneous  tumors,  which  they  cause  to  so^lco  aad  Bqocfy,  W«9, 
*9ISt  ntgcsts  that  they  accumulate  in  the  necrotic  portiMia  of  tk«  tUWMSi,  ••  d»  iodldi 
^  <ty«s,  aad  there  lead  to  the  liquefaction  of  the  necrotic  tissue. 

As  to  the  bnman  cancer,  the  reported  impfovemest  has  beeti  esscntiallr  symfiliv 
■adc  oo^,  aad  this  has  little  dgnibcancc.  Weil,  igtj  and  1915.  pcsots  ovC  tint  the 
floljr  silinfMihli  rin  of  iapcoraaent  is  rednctiaa  of  the  sue  of  the  lumur;  aad  fittm  thia 
fywtpnfat,  the  dKnical  reports  are  ne^uiTe.  Loefa  (McOniK.  et  aL,  1915)  oowiedca 
lut  I  core  can  not  be  expected.  Reyiacr  also  cimMaw  ifaet  the  effective  deae  in  aat- 
ou  IS  M  Bear  to  the  fatal,  that  DO  maht  coold  be  eipected  fra«  a  nie  I ' 
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Gcncnl  SttteiDent.^.\rsenkal  compounds  act  locally  as  milH  and 
■ow  corrosives  and  have  been  raii^oyed  in  superficial  cancer.  Systemi- 
lally,  ihcy  rdaa  liie  capillaries  and  increase  their  pcnneabilily,  thnt 
wniilaiing  uifl»mniation.  This  change  is  moit  CDOfpicooas  in  tlie 
cpUoduuc  area.  In  acute  arsenic  potsoninc  it  rawluin  tMtltmt  fMtn>' 
enteritis,  closely  resenbtin^  cbder^ 
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This  dilatation  of  capillaries  introduces  changes  in  the  circulation  which 
cause  secondary  disturbances  in  the  function  of  more  remote  organs,  par- 
ticularly in  the  tiervttus  system:  and  further, /tf//y  Jtgcueration  of  the  cells, 
especially  in  glands  and  muscles,  with  other  disturbances  of  nutrition  and 
metabolism,  particularly  in  chronic  poisoning.  There  may  also  be  a  direct 
paralvsis  of  the  liearl,  both  ganglionic  and  muscular. 

Milder  degrees  of  the  same  action  may  stimulate  metabolism  bene- 
ficially. This  explains  partly  the  therapeutic  uses  of  arsenic  in  malnutri- 
tion, anemias  and  skin  diseases;  but  the  mechanism  of  their  action,  and 
indeed  the  results,  are  somewhat  in  doubt.  There  are  also  characteristic 
effects  on  the  bones  and  bone-marrow.  Arsenic,  especially  in  the  organic 
forms,  is  highly  effective  against  protozoan  infections. 

Arsenous  and  Arsenic  Compounds. — Trivalent  As  (arsenites)  is  gener- 
ally much  more  toxic  lo  animals  and  plants  than  is  penta\'alenl  As  (arse- 
nates) (K-ionka,  191 0-  This  holds  also  for  the  different  valence  in  organic 
compounds,  and  for  the  corresponding  antimony  valencies.  It  has  been 
assumed  that  the  5-valent  As  is  non-toxic  until  it  has  been  reduced  to  the 
3-valent  (Locw,  1887).  The  occurrence  of  a  partial  reduction  was  demon- 
strated by  Binz  and  Schulz,  iSyg. 

OxidatfoQ  and  Reduction  Theory.— SchuU,  18S4,  and  Binz,  1897,  aiUmptH  u> 
explain  the  ar>cnit-  rfTcits  as  alUTtialiiig  uxiUatian  and  reduction  of  the  cells,  due  to 
the  easy  passage  of  arsenous  and  arsenic  compounds  into  each  other  (which  Scfauli, 
iS<}2.  demonstrated  on  orKan-cmuUions).  Ifuscmann,  tXg2.  tKiinti-d  out  that  if  ihia 
were  true,  both  fomis  should  have  the  same  toxicity.  7'hr  dilTerence  ii.  not  Kreat  far 
mammals,  but  very  considerable  for  lower  animals  and  plants  fO.  Ijxvr).  The  cxpUna- 
tion  i%  thi-rcfore  not  t(^n.ih1e.  It  ii  now  generally  belieied  that  the  anenicsls  hinder 
protoplasmic  oxidatiun  in  an  unknown  way;  although  Schaeferand  Boefam,  1871,  abo>wed 
that  ariicuic  has  tittle  eflect  ou  ordinarv  ferments. 

The  ratio  of  toxicity  of  arsenous  aci^ :  arsenic  acid  varies  for  different  tis&ues.  With 
intravenous  injection  in  rabbits,  it  is  aa6:io;  for  the  excised  frog's  heart,  as  500:1.  The 
anwnous  is  also  more  toxic  for  the  excised  intestine  of  rabbits.  These  dilTcrent  raxiaa 
indioite  that  the  toxicity  of  arsenic  acid  h  due  to  reduction  to  artcoous  add.  whkih 
varies  in  decree  for  different  tissues  (Joarhimoglu,  IQI5). 

Resistance  of  Lover  Animals. — .\r<wrnic  is  toxic  to  all  animals  which  poaicai  a 
central  nervous  s^'^tem;  al^  lo  most  of  the  higher  ptanti^  but  nul  to  all  the  lower  or- 
ganisnis.  Its  antiseptic  action  is  comparatively  small.  It  can  not  thcrelore  t>c  daa««d 
as  a  gerH*ral  protoplasmic  uoiMn.  Xew-bnrn  Mdamanders  show  a  eery  ereat  taterancv. 
Amonj;  mamm'ils,  the  rcsLbtance  U  greatest  in  mice,  then  come  the  hedKchog.  rabbit, 
dog  and  (.at  fWUIberg,  1913). 

The  toxicity  is  the  same  for  splenectomixed  as  for  normal  mice  (Towles,  1916). 

Local  Actions. — The  arsenical*  are  not  precipitant  and  ihereJore  irri- 
tate only  weakly,  even  on  wounds  or  mucous  membranes;  but  the  cells 
die  slowly  after  prolonged  contact. 

This  is  sometimes  used  for  killing  exposed  Jental  nerva;  and  as  salves  for  superficial 
tpiiktHtnnas.  .'Vrscnic  Is  much  more  dentruclive  to  patbotofpc  odU.  «o  that  ibe  cancer- 
ous tissue  may  be  killed  without  injury  to  the  surmundinff  normal  ttssut.  As  with  tSX 
cancer-salves  some  of  the  deeper  tumor  cells  gcoerally  escape,  leading  to  laopovble 
recurrences.     Their  use  is  therefore  not  advisable. 

Blood  Pressure.— Arsenic  poisoning  is  characterized  by  pronounced 
and  persistent  fall  of  blood  pressure;  due  partly  to  depression  of  the 
arterioles  and  heart,  but  mainly  to  paralysis  of  the  capillaries. 

Heart. — In  the  excised  (lAngeadorfr]  heart  the  amplitude  Is  first  incrOksed*  liMS 
diminished;  the  rate  may  be  slowed,  quickened  or  arythnuc.  Arsenites  are  aura 
toxic  than  arsenates,  and  these  more  than  the  organic.  Of  the  latter,  cactdvlatr  b  tile 
most  potent;  salvarsan  and  its  oxidation  products  are  inactive  (ArchanffcfUti.  )9ts). 
In  intact  animals,  the  cardiac  action  of  the  arscnicals  is  relatively  uniratKtrtaat,  fee 
the  heart  is  able  to  maintaio  a  fairly  high  pressure  \t  the  aorta  is  damped  (Bocfam  and 
UnterlKrger,  1674J. 
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Vascultr  Actioa.— The  va<uxliU,tion  U  most  conspicuous  in  the  splanchnic  area;  but 
th«  blood  pressure  falls  even  when  the  intestines  arc  tied  off,  so  that  the  muscular  vms«U 
arc  also  dilated.  The  dilatiun  can  Ik  demonstrated  by  perfu«on  of  excised  organs.  It 
is  tlicrefure  peripheral.  The  vessels,  however,  continue  to  react  to  splanchnic  stimula- 
tion till  very  late;  and  to  epinephrin  even  after  the  ^lanchnk  response  is  lost  (A. 
Loeb,  iQii).     The  arterioles  must  therefore  still  be  capable  of  contracting. 

Paralysis  of  Capillaries. — For  this  reason  it  is  assumed  that  structures  beyond  the 
arteriole^  -ruimtly.  the  capillarics^arc  the  scat  of  the  paralysis.  This  view  is  favored 
by  the  fact  that  they  have  become  more  permeable.  Intravenous  inji-ctions  of  large 
qtuutUties  of  salt  solution  will  cause  edema  in  animals  poisoned  with  As,  but  not  in  the 
DomiAl  (Magnus,  1899;  other  capiibiry  pt-iison*  are  di-.ru4>ed  by  \V,  Ileubner,  iQO?). 

These  changes  In  the  capilkries  explain  partly  the  therapeutic  actions,  and  the 
whole  course  of  the  poiMinint!.  Since  iHcreiistJ  pcrtnaibiiHy  of  the  capillaries  is  one 
0/  the  essential  features  of  inflammation,  the  phenomena  of  arst-nic  jnusoiiing  arc  similar 
to  thiMe  producetl  by  an  irritating  inflammation,  although  the  primal  cause  is  diflerent. 

However,  arsenic  inhibits  the  migratioa  of  leucocytes  in  the  inflamed  mesentery  of 
frogs  (tkeda.  1916]. 

I      Gastroenteritis.— The  first  and  principal  symptoms  of  acute  arsenic 
poisoning  are  those  of  violent  inflammation  o£  the  digestive  tract. 

This  suggested  that  arsenic  act^  as  a  corro-uvc.  However,  the  autopsy  rarely  shows 
exteiksive  corrosion,  and  it  is  known  that  the  corrosive  action  occurs  extremely  slowly. 
Furthermore,  the  gastroeoterilis  may  be  obtained  with  at  least  equal  readiness  if  the 
arsenic  is  injected  into  the  circulation  nr  subcutanouusly.  This  would  not  dcfmilely 
exclude  all  local  action,  since  ^ome  .arsenic  is  excreted  into  the  alimenta,r)'  canal;  but  the 
quantity  Is  not  nearly  enough  to  account  for  the  symptoms. 

The  inflammation  is  really  due  to  the  systemic  action  on  the  capillaries, 
rhich  is  strongest  in  the  intesLlnes,  no  matter  how  the  arsenic  has  been 
introduced.  The  capillary  paralysis  results  in  the  production  of  an  exuda- 
tion into  the  connective  tissue.  This  raises  the  epithelium  (just  as  would 
a  blister  on  the  skin),  and  cau.ses  it  to  be  thrown  off  in  shreds  or  false  mem- 
branes. The  exudation  is  then  poured  into  the  lumen  of  the  intestine 
and  largely  coagulates.  This  distention,  as  well  as  the  drculatory  changes, 
causes  increased  peristalsis  and  watery  diarrhea;  and  the  shreds  of  mucus 
and  coagulated  exudation  give  to  the  evacuations  the  character  of  "riVe- 
twtfor"  stools  (Boehm  and  Pistorius,  1S82). 

The  pathology  of  this  condition  is  exactly  the  same  as  that  of  Miatic  cholera,  and 
without  a  lu-story  it  i*  impossible  to  distinguish  between  the  two  oonditions  except  by 
chemic  examination  of  the  dejections. 

The  extreme  distention  of  the  capillaries  may  lead  to  their  rupture,  to  the  formation 
of  ecchymoses,  or  po«iibI}'  blcc<ling  into  thf  intestine  nr  stomach,  and  consequently 

I  bloody  vomiting  or  diarrhea;  but  this  is  by  no  means  always  the  case. 
Kidneys. — Arsenic  produces  nephritis,  at  first  mainly  vascular  (Schlayer 
and  Hedinger,  1007),  but  always  with  more  or  less  involvement  of  the 
epithelium  (MacNider,  1912;  6'Hare,  1915). 

Tlw  vessels  of  the  kidneys  participate  in  the  capillary  dilation.  The  general  glome- 
mlar  capiOarirs  arc  swollen  *(•  as  to  nil  the  capsule;  the  urine  is  albuminous  and  sc&nty, 
and  can  not  be  increased  by  ra/Tein  (Hellin  and  Spiro,  iftg;!.  The  retention  of  nitro- 
gen in  the  bloixi  i^  relatively  slight  (Ranner  and  Ucnis,  1014)- 

The  types  of  nephrites  from  difTcrervl  arsenic  compounds,  and  the  actions  of  arseoIcaU 
<m  the  •dreniils  arc  described  by  L.  Pcarcc  and  Brown,  1915. 

Absorption. — This  occurs  readily,  to  some  extent  even  from  ihc  intact 
kin.     Poisoning  may  therefore  result  from  the  external  u.se  of  arsenical 
cosmetic  preparations.     With  hypodermic  injectioas,  the  diarrhea  often 
ts  in  within  an  hour. 
Excretion. — This  occurs  by  all  the  u»ual  channels — ^urine,  feces,  sweat 
(Tachau,  igii),  milk,  and  epithelium  of  the  skin  (HefTter,  1905).     With 
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oral  administration,  the  main  part  leaves  by  the  ieces;  with  h>'poderraic  by 
the  urine.  The  excretion  is  always  slow  and  incomplete,  especially  with 
prolonged  administration  (Croner  and  Seligmann,  1907). 

Time  of  Excretion. ^Thc  excretion  begins  in  two  lo  eight  boun  after  the  admina- 
traliun,  but  lasts  for  a  \<mg  time — ihrcc  to  ten  Hays,  after  a  ftingle  dose;  to  seventy  days 
when  it  had  been  jjpvcn  continuously.  In  rabbits'  urine  it  wan  found  for  120  dmys.  m 
doRs'  for  160  days,  nfler  the  admrnistratinn  was  stnnprd.  The  eliminiitioo  and  reteD- 
lion  in  doRs  has  been  studied  hy  Dutcher  and  Steel,  1014- 

Distribution  in  Tissues.— Thr  arsenic  is  stored  in  all  the  tissues,  but  eM»eciaIly  in 
the  liver,  kidneys  and  heart;  le^  in  the  skelttaJ  muM:le&and  brain  (Blarei  ana  Dcnwes, 
1V07;  Kckek-y,  human,  1913*.  In  the  liver  of  dogs  it  is  found  as  an  arsenical  naoeo- 
protein  (SIowliHiff,  igoj*.  The  crrrhro- spinal  fiuid  contains  at  most  traces  in  noniial 
individuals  (Eckdcy),  more  in  mirninKiti^  (Fine!  and  I.«roid,  toi.t).  Arsenic  aliw  pa»w« 
across  the  placental  circulation  to  the  fetus.  It  is  just  as  toxic  when  injected  into  tfce 
rocjienteric,  as  by  the  jugular  vein,  showing  that  the  liver  neither  neutralizes  Dor  relalas 
it.  It  h  le^s  toxic  on  hy|»xlcrmic  injection,  mdcc  it  enters  into  more  slowly  dtasoctatcd 
comnounHs  with  the  tissue  elements. 

Depositjon  in  Hair.^.\ftcr  the  administration  of  arsenic,  the  hair  contains  detect- 
able quantities,  in  firm  combination.  The  dejKisition  is  slow  but  iKTsi«lcnt.  There- 
fore none  is  found  in  acutely  fatal  poisoning,  the  earhest  dcmonstraUon  being  after  t«» 
week».  It  may  then  [wrsist  Urt  months  or  years,  long  after  the  metal  has  disappeared 
from  the  liver  and  bones  {HetTtcr,  1915). 

TFormal  Occurrence  of  Arsenic. — .\.  Gauticr.  1S90,  found  minute  traces  of  an>enic  io 
Qormal  tissues.  Its  univenuJ  presence  wa.i  contirmed  by  Bertrand  and  all  those  who 
worked  with  sufficiently  delicate  methods.  In  man,  it  occurs  especially  in  the  th\TOMt 
(0,16  mg.);  also  tn  the  thymus,  hr;iin,  and  $kin.  It  appears  to  be  in  organic  romtitna- 
lion  with  the  nuclcin.  None  is  found  in  the  liver.  This  arsenic  is  introduced  with  tbc 
food  and  especially  the  drinking  water.  (.According  tn  the  Royal  Commis&ion.  1903. 
the  quantity  of  arsenic  in  food  should  not  exceed  )ioo  8^.  per  pound,  or  in  Uquitb. 
per  gallon.) 

The  quantity  of  arsenic  normally  present  in  the  intestinal  canal  nevtF  exceed*  V^o 
my.    LarRer  quantities  jwinl  to  poisoning  (Gauticr,  igcu). 

Etiology  of  Arsenic  Poisonin£. — .\rsenic  was  at  one  time  used  very  entensively  for 
criminal  poisoning,  e^pccial!y  in  the  seventeenth  century.  .\n  Italian  woman.  Tofl'ania, 
carried  this  science  tu  its  greau-st  refinement,  using  under  the  name  of  ".\cqua  Toffana" 
a  mixture  of  arsenic  and  ptomains  obtained  Irom  the  putrc^ed  juices  of  animala  poisoned 
with  arsenic. 

At  the  present  time  arsenic  is  le&s  used  with  criminal  intent,  the  most  frequesl 
forms  of  poisoning  being  suicidal  or  accidental.  This  may  be  attributed  to  the  perfec- 
tion (if  cnemic  means  of  detection,  which  allow  of  the  discovery  of  the  minutcrst  tr*c«. 
Accidental  poisoning  ha.s  been  lessened  lo  some  extent  by  reqtflring  the  preparatioft*  of 
arsenic  sold  at  retail  tn  be  colored  either  with  lamp-black  or  indigo,  so  tnat  t^cy  do 
not  have  the  innocent  appearance  of  a  while  powder.  This  is  also  of  some  importanrc 
in  diairi'ising  the  poisoning,  the  color  of  the  vomit  calling  attention  to  it.  Rut  accidental 
and  suicidal  poisoning  is  still  verv  common,  since  arsenic  is  so  extensively  disiributed. 
It  i>  eii>y  lo  obtain  it  ;is  a  rat  and  fly  poison.  It  is  fref|uenily  u>etl  in  the  arts.  Paris 
green  is  a  preparation  whose  sale  is  almost  unrestricted.  .\  great  many  of  the  co&atelic 
preparations  on  the  market  cjntain  arsenic  and  have  given  rise  to  accidents.  The  me 
of  arsenic  compounds,  such  as  Schweinfurth  green,  as  pigmmti  has  been  abtolutely 
prohibited;  but  a  great  many  of  the  coal-tar  dyes,  which  are  popular  at  the  present  tine. 
employ  arsenic  in  their  preparation,  and  ver>'  frequently  this  is  not  entirely  removed. 
Formerly  wali  paper  dyed  with  arsenic  compounds  was  a  coounon  source  of  ancaic 
poisoning,  but  this  has  now  largelv  disappeared. 

The  ar!,eni<:  is  given  off  from  these  papers  a.'*  dust.     However,  undoubted  cues  ol 

isoning  have  also  occurred  when  the  arsenical  paper  was  completely  covered  by  a 
larmless  pa|H.T;  in  these,  some  volatile  arsenic  compound  must  be  formed. 

Most  modem  watl  papers  still  contain  roinule,  out  practically  insigniftcmat  traces 
(Schulz.  1915).  The  |)ermissible  limit  of  arsenic  in  papers  is  placed  at  0,1  gr.  per  square 
yard;  but  this  is  probably  not  quite  harmless.  The  Bureau  of  Chcmisti>*  of  the  trailed 
States  Department  of  .Xgriculture  has  analyzed  a  number  of  papers  on  the  AmericM 
market  (flavAvood  and  Warner,  1QO4).  Over  qo  per  cent,  of  these  contained  leM 
0.046  gr.  per  ^auarc  vard,  and  are  therefore  6afe.  Furs,  rugs,  andJabrUs  were  lew  ads- 
faclor>'.  Bltuk  niockings  partiLuIarly  often  contained  quantities  of  irMrnic  (above  0-01 
gr.  per  square  yard),  which  must  be  considered  dangerous,  considering  their  tatJaaK 
contact  with  the  skin. 
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Fruits,  sfler  the  um-  of  arsenical  inscciicidc  fijjrayg  (Bordeaux  mixture,  lead  arsenate), 
coDtuia  arsenic  (and  Icadj,  for  long  pcriodtr  (SuDnUitfg  lyts).  The  quuutili«s,  however, 
are  probably  unimportant. 

Course  of  Acute  Arsenic  Poisoning. — This  may  be  very  rapid:  In 
fuiniinant  cajics,  the  withdrawal  of  th^;  bluod  from  the  general  circulation 
into  the  splanchnic  area  may  produce  prompt  collapse,  and  death  before  the 
enteritis  has  lime  to  develop  (corresponding  to  "dry  cholera").  Usually, 
however,  the  symptoms  do  not  appear  for  from  one-half  to  one  hour  after 
the  arsenic  is  taken,  and  then  run  through  eighteen  hours  to  three  days 
sometimes  four  to  fourtet-n  days. 

Acute  Symptoms. — The  suspirinn  of  the  patient  may  have  been 
aroused  by  the  sweetish  astringent  taste  of  the  sul^stance.  Almost  the  first 
symptoms  are  vomiting  and  profuse  and  painful  diarrhea.  The  Tft*ith- 
drawal  of  water  from  the  body  leads  to  great  thirst,  dryness  of  the  mouth 
and  throat,  and  difficulty  in  swallowing  and  articulation.  The  urine  is 
diminished  and  often  bloody  and  albuminous.  The  nervous  symptoms 
consist  in  vertigo,  headache,  anrl  pain  in  the  Hmbs.  There  will  be  cyano- 
sis and  cold  extremities.  Toward  the  end  occur  syncope,  coma,  clonic 
and  tunic  spasms,  and  a  general  paralysis.  I)eath  usually  occurs  by  ex- 
haustion as  a  result  of  the  prolonged  gastroenteritis,  as  in  choltra. 

In  the  subacute  poisoning  the  inllammalion  of  the  mucous  membrane 
of  the  alimentary  canal  is  prominent.  Inflammation  of  other  mucous 
membranes  also  becomes  conspicuous,  and  shows  as  conjunctiNitis,  coryza, 
stomatitis,  salivation,  and  piiar\'ngitis  Skin  eruptions  make  their 
appearance  if  the  arsenic  poisoning  is  at  all  prolonged.  In  this  case  there 
are  also  symptoms  arising  from  the  central  nervous  system,  as  well  as 
neurites. 

The  diagnosis  of  acute  arsenic  poisoning  is  made  by  the  violent  gastro- 
enteritis. This  can  usually  be  distinguished  quite  easily  from  that 
produced  by  acids  and  alkalies,  by  the  history  of  the  case,  absence  of 
corrosion  in  the  mouth,  and  furthermore  by  the  lesser  prominence  of  the 
local  symptoms.  The  very  quick  onset  distinguishes  it  from  other 
metals. 

Autopsy  Findings- — The  patient  appears  emaciated  from  the  with- 
drawal of  liquid  from  the  body  by  the  profuse  diarrhea,  and  this  even  if 
he  retains  a  fair  amount  of  adipose  tissue.  The  appearance  of  the 
lUmentary  canal  with  its  large  amount  of  fluid  and  the  presence  of  shreds 
of  mucus  and  false  membrane,  with  usually  no  pronounced  corrosion,  are 
characteristic'  Microscopically  gastroadenitis  and  cell  infiltration  are 
often  seen. 

The  body  after  arsenic  potsonin);  usually  putrefies  very  slowly  and  may  become 
mummified,  wliich  alwa>'a  causes  a  su^piciun,  although  it  is  not  at  all  a  proof -of  such 
poisoning.  The  positive  proof  can  be  furni-shed  only  by  the  chemic  eiturrination.  It 
lausl  not  be  furgutlcn  that  arsenic  is  frequently  introduced  into  tLe  body  in  the 
embaimtne  fluid. 


Fatal  Dose. — This  varies,  especially  with  the  solubility  of  the  prepara- 
tion, etc.  Of  the  trioxid,  5  to  50  mg.  are  toxic;  0.1  to  0.3  Gm.  are  usually 
fatal ;  but  recovery  may  occur  alter  much  larger  quantities.  The  mortality 
is  50  to  75  per  cent.  fLcwin). 

>  Sm  pUtM  49  uid  so  at  B.  V.  Hofmuin:  Atlu  o(  Les>t  M«dieia«,  W.  B.  Saoodars  Co. 
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Treatment  of  Acute  Poisoning. — Acute  arsenic  poisoning  is  best 
treated  by  lavage  with  warm  water,  emetics,  or  purgation.  The  chemic 
a.ntidotes  are  of  doubtful  value. 

Pcrri  Hydroxidum  cum  Magneni  Orido  {ice  Index)  was  long  considefcd  the  best  an- 
tidote, the  ferric  hydrate  and  arscDic  furming  a  compound  which  wa&  di-emed  Alnotl 
Insoluble.  Dc  iJiLMihcr,  1903,  believes,  however,  that  the  compound  is  even  more  sol- 
uble than  .-LTsenous  acid,  and  that  il  'n  quite  inelTective.     So  >Im>  a  hydrogen  »uJphid. 

The  hypofiermic  injection  of  magnfitHm  siUpkate  ha^  ^aved  animslB  from  fatal  doMi 
of  an«-nic,  even  when  the  latter  was  also  iajecled  hypodermiciilly.  Presuinabiy,  difi- 
cullly  ^olubk-  arsenic-niagneitiuni  compounds  are  formed  (Sicber,  iqii)-  However, 
the  ^iiilidutc  must  be  used  very  promptly,  und  the  effective  dose  of  rnagacsiuni  i> 
itself  danRcroiis. 

Arseahiretted  Hydrogen  (AaH]). — Thi»  is  an  extremely  toxic  gas,  vi  that  a  few 
bubbles  may  be  fatal  to  man.  It  n  produced  in  lead-burning;  by  the  action  of  impuie 
sulpburic  acid  un  mrlat-t;  from  ferrusilicon.  etc.     It  may  prcMluce  the  ordinary  aruaic 

Ehenomcna,  but  the  toxic  effects  arc  mainly  due  to  hemolysis.  It  combines  with  the 
emoglobin  (Meissner,  lyij),  ami  dMlro>-5  the  corpuscles.  The  symptoms  are  oftcm 
delayed,  and  start  n-ith  malaise,  collapse,  fainting  fiti,  etc  This  is  followed  by  bloody 
urine;  icicrus.  painful  livi-r  anil  kidneys;  eventually  by  anemia  (Stadclmano,  1S83). 
Severe  cases  may  die  durin;;  the  earlier  stages  with  convulsions,  dcUrium  and  coma. 
The  gas  has  a  characteristic  garlic  odor. 

"FerrosUicon." — This  is  a  mixture  of  Ke  and  Si  compounds,  used  in  the  manufacture 
of  steel.  In  the  presence  of  wnter  or  moist  air  (as  in  shipment)  it  liberates  phot* 
phoretted  and  aneniuretted  hyilrngen,  which  have  pn^duced  iat.^1  poisoning  (J,.\.Al.A-, 
55  :  781,1910).  The  grades  containing  JO  to  70  per  cent,  of  silicon  are  much  more  sub- 
ject to  ihv  detomp(>>iiti(m,  and  arc  therefore  more  dangerous  than  those  contalmng  • 
greater  or  stnaJlcr  percentage. 

Gvlic  Odor  with  Arsenic. — ThLs  ii  a  rather  characteristic  feature  under  certaia 
Conditions,  It  is  noted  when  the  metal  U  burned  in  air  to  .VsjO,.  Moulds  growing  on 
damp  »vall  paper  and  other  anicnical>>  produce  it  by  forming  ethyl  ar>in,  .\stCiH«)(ll. 
The  odor  is  sometimes  obser\'ed  in  the  arsenic  vomitus  (.tiumprccht),  and  ia  prubably 
due  to  reduction  prcxluct^.  Garlic  breath  does  not  occur,  or  very  rarely,  in  the  then- 
peutic  administration  of  inorganic  arsenic  compounds,  but  is  very  strong  after  the  uk 
of  cacodylaies. 

Habilualioit. — ^The  mountaineers  of  St>Tia  and  certain  other  regions  cuiuutnc  arsenic 
once  or  twice  weekly,  as  a  Rcneral  siimulnnt  and  tonic.  There  appears  to  be  unimpeach- 
able c\-idencc  that  they  gradually  accustom  themselves  to  u;ic  with  immunity  quantities 
of  arst-nic  yUi  0.4  (im.)  vi-hiiti  would  produce  very  serious  toxic,  irriLant  and  cumulative 
effects  in  ordinary  individuals  (Schaefer,  t80i;  Knappe,  1S75).  This  tolerance  can  alia 
be  indtice<l  in  ilugt  and  rabbil-v.  Cloelta,  ivO<>,  attributes  it  to  lesscnetl  absorptiott 
from  the  alimentar>-  canal;  Hausmann,  1906,  to  increased  encretion.  The  latter  alM 
showed  that  the  corrosive  action  on  the  intestines  is  decreased  by  habituation.  Hlt^ 
drawal  d<»es  not  cau^  any  abstinence  symptoms,  even  if  the  arsenic  has  been  con- 
sumed for  years.  Joachimoglu.  igtb,  finds  that  the  absorption  of  small  doso. 
in  dogs  is  not  diminished  by  habituation;  but  that  il  t*.  rather  increas»l  in  accordaitoe 
with  the  larger  dose.  However,  habituation  leads  to  increased  resistance  of  tlic  tDtc»- 
tinal  muct)^a  tn  the  inflammatory  and  necrotic  actions  of  arsenic,  which  would  prooole 
the  absorption  of  toxic  doscii.  For  this  reason,  the  absorption  of  large  doses  ii 
in  habiliiat«l  animals. 


:atAr^n 


Chronic  Arsenic  Poisoning.-  In  this,  chronic  gaslro-intcstinal  cat 
develops,  possibly  with  ulceraUon.  The  less  intense  but  persistent  capil- 
lary paralysis  gives  lime  for  widespread  fatly  and  other  dcgcncrauvt 
changes.  These  affect  iirsl  the  endothelium  of  the  capillaries.  later  ihe 
intestinal  epithelium,  and  hnally  the  ceLls  of  other  organs — liver,  kidney, 
heari-nmscie,  etc.  The  incrca^d  size  of  the  fatty  Uver  may  cause  pres- 
sure on  the  bile-ducts,  consequently  reabsorption  of  bile  and  icterus. 
There  is  a  considerable  tendency  to  the  development  of  local  effusions; 
swelling  of  the  eyelids  is  fairly  characteristic. 

Impaired  nutrition  or  toxic  actions  on  peripheral  nerves  give  riae  to 
polyneuritis,  with  atrophy  of  the  muscles,  disturbance  and  paralysis  tit 
sensation,  and  of  the  special  senses  (blindness).    The  voice  is  frequently 
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faltered,  from  the  paralysis  of  ihe  vocal  cords.  The  skin  is  also  particu- 
larly affected,  perhaps  because  it  takes  pari  in  the  excretion.  This  action 
results  in  acne-like  eruptions,  exfoHation,  and  in  falling  out  of  hair  and 
detachment  of  finger-nails.  In  a  few  cases  a  |H-culiar  cutaneous  melanosis 
can  be  noticed.  This  is  not  due  to  a  deposition  of  arst;iuc,  but  to  the  for- 
mation of  organic  pigment  granules  in  the  epidermis  and  the  exterior 
layers  of  cutis  (.Gans,  1914).  The  mucous  membranes,  especially  the 
conjunclivffi,  may  also  suffer. 

The  diagMasii  vf  chronic  arTtmic  poisoning  may  be  5omcwhal  difljcull  because  the 
symptoms  arr  sumetimc^  quite  ob»curc  or  resemble  ven-'  closely  those  produced  by 
dironic  lead  poL«)nin}t.  There  is  some  difference  in  the  electric  reactiun  of  muscle  and 
ibe  abticncc  of  the  blue  line  on  the  Kums.  which  are  characteristic  of  lead.  But  to  other 
caies  of  the  acute  or  chronic  form  the  chemic  examination  is  the  only  abM^ute  means  of 
making  the  diagnosis. 

CArpNtr  arsrnic  poisonin)^  is  treated  by  withdrawing  the  cause;  the  same  measure 
may  also  be  used  as  lor  chronic  kad  poi-ioning. 

Causation  of  Nervous  Phenomena. — These  arc  not  solely  due  to  ischemia,  even  in 
acute  poiwininR.  but  must  be  partly  direct;  lor  thy'  occur  also  in  froRS,  wbow  ner\'ouii 

> {unction?  arc  not  immediately  in!lucncp<I  by  the  bToiwi  supply. 
Therapeutic  Use  in  Nervous  and  Rheumatic  Conditions. — Arsenic 
has  been  used  in  chorea,  neuralgias,  and  the  various  rheumatic  and  arthritic 
diseases.    Its  effects  are  usually  not  striking,  and  may  probably  be  referred 
to  the  general  tonic  action. 

Effects  on  Metabolism. — These  resemble  phosphorus:  Therapeutic 
doses  check  oxidation,  arul  favor  nutrition  and  growth,  even  in  aduUs. 
The  bones  become  larj^cr  and  more  compact.  The  condition  of  (he  skin 
is  especially  improved.    The  blood  formation  seems  stimulated  under 

•  suitable  conditions. 
Excessive  doses,  as  with  phosphorus,  lead  to  increased  excretion  of 
nitrogen,  loss  of  weight,  les-sened  gas  metabolism,  fatty  degeneration  of 
^.tissues,  acidosis,  decreased  functionation  of  organs,  destruction  of  blood, 
^pjcterus,  inability  of  the  liver  to  form  glycogen. 

Hepatic  Deeeneratioo. — A  furthtr  analogy  with  nhusphorus  pi>i:«i>nini;  coniusts  in 
(atty  degeneration  nf  the  liver  celU,  more  marked  with  inorganic  than  with  organic  ar- 
■enic  compounds.  With  intravenous  injection,  this  is  localized  around  the  central  ^-eilu; 
vitb  hypodermic,  it  is  more  grncral  (Ullmano,  1914). 

Tissue  Dcgmrrations. — Toxic  doses  produce  dene  a  era  live  changes  also  in  the  kidneys, 
capillaries  and  blood.  Patholopic  tissues — mali(;na.nl  lymphomala,  syphilitic  gummata, 
ctc.--arc  more  susceptible  and  may  be  attacked  even  by  therapeutic  doses,  lixpcri- 
mental  tumors  may  also  be  li(|uefn"(l  anil  diMroycd  (Neubi-rg,  Caspari  and  Liriehe,  iQia). 
Factors  Concerned  in  the  Metabolic  Actions.— The  n>ctabolic  effect  is  quite  variable, 
as  it  depends  ufKin  a  number  of  mutually  i)pp<i»e<l  causes.  Amonx  lhe>e  are:  the  capil- 
lary dilatation;  suppos,tdtv  a  direct  action  of  .i.rd£Dic  upon  the  ccU&;  and  the  action  on 
the  gastro-inteslinal  canal  and  on  the  lcidoc>'s.  Small  dosrs  of  urscnic  intrcaw  the 
xastrie  stcrelioH  (Klocman,  IQ12);  larger  doses  cause  irritation,  colic  and  diarrhea.  In 
common  nith  other  intestinal  irritants.  It  increases  the  output  of  uric  acid  (.\bl,  1913). 
The  interaction  of  tbcac  factors  may  produce  dirTcrcnt  results,  »o  that  the  expcri- 

Fental  data  roust  be  interpreted  raiitiously.     As.  with  all  metabolic  effects,  only  the 
OSS  features  are  known;  the  detailed  action>  on  <«pecial  organs  would  probably  be  even 
ore  important. 
Therapeutic  Dse  in  Blood  Diseases. — .Arsenic  is  employed  with  limited 
success  in  various  leucemtas  and  anemias,  eapecially  in  pernicious  anemia; 
and  with  iron  in  chlorosis.     The  results  are  generally  referred  to  an  action 
on  the  bone-marrow,  hut  in  some  cases  may  be  parasilicidal.     This  is  the 
^basis  of  its  use  in  malaria  and  sy(>hilis. 
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Ar.\enic  in  Lrutemia. — The  results  arc  iiol  brilliani,  bul  it  usually  impfovw  the 
general  conditions  aomewhat.  The  cariy,  milder  stages  are  most  pramiiing  (Uaha. 
1914) 

Aritnic  in  Sypkitis. — This  ts  not  catitely  new.     .\rscnic  was  UBcd  In  the  (Uyi  of 
Fallopius,  and  intermittently  since.     The  ditOcully  tics  in  the  loxicily  of  efluicaC, 
doses.     Herzfeld,  igii.  advises  the  painlc»  b>7H;<lermic  or  intramuacular  injection 
I  per  cent,  sodium  arsciiitc. 

Aclionj  on  BoKr-marrtrj'  nnd  Bloiid  Formoiiott. — In  normal  unimaU,  the  effects  of 
arsenic  on  the  marrow  are  mainly  destructive:  atrophy  of  the  fat  celts,  dilation  and 
multiplication  of  the  ciipillartcs;  incrcnf^:  ai  the  U-uoibuistic,  but  not  of  erytbroblutic^ 
celU  (in  Contrast  to  hemorrhage).  Larger  doses  cause  hyaline  degeneration  and 
anemia.  Simitar  changes  arc  produced  by  other  metals,  organ  extracts,  peptoncA,  etc. 
(Stoclcman  and  Charteris.  igoj). 

SAneyoslii,  tgij,  hi\i  aUo  brought  evidence  that  ordinary  dose^t  of  arsenic  da  not 
normally  stimulate  the  production  of  corpuscles.  It  is  conceivable,  but  nut  dcmoa> 
ttrated,  that  it  acts  mnri-  pusitivcly  in  aiu-mia.  von  Hoe^sltn.  1013.  cUim.<  generally. 
ratoration  of  hemnKiobin  and  cr>-'throcytcs,  decrease  of  lymphocytes  and  increase  a^ 
neutrophilcs.  Its  climcal  effects  might  also  be  explained  liy  the  aatikrmoiylic  «tiiamt 
which  has  l)e«n  demonstratrd  by  (iunn  and  Feltham,  igtt.  The  viacosity  of  the 
blood  i»  sometimes  slightly  increased  ( Karmadiidis,  191?). 

ResiiUHKt  of  Eryth-oeyUs. — .\s  judged  by  hypotonic  hemolysis,  this  15  increa5«d  by^ 
therapeutic  doses  of  arsenic  in  anemias.  Hill,  1915,  suggests  Uiis  &s  an  cKplanatiaa  dff 
the  Clinical  improvement. 

Bonei.— Arsenic  leads  to  IhkluniHg  oflht  lows  and  lilting  up  of  the  Uavendan  canalf 
(Gics,  1877),  which  may  possibly  justify  its  use  in  ricMtts  and  otltomaiacia. 

Skin. — Arsenic  is  extensively  u&ed,  cxlcrruilly  and  inlcrnally.  to  im- 
prove the  nutrition  of  the  skin  and  hair,  and  in  non-parasitic  chronic  skin 
di&eases.  Tt  shoulrl  never  be  a^ed  in  acute  inilammatory  conditions.  The 
results  are  often  disappointing. 

Hartzell,  tQoA,  considers  it  most  successful  in  recent,  slowly  spreading  psoriasis;  la 
chronic  stationan-  lichen;  and  of  limited  value  in  pemphigus.  Its  injudicioui  uk  is 
often  very  harmful  to  the  dcin  (pigmentation,  etc.).  Arsenic  is  us«d  c«tcn^%-dy  in 
vfterinary  practice,  to  improve  the  appearance  of  cattle,  by  brightening  the  coat  and 
increasing  the  sutKutancous  (also  the  peritoneal)  fat. 

Glycosuria.— .Vrspnic  treatment  (not  salvarsan)  lessens  alimenUry  gJ>-co«uria  is 
dopi.     It  has  no  effect  on  cpincphrin  glycosuria  (Begemann.  191  a).     It  has  been  tried 
in  MHPMlt  diatfttfs,  but  n-itnout  much  9uct:e«s.     Arsenic  poisoning  causes  rapid  toM  1 
itycogen  from  the  liver,  and  leads  to  the  formation  of  lactic  acid.     Small  dpftcs  incroi 
larger  doses  retard  auidyut  (uf  the  liver;  Laquer  and  F.ttingcr.  iqii).     Small  daoM^ 
increase  the  catalytic  actian  of  the  blood;  larger  doses  have  little  effect  (DuDcker 
Jodlliaucr,  ton). 

Cachectic  ConditiOfU. — Arwnic  i&  employed  asa  tonic  in  a  variety  of  these  conditioavj 
cspcciiilly  after  malaria;  in  tutwrculosls.  and  in  asthma.  .Mthough  it  is  easily  uimJm^< 
stood  how  it  may  he  of  beoefit.  il^  actual  u>e  mu^t  t»e  entirely  empirical.  We  do  not] 
know  sulhcient  about  the  nature  of  these  conditions,  nor  ran  wv  predict  the  action  ef; 
arsenic  with  sufficient  certainty,  lu  be  able  to  foretell  its  results. 


Dosage. — The  ordinarj-  tonic  dose  of  arsenic  triuxid  ts  i  to  3  ing., 
Nio  l*^  /"^o  (P"-;  ^^  ^^^  liquid  preparations,  2  lo  5  drops,  three  times  daily. 
For  more  energetic  effects,  it  should  be  aimed  lo  c.'ttablish  a  tolerance 
by  beginning  with  small  doses,  and  gradually  increasing   ihcsc   tintll, 
some    local    manifestation    of    the   arsenic    appears — usually    diarrfaeftyJ 
colicky  pains,  or  conjutu'livilis  or  swelling  of  the  eyelids.     As  soon  tti 
these  are  seen,  the  amount  must  lje  diminished.     The  starling  dose  m^f{ 
be  3  drops  of  Fowler'»  solution,  or  5  mg.  of  the  oud,  three  times  daily^j 
increased  hy  i  drop,  or  1  mg,,  every  day.    All  the  official  liquid  arsenic 
preparations  contain   t   per  cent.     Thev  may  be  given  in   wftlcr;  liie 
trioxid  in  pills,  often  with  iron  and  stryciimn. 
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PREPARATIONS— INORGANIC   ASSENICAXS 

•JfirMiV  Trioxidiim  (.Arscn.  Triox.),  U.S.P.;  Acidum  Arscniosum{,\z\A.  Arsen.), 
P.,  Arsenic  Trioxicl.  Arscnious  Anhydride,  Arsenous  Oxid,  ArscDous  Acid  (White 
Arsenic).  ,\sjO». — UTiitc  pijwder.  or  irregular  masses  of  twn  varieties;  one,  amorphous, 
UTUWparenl  and  colorlcw,  like  glass;  the  other,  crystalline,  ofMiqitc  and  white,  resembling 
porcelain.  BoUi  arc  odorless.  Slowly  sol.  in  jo  (glassy)  or  loo  (powdered  or  porcelain) 
parts  of  water;  in  i  j  boilinR  water;  sjiaringly  in  ale.  Freely  sol.  in  hyrlriK^HInrir  acid 
aad  alkalies.  Base,  2  rag.,  ^jo  Sf-<  U^S.P.;  i  to  4  tng.,  >g4  to  >{e  gr.,  H.H.;  mcximum 
dose,  s  mg.,  Ka  gr. 

'Liquor  Acidi  Arsenosii  (Liq.  Acid,  Arsen.),  U.S. P.;  Liq.  Arsen.  HydrocM.,  B.P. — 
t  per  cent,  of  ^'UjOj,  0.5  per  cent.  HCl.  Clear,  colorless,  acid  liquid.  Incompatible 
(ol  all  arsenic  solutions):  salts  of  iron  and  of  magnesium;  lime-water;  tannins.  Dt>se, 
0.2  C.C.,  J  minims,  U.S.P.;  o.ii  to  0.5  c.c,  }  to  8  minims,  B.P. 

AneMic  lodidum  (.\rscn.  lod.),  U.S.P.,  B.P.;  Arsenous  lodid,  As  I». — ^Orange-rcd, 
iitodorous  crystalline  powder.  Si>l.  in  water  (i:ia),  with  partial  dccompofittion 
l>0se.  5  mg..  i<a  gr.,  U.S.P.;  3  to  ti  mg.,  ,^o  to  \i  gr.,  B.P, 

'Liquor  Antnic  ri  Ilydfirgyrl  lotliiittrum  (I^iq.  Arsen.  et  Hydrarg.  lod.),  II.S.P.» 
BP.  (Donovan's  Solution). — Represents  i  per  cent,  each  of  ;UIi  and  Hgli.  Dose,  0.1 
CC,  i^^  minims,  U.S. P.;  0.3  to  t.2  ex.,  5  to  20  minims,  B.P. 

*  Liquor  Polassii  Arsenilis,  (Liq.  Pot,  Arsen.},  V.S.V.;liqiwrArienicaJis  (Liq.  Arsen.), 
B.P,  (Fowler's  Solution;  Liquor  Kalii  Arsenicosij.^Polassium  arwaite,  corresponding 
to  t  per  cent,  of  .-VsjOj,  colored  and  flavored  with  Co.  Tr.  Lavender.  A  clear  or  faintly 
opalescent  liquid  with  a  pink  color  and  a  slight  odor  of  lavender.  It  is  slightly  alkaline, 
and  therefore  tTKompatthU.  with  alkaloidal  salts  (in  addition  to  the  incompatihiltties 
mentioned  under  Liq,  Acid.  Arsen.),  Dose,  0.3  c.c,  3  minims,  U.S.P.;  0.12  to  0.5  c.c, 
2  to  8  minims,  B.P.     ^f^lximum  dose,  0,5  c-c.,  8  minims. 

'Sodii  Arsenas  (Sod.  .^rscn.),  U.S.P.,  NajHAsO*  +  7 H,0.— Colorless,  transparent 
prisms.  Frcdy  sol.  in  water  (i  :  1.5).  Dose,  s  n^S-i  J'ls  gr-i  U.S.P.  Maximum  dost, 
10  mg.,  %  gr. 

Sodii  Arsenas  Exsiccatus  (Sod.  Arecn.  Exs.),  U.S.P.;  Sod.  Arsen.  Anhydr. — Frcdy 
vA.  in  water  (i  :  3.1).     Dose,  j  mff..  ^.f,  rt..  U.S,P.;  1.5  to  6  mg.;  Mo  to  Ho  gr.,B.P. 

Liq.  Sod.  Arsen.,  U.S.P.,  B.P.— i  per  cent,  of  \ajHAs04.  Dose,  0.2  cc,  j  minima^ 
U.S.P.;  0.11  to  0.3  c.c,  2  to  8  mimms,  B.P. 
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General  Statement. — The  organic  compounds  of  arsenic  conlain  the 
Biclal  in  non-ionic  form.  This  is  more  or  less  readily  liberated  in  the 
organism,  with  the  gradual  production  of  the  ordinary  arsenic  effects.  In 
detail,  however,  these  differ  considerably  from  those  of  inorganic  arsenic 
compounds,  partly  because  the  whole  organic  molecule  may  act  as  such, 
and  partly  perhaps  because  the  organic  side-chains  alter  the  penetration 
and  therefore  the  selective  action  of  the  arsenic,  so  that  this  is  liberated  in 
the  cells  which  it  does  not  ordinariSy  reach  in  effective  concentration.  At 
all  events,  the  differences  from  inorganic  arsenic  are  mainly  quantitative 
rather  than  qualitative.  In  the  body,  the  organic  com[>ounds  are  less 
toxic  to  mammals  and  more  toxic  to  protozoan  parasites.  In  this  way 
they  become  available  for  combatting  trypanosomes,  syphilis,  spihilosis 
and  other  protozoan  infections. 

I  However,  while  arf^eiiic  trioxid  kills  the  protozoa  in  test-tube  cultures, 
the  currently  used  organic  arsenic  compounds  are  practically  ineffective 
outside  of  the  body.  In  order  that  they  may  become  effective,  they  must 
be  altered  in  the  tissues.  The  active  decomposition  products  are  not  well 
known,  but  they  must  contain  trivalent  arsenic,  which  is  vastly  more 
toxic  to  protozoa  than  is  pentavalent  arsenic. 
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Chemic  Structures. — Cacodylic  Acid  and  Arsanilic  Acid  (Atoxyl)  arf 
dcrivalivcs  of  aDsunic  acid,  and  therefore  contain  the  pentavalent  arsenic  - 
Salvarsan  (Dioxy-diamino-arseno-benzol)  contains  trivalenl  arsenic  ■ 
which  acts  much  more  powerfully  on  ihc  parasites. 

Their  structure  h  illustrated  by  llie  formulas: 

/OH 

•      Areenk-  Acid :  O  •  A»(OH).;    0  -  .\ii^OH 

\0H 

Cacodylk  Acid:  O  As(CH.)iOH. 

Arsanilic  Acid:  O- AsRMiAHOCOH),  (Aloxyl). 

Aoetylamnilir  Arid:  O- As[C,H,NH  -  CH,rO)(OH), 

Uioxy-diaminoar&eno-beiizol:    (Salvarsan). 

As    —     As 


lAnacftin). 


nhJ\/       k  A'H, 

OH  OH 


Arsenic  Content — Arsenic  trioxid  contains  75.74  per  cent,  of  arsenic;  crystallurd 
soilium  arsenate,  34  per  cent.;  sodium  cacodylatc,  55.6  per  cent,;  •■Ddlum  arsanilale 
(atoxyl),  33  to  j6  per  cent.;  «alvar«an,  31.6  per  cent.,  neoiUvanmn,  about  30  per  cr ni. 

Chemotherapy. — This  term  has  been  restricted,  somewhat  arbilrarily, 
to  the  parasilicidal  treatment  of  infeclions  by  chemical  agents;  "Internal 
Antisepsis"  is  perhaps  a  more  descriptive  title. 

Other  examnles  of  chemotherapy  are  the  specibc  eflecl  of  qufnin  in  malaria,  rf 
mercury  m  s>^iiilis.  and  possibly  that  of  the  saUcylalc*  in  rheumatic  (ever.  TTinr 
were  all  empirical  dUcovcncs;  the  occasiional  use  of  arsenic  in  s^'phiUt..  trvpano9omiaM«, 
etc.,  was  stha  honhazard.  The  recent  development  o\  thb  field  is  due  mainly  to  the  iy- 
teniatic  work  01  P.  Khriich  and  his  pupils.' 

Affinity  of  Chemic  Substances  and  Living  Protoplasm. — Tlie  numen>uft  antlsepi 
which  arc  univer-'allycffccUveagainst  infective  agcnUouiiidc  of  the  bodyarenol  gri 
ally  available  (or  internal  therapy,  because  Ihey  have,  for  the  must  ruirt,  a  grrAUr 
afnnity  for  the  protoplasm  of  the  nost  than  for  that  of  the  panuites  fBccobold  and  Ehr- 
lich,  IQ06).  They  are  more  "orpinotropic"  than  "parasitotropic,"  and  therefote 
more  Injurioufi  to  the  host  than  to  the  parasite.  The  problem  of  chemotherapy  t»  thtxr- 
ton  largely  one  of  specific  sirtective  affinity  (penetration  or  ollverwiw;),  between  the 
Bpectiic  liviujt  cells  and  specific  chemical  substances.  These  difTerences  are  mainly 
quantitative,  but  ihcy  vary  grcativ  for  indi\*idual  substances  (astllustmtrd,  for  instance* 
by  the  vital  staining  of  tissues;  ifce  triple  stain  for  Icucocytt-s;  the  methylene  b1ue»tain 
for  nerves,  etc.).  While  therefore  the  cxititcnce  of  a  harmless  universal  iatcraal 
antiseptic  is  hifihly  imnmbable,  it  is  quite  conceivable  ihat  a  scriei  of  specific  •>ul>staam 
may  exist  which  combine  a  rebtively  hich  tojririty  for  a  certain  parasite  with  a  rrfa- 
tively  low  toxicity  for  the  tells  of  the  host.  Thi-.  hupeha<v  not  been  realized  for  ni'Kl 
bacteria,  which  have  genenily  a  very  high  rcMstancc.  The  protozoan  pBra<ale».  00  the 
other  hand,  are  much  more  susceptible,  and  the  efforts  of  Ehrlich  in  this  dinnrtian  have 
been  highly  euccessful. 

TrTiMUOSome  Experfanents.* — The  exoerimenlal  lh«rap>-  of  prQlin^uin  inrectiotts 
was  most  conveniently  investigated  on  tnc  Trypanosomei^,  which  by  their  dtfff 
species,  produce  the  tropical  "sleeping  sickness,"  and  similar  difteases  in  anic 
rhrlich  and  Shiga,  i904.!itudiedtbcinfluenceofagrGal  variety  of  ^ubMancc^on  tr>'p«a»^' 
some  infections  of  while  mice.  The  search  wa.^  at  Srst  haphazard;  but  when  partly 
successful  results  were  obtained,  it  was  sought  sv^tematitally  lo  impn>ve  these  by  alter- 
ing  the  stde-cbains  so  as  to  increase  their  !>pecilV  ailinily  for  the  cbemorecepton  of  the 
parasites.  The  effective  a^nts  found  by  Khriich  and  uv  independent  woixen  bdonf 
to  four  groups:  (i)  Benzidine  Dyes  (Trypan  red,  etc.);  I')  Bask  TripbenyluuD  4yn 

'P.  Bhrlicli;  "Beitnc«e  tur  cap.  Pxtfaol.  Knd  Ch^.■notl)Pt-.,"  1909.  A  ihon  iHwhiii  ei 
Bhrlich'a  work  iscivcD  by  L.  H.  Mkfka.  1910.  J-  A.  U.  A.,  js:  1974- 

■  A  syaopclt  of  th«  HpvrimeciUl  tberapy  of  tiyttuMume  uitccUo4u  ti  fiwa  t>]r  B.  T.  T«Tr.  Aitih. 
laltni.  Med.,  March,  1909. 
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(MaUchite  Green,  Parafuchsin,  etc);^  (3)  Arsenic  Compounds;  and  (4)  Antimony  com* 
pounds  and  also  liUmuth. 

These  iavestijjalioDS  were  impurtanl  mainly  by  elucidating  the  general  principles 
of  chemotherapy;  for  it  wa&  soon  lound  (hat  the  detailed  results  could  not  be  tran^erred 
directly  to  man:  Agents  which  were  effective  in  one  »pccic»  of  host  were  often  much  less 
effective  in  another.  The  dyes  in  particular  were  not  practically  available,  since  they 
cause  toteose  coloration  of  the  body,  irritiition  and  necroius  of  the  skin,  and  severe 
cachexia.  These  objections  do  nut  hold  for  the  arst-nic  or  antimony  compounds;  but 
with  the%  aJso  the  eiliciency  for  man  can  not  be  deduced  from  the  animal  experiments. 

Acquired  Resistance. — One  nf  ihe  most  important  results  was  the  discover)-  that 
the  injeciion  of  ineffective  doics  may  gradually  render  the  parasites  resistant  {"fast") 
to  the  agents  of  the  same  group,  although  tbc^y  preserve  their  susceptibility  to  drugs  c^ 
the  other  groups,  which  act  upon  other  rcccplurs  (F.hrlich,  1007).  In  this  way  the  Iry- 
panocidal  agents  may  be  divided  into  three  principal  groups:  (i)  ArscnicaU;  (i)  Para- 
■uch&in;  and  (j)  Acid  azo^dyes  of  the  benzo-purpurin  series  (tr>'pan  red  and  blue). 
There  are  a  few  sigoilicant  exceptions  to  these  laws:  Fvronin,  which  contains  no  arsenic, 
induces  resistance  to  arbanilic  acid.  Ar^nic  trioxid  docs  nut  render  the  Irypanosomes 
resistant;  bacteria  acquire  resistance  to  inorganic  arsenic,  and  are  then  also  resistant  to 
antimony  (II.  Marks,  1910).  The  arsenic  resistance  of  lr\-panQsomcs  extends  only  to 
animab,  and  tan  not  be  demonstrated  in  vtlro.  Khrlich  explains  this  by  lessened  avidity 
of  the  parasites  for  arsenic,  so  that  they  do  not  compete  unth  the  tis<iue  for  the  arsenic. 
This  diminution  o(  arsenic  avidity  is  a  graded  process,  and  the  trypanosomes  may  be 
made  "fast"  either  against  the  weaker  or  the  active  arsenicaU. 

This  insusceptibility  ia  preserved  for  many  generations,  even  if  the  resistant  parasite 
is  pa&sed  through  a  succession  of  ho^u.  It  U  therefore  worse  than  useless  to  employ 
■idaU  doaes,  since  these  would  only  render  the  organism  less  susceptible  to  further  treat- 
ment. In  the  phra«r<i1ogy  of  Ehrlidi,  one  niij>(  aim  at  a  Thrra/na  Sf^igtui  Strrilisans; 
at  kiUing  all  the  protozoa  with  a  sitigle  ma&sive  dose  of  the  antiseptic.  When  this  can 
not  be  duQC,  the  result  may  sometimes  be  attaiiicil  by  employing,  simultaneously  or 
tuocesaively,  two  or  more  agents  belonging  to  different  groups  (/./.,  Atoxyl  and  mercury, 
Kieienstein  and  Todd.  njo;). 

Arsenic  in  Protozoan  Infecdoos. — .\rscnic  has  bad  some  reputation  in  sj^ihilis  since 
the  times  of  Kallopiua  (Hcrz.fcld,  tQl  0,  and  the  cacodylatc  was  craployc<l  in  this  disease 
by  Gautier  in  184J6.  .\rtenic  was  also  used  in  malaria  with  fair  success.  The^e  in- 
itAnces  were,  of  course,  entirely  emiurical.  ExperimenUilly,  Lavcran  and  Mc»nil, 
iQoi,  found  that  arsenous  acid  c-au»e<[  the  temporary  disappearance  of  trypamisumef 
from  the  blood  of  infected  mice,  il  has  also  been  used  with  lair  success  in  human  case* 
(Merclt'ii  Reports,  11:333)  ^^^  tl^c  really  cflcctivc  dose  h  too  dangerous.  A  more 
selectively  parasitotropic  mtidilkation  was  found  by  K.  \V.  Th»imas.  i«>05,  in  Arwinilic 
add  (Atoxyl).  This  compound  vni->.  hrst  prepared  by  iJcchamp  in  i86j,  and  its  general 
actions  investigated  by  F.  Blumenthal,  1902.  It  was  then  u«ed  us  an  arsenic  substitute 
in  skin  diseases,  anemias,  etc.  Its  toxicity  to  mammals  is  much  less  than  that  of 
arsenic  trioxid,  its  acutely  fatal  dose  bein^  some  forty  limes  as  great.  It  proved 
highly  eiTiaicious  in  mice  and  wa&  tried  extensively  in  human  sleeping  sickness,  especially 
by  Kobcrt  Koch,  t<>07.  In  mail,  however,  it  often  causes  severe  toxic  effects,  uod 
the  clinical  rrsuhs  have  nnt  come  up  to  expectation. 

Spirochete  Infections  and  Sptrfllosis. — The  discovery  of  the  infective  agent  of 
s)-phi1is  ijy  Schaudinn  and  Hoffmann,  and  its  IransmissihiJily  to  monkeys  (Metchnikoff 
anid  Roux)  and  to  rabbits  (Bertardli.  Parodi),  opened  the  way  for  iis  experimental 
therapeutics.  After  a  series  of  trials.  Khrlich  and  Hutu.  1910,  found  (hat  Ilioxy-dinmino- 
arseno-bemol  {Salvarsan)  was  highly  specific  against  spirochete  and  certain  other  pro- 
toJUMR  infections  in  animals.  In  human  syphilis,  the  results  have  not  been  quite  as 
^Molule,  but  still  more  rapid  than  mth  the  old  forms  of  treatment 

SODIUM  CACODlfLATE 

General  Statement.— The  effects  of  cacodylic  acid  (dimcthylarseiUc 
acid)  arc  ciscniiall)'  ihosc  of  iht  inorganic  arsenic,  to  which  it  is  partly 
reduced  in  the  body.  Since  this  reduction  occurs  but  slowly,  the  action 
is  more  prolonged  and  less  toxic,  and  the  local  irritant  effects  arc  avoided. 
It  has  therefore  some  advantage.  On  the  other  hand,  the  degree  of  reduc- 
tion, and  therefore  of  the  effect,  is  variable;  and  the  cacodylale,  espe- 
cially  when   given   by    moulh,   imparls   a   jor/if   odor    (from   cacodyl 

I  The  cbenurtTT  of  Ukk  dyct  u  diacataed  by  It.  SchweitMr.  Science,  Dec  o.  toto. 
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Toxic  Effects  of  Atoxyl  in  Man.-~Acule  symptoms  occur  especially  with  doses 
exceeding  0.5  Gm.  Thiry  rcstmble  partly  tbo«e  of  ordinary  arsenic  pnisoning,  and 
cofuist  in  nausea  and  vomiung;  coljc,  vertigo,  general  weakness  end  somnolence;  neu- 
rites,  pain  in  limbs;  dwifness,  rctttitiun  of  urine,  somelimvs  nephritis;  iritis,  and  not 
uncommonly  permanent  optical  atrophy  (HaUopeau,  igo;;  Fordyce,  191 1).  Chrtinic 
poisontnjc  presents  the  ordtnarj-  phctiometia  of  chronit:  arsenic  intoxication.  The 
clinical  siflc  arljons  are  diiciissed  by  Seifert,  Nebenwlrk.,  1915,  page  178. 

Optic  Effects  of  Atoxyl  (and  Ar*a«tin).— The  eye  symptoms  usually  appear  within 
a  few  wccki  (in  Koch's  scries  only  when  the  doiage  exceeded  0.5  Gm.).  They  begin 
with  scintillation,  cloudiness,  diminished  vision,  and  contraction  of  the  visual  field 
(Fordyce,  lyil).  The  unalumic  changes  in  animals  as  well  as  in  man  (Birch-Hirsch/cld 
and  Koster,  iqio)  show  degeneration  of  ihe  optic  nerve  and  relinal  ganglia,  the  retina 
being  the  more  susceptible.     The  cerebral  cctU  arc  also  injurcd- 

Inorganic  arsmic  and  tCKody!  may  also  cause  oplic  neuritis  (of  the  nicotin  Ijrpe), 
but  only  ven-  rarely  fSulzer,  191 1).     Salvar»tn  does  nnt  fieem  to  cause  the  optic  injury. 

Protein  Metabolism. — Boyd,  1911,  found  in  two  human  cases  that  arsanilatc  lei»sens 
the  excreiiiin  nnd  taii-.e$  the  retention  of  nitrogen. 

Toxic  Effects  of  AtOJ^I  on  Animals.^The  acute  toxicity  of  atoxyl  is  perhaps  one- 
fortieth  of  that  of  inorganic  arsenic;  and  in jectiunsliavenuaiute  effects  fin  blood  pressure. 
However,  they  produce  chronic  e0cct^  and  anatomic  lesiuns,  the  distribution  of  which 
varies  quantitatively  in  different  nnimals  flfser^heimer  and  Itaiui.  igoy):  dogs  show 
mainly  characteristic  renal  hemorrhages  with  secondarj'  nephritis;  cats  exhibit  mainly 
ner^'ous  symptoms  with  histologic  lesions  in  the  brain  and  cord.  Rats  and  rabbiLi  arc 
intermediate.  The  distribution  iif  the  arsenic  corresponds  with  the  differences  in  effects. 
Xn  cats,/.!.,  the  arsenic  is  found  mainly  in  the  nervous  system;  in  dogs,  in  Ihe  parenchy- 
matous organs  C^Kersheimer  and  Rothmann.  igii).  Mamm-ils  also  show  the  optic 
deseneratioa,  both  on  local  and  systemic  administration.  (The  toxicity  of  atoxyl  has 
also  been  investigated  cxperimerlally  bv  Ciarni,  moS.)  \a  frags ,  Sanno,  lyri,  found 
that  the  toxicity  is  greatly  increa.sed  by  raising  their  temperature,  presumably  by 
favoring  its  transformation  into  more  toxic  products.  (A  similar  influence  is  found  with 
colchicin  ) 

Difference  bi  the  Actions  of  Inorganic  Arsenic  and  Atoxyl. — The  atoxyl  effects  run 
a  slower  course,  and  are  devoid  of  tnc  local  actions  of  inorganic  arsenic.  This  might 
be  due  simply  to  the  slow  liberation  uf  ianic  arsenic.  Some  of  the  other  difTeTcnces, 
such  as  the  optic  changes,  are  more  characteristic.  They  might  be  attributed  tu  the 
distinctive  locali7Jlion  of  the  arsenic.  It  is  possible,  however,  that  they  are  produced 
by  some  organic  decomposition  product.     /Vrtihcial  reduction  products  are  much  more 

» toxic  than  the  arsanilate,  tt>  mammals  as  well  as  to  protozoa. 
Excretion. — .Utcr  a  single  dose  of  arsanilatc,  the  arsenic  is  cxtrctcd  promptly  and 
Wclusively  by  the  urine  (Croner  and  Seligmwun,  1907).  With  continued  administra- 
tion, the  excretion  is  somewhat  more  prolonged;  the  greater  part  leaves  nithin  three 
days  (Simonot,  1910),  but  traces  continue  to  be  excreted  fur  three  weeks  (Welander, 
1909).  The  ejects  are  therefore  somewhat  cumulative.  A  small  part  leaves  by  the 
feces.     Only  a  small  proportion  Is  excreted  in  inorganic  form. 

.\  relatively  large  part  of  the  arsamlatc  remains  for  a  long  lime  unchanged  In 
the  blood  and  tissues  (Simonot,  J9101,  but  a  part  is  fixed  and  changed  in  the  cells. 
The  characteristic  distribution  in  different  animals  is  described  by  Igershcimer  and 
Rothmann.  1009. 

Reduction.-^Since  ar^anilic  acid  b  ilseU  practically  non-toxic  to  trynanosomes,  it 
follows  that  it  must  undergo  some  change  in  the  tissuc.%.  The  degree  of  decomposition 
and  therefore  the  cfTicicncy  and  toxicity,  vary  in  different  animals.  The  decom|K>silioQ 
products  have  not  been  isolated,  but  it  is  probable  that  they  must  contain  the  arsenic 
in  trivalcnt  form.  (Rothcrmundt  and  Dale,  191?.  however,  believe  that  it  is  directly 
trypanocidal.}  The  artificial  reduction  products,  which  vnry  nccording  to  conditions, 
are  much  more  active  than  the  ar>;inilale,  and  paraminophenyl-.-irsenous  acid  kills  the 

Kasites  in  the  test-tube.     B.  T.  Terry,  1912,  has  found  that  emulsions  of  Liver  and 
mI  reduce  arsanilale  into  directly  effective  products. 

PREPARATIONS — ARSANILATES 

Sciii  Arsanilas,  N.X.K.  (.\toxyl). — Occurs  as  white,  odorless  crystals,  of  faintly 
ulty  taste.  Readily  sol.  in  water  (1 :  5  or  6),  Dose,  0.03  to  0.3  Gm.,  .^  to  .t  gr.  hypo- 
dermicaUy  every  other  day,  gradually  increasing  if  neccssar)'  until  the  single  dose 
reaches  0.65  Gm.,  10  gr.,  and  u  ntil  a  total  of  6.5  Gm.  (100  gr.)  has  been  given,  it 
ffluat  not  be  administered  by  mouth. 
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Arsacctiit.~SQdmm    acetyl    areaniUte.  C4l4(.NHCH,CO).\sOOH  ON*  +  4H      -^ 
Is  leas  toxic  acutely  than  arsanikte,  aod  is  highly  paiHuliridal  in  mice.     In  m.^^  '*'\tf. 
however,  il  ia  no  more  vfftxtive-  than  the  original  substance,  utd  h  equuDy  Htible  to  to^"  '^'t^.  i 
blindness  iJ.A.M.A.,  igio.  54:  iSSO'i  ""d  il  i*  even  more  apt  to  produce  renal  irriuti:  -^^*»' 
(Dorchers  iQio).     Its  only  advantage  i»  the  greater  stability,  ho  thatitcao  be  »teriliiM~  *"- 
without  decomposition.     The  dosage,  hjiiodermically.  itt  0.1  (o  0.5  Gm. 

Ehrlirh,  1907,  noticed  that  some  mice  treated  with  anacctin  arqufre  the  cnric^J 
waltzing  habit. 

SALVARSAN  AMD  NEOSALVAKSAN 

Composition. — Salvarsan   (ArseHphenolamin,  "606,"  ArsenobenzoT 
is  diamino-dihydroxy-arseno-benzcne  hydrochlorid  (see  Structural  Forr« 
ula,  page  744). 

Ncosalvarsan  ("gi4")  is  a  soluble  preparation  of  salvarsan,  viz., 
um  diamino-dihydroxv-arseno-benzene-mclhanal  sulphoxvlate,  NHj-OIt'^ 
CsH3-.\s:AsCai*OH'NH(CHsO)OSNa,    mixed    with    inert    inorRanr* 
salts,  so  that  .^  parts  of  neosalvarsan  approximate  in  arsenic  content  -^ 
parts  of  salvarsan. 

Experimental  Results.^ The  intruduction  of  salvarsan  vra«  the  direct  outcome  ol  tr  :9 
chemo-thcrapcutic  studies  of  Ehrlich.  The  substance  was  prcimed  by  Bcrthdzn.  **■**___?* 
tested  by  IChrlith  iind  Hala.  1910.  They  found  that  a  single  injection  of  a  hanni^» l-*'^*'''* 
dose  freed  animals  completely  and  permanently  from  spirillosis  and  certain  other  prot*'**"""^ 
zoan  infections,  including  syphilitic  spirtKhcte*.  Bacteria  arc  generally  not  very  m*-*^**" 
ceptihie,  hut  accnrding  In  Rooh,  igij,  salvarsan  is  directly  germJridal  to  anthrat.  evw-^^"^»''W 
in  living  ammub.  Il  i«  ineffective  in  rabbita  (Mcjia,  1913).  The  ijUsccptibiLity  '^C-7« 
spirochetes  is  materially  greater  in  the  pre!<«nce  of  enzymes  from  the  liver,  and  eE|i 
dally  from  the  blood  (Bronfenbrcnncr  and  N'oguchi,  1913). 

Therapeutic  Results  in  Man. — Salvarsan  has  been  completely  suc< 
ful  in  relapsing  /iter  (Iversen,  loio),  in  frambesia,  and  in  yaws  (Nid 
1910).    The  degree  of  its  usefulness  in  teriiar>'  malaria,  sleeping  stcki 
and  certain  other  protozoan  Infections;  and  in  leprosy  and  pellagra 
undecided.     Wadhams  and  Hill,  ipi.;.  have  used  it  successfully  in  a  fc= 
cases  of  amebic  dysentery.     Il  has  been  tried  as  a  substittUf for ordina*- 
arsenic,  in  skin  dlwases,  pernicious  anemia,  as  a  tonic,  etc.,  but  wiihor 
serious  advantage- 
Results  in  Human  Syphilis.^  Salvarsan  has  proved  remarkably 
cessful,  although  it  has  not  fulfilled  the  original  hope  of  complete  cu 
by  a  single  injection.     The  conditions  are  evidently  not  as  ^mple  as  : 
experimental  animals. 

Early  Lesions. — Complete  success,  similar  to  that  in  animals,  occu.: 
only  in  specially  favorable  conditions,  when  il  is  injected  dtu-ing  the  pa^-^^P" 
mary  stage,  the  initial  focus  being  excised  or  destroyed  by  local  mcrcuriJc  »t*^ 
Ireatmenl.  Ordinarily,  the  spirochetes  begin  to  disappear  in  a  few  hou-*— ''^" 
from  the  chancre  and  condylomata,  and  are  completely  absent  in  one  •■  '^ 
two  days;  however,  they  generally  reappear  after  a  time.  In  this  wi;:-**?^* 
salvarsan  abolishes  promptly  the  main  dangers  of  contagion— a  very  i'*'^*^'*™] 
portant  advantage.  Its  efficiency  is  in  direct  ratio  to  its  early  use,  i^"'"*;^?^ 
its  principal  field  is  in  the  primary  stage,  where  its  use  prc\cnls  the  dc\-eloB<='*W 
ment  of  secondary  symptoms  and  of  positive  Wassermann  reaction.  J 

Lattr  Stages. — In  these,  il  still  produces  very  marked  but  temporal^  ^.iB 
effects,  a  single  injection  often  equaling  months  of  mercurial  trealmen  rf"**"^ 
Complete  disappearance  of  the  s\7ihiliiic  symptoms  is  the  rule  Surface :iff^ 
lesionsand  ulcers  especially  are  repaired  with  astonishing  r.ipidity.  Mj 
nant  ca.ses  and  those  which  have  resisted  mercury  may  cede  promptly 
the  salvarsan.     However,  even  these  striking  results  we  almost  alwaj^*^ 
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followed,  after  a  lime,  by  relapses,  so  that  the  treatment  must  be  repealed, 
or  supplemented  by  mercury.  In  a  few  cases  salvarsan  fails  completely; 
presumably  the  splrocheles  are  in  some  region  which  is  difEcultly  accessible 
to  the  drug.  In  general,  the  older  the  infection,  the  less  is  the  efficiency 
of  saivarsan. 

In  parasyphiiitk  cottdUiom  (tabes,  general  paresis,  etc.)  salvarsan  is 
usually  ineffective,  although  it  sometimes  produces  striking  improvement. 
It  is  worth  trying  at  (he  very  start  of  the  sympioras.  In  syphilitic 
aortitis,  ^Ivarsan  and  mercury  rarely  give  more  than  lc>mporary  relief 
(Longcope,  igi4). 

HfTcdHary  syphilis  has  been  cured  ihrough  Ihc  milk,  by  injecling  the  nurae;  atirl 
(tmgenU^J  syphiili  by  injtrcliun  uf  th<^  miithrr.     Antrnic  has  Deen  found  in  (he  placcTiln, 

but  it  U  doubtful  whether  it  is  transmitted  to  the  fetus. 


'  Wassermann  Readion. — The  eE&ciency  of  salvarsan  is  reflected  in  the 
Waswrmann  reaction:  In  a  few  of  the  most  favorable  cases,  this  becomes 
and  remains  permanently  negative  after  a  single  injection.  Much  more 
commonly  the  negative  reaction  is  not  lasting,  but  returns  in  a  short 
time  to  positive.  It  may  then  be  again  suppressed  by  further  treatment. 
Lesser,  it>ii.  considers  the  cure  incomplete  until  a  permanent  negative 
reaction  is  obtained.  In  les.s  favorable  cases,  the  Wassermann  reaction 
is  not  altered,  and  in  a  few  a  temporarily  negative  reaction  may  even  be 
roused  to  a  positive  one. 

Possibility  of  Permanent  Cure. — There  is  now  Ultle  doubt  that  suitable 
cases  are  cured  by  siiflQciently  large  and  repeated  doses,  especially  when 
alternated  with  mercury. 

I     Advantaf^e   over   Other  Arsenicals.   -T)\(i  curative  action  of  salvarsan 
*s  also  shared  by  all  other  arsenic  compounds,  but  it  possesses  the  practical 
advantage  that  the  effective  doses  can  be  introduced  with  much  greater 
safety. 

Advantage  over  Mercury. — The  relative  advantages  of  mercury  and 
salvarsan  are  rather  evenly  balanreti,  so  that  salvarsan  has  supplemented, 
rather  than  displaced,  the  older  drug.  Its  main  advantage  is  the  much 
more  rapid  action,  which  brings  the  disfiguring  or  dangerous  lesions  (espe- 
cially of  the  mucosa?)  unrlt-r  prompt  control,  limits  contagion,  and  is 
highly  imimrtant  in  malignant  cases.  The  second  advantage  is  that,  in 
combination  with  mercury,  Jl  is  more  efficient  than  this  drug  alone  or  with 
iodids.  It  has  a  special  field  in  cases  in  which  mercury  is  ineffective  or 
not  tolerated. 

Disadtania^es  of  Salvarsan. — These  involve  partly  the  inconvenience, 
expense,  loss  of  lime,  relatively  complicated  technic.  and  pain  of  its  ad- 
ministration, certain  special  contraindications,  and  the  not  infrequent 
occurrence  of  mure  or  less  lo.i;ic  side  effects.  These  arc  also  produced  by 
Neosalvarsan  (Wolf!  and  Mulzcr,  igia).  Fatalities  and  permanent  injury, 
however,  are  so  infrequent,  if  proper  precautions  arc  employed,  that  they 
do  not  seriously  interfere  with  the  usefulness  of  salvarsan. 

Comparison  oj  Salvarsan  and  Seosaivarsan. — It  is  still  doubtful  which 
of  these  drugs  is  superior.  The  neosalvarsan  has  the  advantage  of  easy 
solubility,  and  therefore  simpler  technic.  However,  it  is  more  readily 
decomposed,  and  the  products  are  more  toxic.  Some  believe  that 
salvarsan  is  more  efficient  (Whitehousc  and  Schuyler,  1913;  Nelson  and 
Haines,  1914).     Opinions  differ  as  to  the  relative  local  irritation. 
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I>irect  Local  Irritation. — Iniraniuscular  and  subcutan<-ous  injections 
of  acid  solutions  cause  very  severe  local  and  neuralgic  pains,  [icr^ling  for 
several  hours  or  days.  These  are  due  mainly  to  the  aridity,  and  are  very 
much  less  with  the  neutral  suspensions.  However,  c\'en  with  the  latter, 
and  with  ncosalvarsan  solutions,  there  is  more  or  less  swelling  and  inn^ 
tration,  lasting  one  or  two  weeks;  and  sometimes  necrosis,  infection,  or 
abscess  formation.  H.  E.  Robertson,  1913,  describes  severe,  slowly 
healing  destructive  lesions,  often  complicated  by  hemorrhages  and  slough- 
ing abscesses.  Sometimes  the  injections  arc  not  absor)>ed  (due  to  local 
thrombi,  Loehc  1912;  Takahashi,  1914),  ^o  that  the  deposit  may  remain 
indefinitely.  Salvarsan  always  leaves  an  insoluble  yellow  pigment,  which 
acts  as  a  foreign  body  (Robertson).  During  the  intravenous  injtciion, 
there  is  often  intense,  but  fleeting  pain  in  the  shoulder  (endocardial 
irritation?). 

Systemic  Toxic  Actions. — The  cause  of  these  has  not  been  fully  eluci- 
dated. There  apjH:ar  to  be  several  distinct  varieties  (EhrUch,  ipii). 
Some  may  be  ordinary  arsenic  phenomena,  such  as  the  occasional  nephritis 
(which  occurs  especially  on  intramuscular  injection).  Others  arc  at- 
tributed lo  decomposed  solutions,  and  some  to  the  toxirity  of  the  salvarsan 
itself.  The  common  febrile  reactions  are  ascribed  mainly  lo  impure 
water.  Reactions  of  the  luetic  tissues  and  skin  are  explainable  by  the 
liberation  of  luetic  toxins,  while  the  late  *'neuro-recurrenccs"  arc  ascribed 
lo  the  more  vigorous  aclivnty  of  surviving  spirochetes.  All  of  these 
explanations  are  more  or  less  h>'pothelical.  The  mortality  is  perhaps 
1  :  3,000  fCoilett,  1913). 

Wechselinann,  1914,  bos  collect«cl  reports  of  140  faulitien.  He  15  inclined  to  attribute 
thc'^  mo'.ily  to  the  -ialvarsan  it&elf,  actini;  on  some  pathologic  conditionfi, usually  renal 
This  interpretation  is  not  universally  accepted. 

Z.ethal  Dose. — At'cordini;  to  animal  cx{icriments,  Brseoic  in  the  iann  n|  saJvanu 
ii  about  onc-scventh  (one-third  to  one-fourth,  Luithlcn.  1911}  as  toxic  u  in  inoqtuk 
form  (Kochmann,  tQii).  The  fatal  tntruvenous  dose  far  rabnilft  would  correspond  tor 
man  to  about  5  or  6  Cm.,  or  ten  timu  the  therapeutk  dose,  i  Gm.  has  been  fn^enrUni- 
caiLy  without  serious  re^ls.  The  acute  toxicity  of  neosAlvarsan  is  stated  as  about 
ball  as  high  (Kcr<^iner,  191^). 

Solutions  of  salvarsun  in  scrum  are  much  less  toxic  lo  rabbits  than  arc  watery  udii- 
tlons  (Roirk.  nji.O- 

Acute  Effects  in  AninuUs. — ^These  resemble  ordinary  arsenic  poisoning 

superficially,  although  the  immediate  efifects  are  probably  molecular. 
They  result  in  fall  of  blood  pressure  (mainly  cardiac),  renal  irritBtioa, 
anatomic  parenchymatous  lesions,  and  nervous  phenomena.  Ionic  anenJc 
may  play  a  part  in  these  late  phenomena. 

Circulation. — The  hhrod  pressufe  falls  se\'crety  on  intravenous  injectioQ;  but  ia  cdck 
trast  to  ordinar>'  arsenic,  tne  fall  is  mainly  canUaCj  and  the  vessds  of  frogs  arr  coo- 
Btrictcd.  Excised  hearL^  are  depressed.  TbiK  cardiac  action  u  the  cornmon  caasr  of 
acute  fatalities.  The  tanjiomclrr  may  show  cnnliac  dilation  even  when  the  blood  pn*- 
sure  does  not  fall,  the  vasoconstriction  compensating  for  the  vcakcninff  (Luilhlen,  1911). 
The  effects  arc  jnvatly  influenced  by  ihc  conccalration  and  reaction.  Acid  solutioai 
are  especially  fat.il  to  the  hc.^rt,  but  alkaline  solutions  render  it  more  f^uscvptible  to 
strain  (Aucr,  1911).  The  fall  i»  greater  when  tricuspid  iDBUf&cieacy  exists,  but  not  m^ 
aortic  insutiicicncy  {.\lwen.s,  iqij). 

Ciiniral  Ejects  on  Circutalion. — Occa&id&olly  there  arc  severe  reactions  (BuicL 
loi  3),  but  usually  doses  of  o.j  to  0.6  Gm.  produce  only  sli^t  and  inconstant  chance*  of 
blood  pressure.  The  heart  rate  shows  slight  but  luting  increase.  There  may  I*  a 
temporary  tliuresis.  The  er>-throc>-te8  ore  temporarily  increased.  Roil«ton.'  i^if, 
finds  IhAt  neosalvarsan  injections  are  generally  followed  by  a  fall  of  systoUc  (average 
16  mm.)  and  diastolic  (t  j  mm.)  pressure.    The  formation  of  white  corpuacln  (c«p«cUly 
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neutropbiles)  ia  stimulated  <K£cntkowski,  1911).  Ucdcn,  1915.  describes  ■  decreau 
of  hentof{lohin. 

pTccifilalioH  of  Blood. — Joseph,  tgii,  observed  that  acid  (not  alkaline)  solutions, 
above  o.t  ^mt  ceac,  precipitate  blood,  in  the  vessels  as  well  »s  in  ihc  le>t-lube.  The 
quantity  and  coarecntis  of  the  precipitate  depend  upon  the  conccntralion  af  the  solu- 
tion, not  upon  the  quantity.  In  living;  animals,  Ihc  picciiiltatc  docs  not  pa^  the  pul- 
monary circulation.  With 0.3  percent.  ^^oUitian,  thcproripltateisso  fine  as  lobe  hann* 
less,  but  with  3  per  cent,  it  may  caU5C  fatal  pulmonary  embolism. 

Hemolysis. — According  to  Curridi,  isotonic  solutions  of  neosalvarsan  or  add  solutions 
of  aalvantan  are  not  hemolytic,  hut  alkaline  solutions  dissolve  the  corpuscles.  He 
prefers  ncosalvarsuo  in  0.4  per  cent.  XuCl  to  watery  solutions  for  intravenous  injec- 
tions, but  th«e  must  be  uiicu  promptly  or  oxidation  will  occur  (denoted  by  brown  color 
and  turbidity). 

LeutocyUj. — Rabbits  show  at  firvt  leucopcnla,  followed  in  several  hours  by  leucocy* 
tosis,  especially  of  neulrnphilc  [lolynuclears  (Corridi.  lyu). 

i/xJc/fdHJAVrw.— Joseph,  lou,  found  that  the  cxciiabiUiy  of  frog's  muscle  is  abol- 
bbed,  both  io  acid  and  alkaline  sututtons,  but  the  action  uccuts  only  slowly,  and 
tequires  high  concentrations. 

Parenckymalous  Defeneration. — Fatty  and  necrotic  chanjjcs  are  of  inconstant 
occurrence,  clinically  and  in  animals.  TTicy  resemble  ordinarj'  arsenic  lesions,  involve 
especially  the  liver  (acute  yellow  atrophy);  then  the  kidneys,  heart,  ner\"ous  system 
(encephalitis  hemorrha^iica)  ant|  spl^n  (llussc  .ind  Merian,  irjii;  Morel,  Mouriguand 
sod  Folicard.  1912;  SchlasberK.  kidney,  1911;  SchiroKorow,  1913.  Mucha  and  Ketroa, 
1911,  claim  that  even  small  closes  dnm.ige  tlie  reralvessrls  and  glomeruli).  Tlic  in- 
testines may  also  show  hemorrhagic  and  intlammator>"  changes  (Sacconc,  1913).  The 
lesions  occur  esjiccially  nftrr  repeated  injection,  and  arc  increased  by  combination 
with  mcrcurj',  uranium,  cpincphrin  or  Roentgen  treatment  (Luithlcn,  1913;  .\.  Locw>' 
and  Wechwlmann,  1913). 

Luithlen  emphasizes  the  f^rc-iter  toxicity  of  salvarsan  to  animals  which  have  been 
Mibjectcd  to  these  vascular  injuries,  and  believes  them  analogous  to  the  Herxheimer 
reaciion;  i.e-,,  that  this  is  a  specific  salvarsan  effect  oD  vessels  previously  injured  by  the 
luetic  process. 

Ifmous  PkettMtena.-~v.  Marathalko  and  Veszpremi,  i^n,  found  multiple  hemor- 
rhages  and  thrombi  in  the  bndn,  with  symptoms  corresimnding  to  the  eiuepmJUu  l^pe 
of  clinical  salvanan  poiiwmag. 

Metabolism. — The  effects  resemble  arsenic  (Pnstoiev,  1912!.  Sj-philitic  putientft 
under  Ircatmeni  show  some  nitrogen  loss  on  the  day  following  the  injection;  otncr^ise, 
the  chaojtes  are  inconstant  (Cappclli,  ii^ii). 

Acute  Clinical  Fatalities. — .\cute  collapse  (cardiac?)  has  sometimes 
occurred  immediately  after  the  injectioa,  generally  after  the  second  dose. 
The  coUapse  usually  ends  in  rapid  recovery,  verj*  rarely  in  death  (Tomasc- 
zewski,  1913). 

Some  patient^  after  repealed  injections  of  salvarsan,  exhibit  respiratory  aikd  vaso- 
motor symptoms  reMmbling  anaphylaxis  (Swift,  1913J. 

Subacute  CUnicat  Arsenic  Fatalities.— These  arc  difficult  lo  distinguish 
from  the  indirect  iataUiic-s,  but  may  be  classed  as  arsenical  by  their  resem- 
blance to  ordinary  arsenic  and  ^Ivarsan  poisoning  in  normaJ  animals. 
They  start  a  day  or  two  to  a  week  after  the  administration,  often  after  the 
first  injection,  with  headache,  weakness,  vomiting,  sometimes  icterus,  in- 
continence of  sphincters,  coma,  dyspnea,  cyanosis,  and  death  in  three  or 
four  days.  Paralytic  svTiiptoms  may  be  ol>ser\'cd  (Chiari,  I913)<  Iden- 
tical effects,  n-ith  fatal  ending  and  autopsy  lesions  typical  for  arsenic, 
have  been  witnessed  on  non-luelic  patients  (Lube,  1914), 

The  lighter  cas^s  may  exhibit  nephritis,  diarrheii,  or  cxanthi-mata.  The  autopsy 
sbaw«  hemorrhages,  ihromUtsis,  focal  inflammatory  softening  of  the  central  nervous 
»y)lcm,  degenerative  parenchymatous  changes  in  the  kidneys,  liver,  beart-musclc,  spleen, 
etc.  (Busse  and  Merian,  1913;  Tomasczewski,  IQ13;  Corlelt,  1913). 
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Decomposed  Solutions,—  Salvarsan  and  neosalvarsan  decompose  vtty 
quickly  on  contact  with  air,  with  the  formation  of  other,  much  more  toxic, 
arsenic  compounds  (such  as  amino-oxyphcnyl-arsenoxid,  Ehrlich  and  Ber- 
theim,  igia).  They  are  therefore  marketed  in  sealed  air-free  tubes.  The 
contents  of  a  tube  should  be  used  at  once  flfter  opening  and  under  no 
circumstances  should  the  contents  of  a  tube  damaged  in  transportation 
or  any  remnants  of  the  powder  from  previously  opened  lubes  be  used. 

Acute  Febrile  Reaction. — Very  commonly  the  injection  is.  followed  by 
more  or  less  fever,  chills,  rapitl  pulse,  headache,  lumbar  pains,  malaise, 
nausea  and  vomiting,  and  diarrhea.  These  effects  are  of  short  duration 
and  rarely  serious. 

They  Brc  nptxioUy  murked  in  the  presence  of  infections,  cvtn  if  sliglit  ( Wechsclmann. 
1910),  or  if  H-ilc  distilled  water  is  used  (Wcchsclmanii,  iqii;  Swift  and  EUs,  1911). 
Ehrlich  assumes  that  the  bacleriai  products  sensitize  the  body  (o  arsenic  Neiuer. 
iQio,  attribute)^  it  Co  the  destruction  of  the  spirochetes.  Peihap»  the  most  prob«b1e 
cxplanutlon  is  that  of  Luithlen  and  Mucha.  1913.  namely  1  destructive  action  of  lalrar- 
Mn  un  pathologic  tissues, 

Reaction  in  Luetic  Tissue  and  Skin.-^The  luetic  lesions,  especially 
of  the  trunk,  often  show  a  bright  red  erythema  ("Jarisch-Herxhetmcr 
reaction").  These  phenomena  set  in  early  and  lost  only  a  few  days. 
Generally  they  cause  little  inconvenience;  but  it  is  conceivable  thai 
analogous  reactions  in  more  vital  organs  (cerebral  gumma)  might  be 
immediately  dangerous.  The  icterus  which  is  often  seen  may  possibly 
belong  to  this  class.  It  might,  however,  be  an  arsenic  phenomenon. 
Acute  yellow  atrophy  of  the  liver  has  been  described  (Sevcrin  and 
Hcinric'hsdorf,  1912).  Fischer,  1915,  attributes  this  to  the  syphilis, 
not  to  the  drug. 

Neuro-recurrences, — Sometimes  salvarsan  injections  are  followed 
after  an  interval  of  weeks  or  months,  by  severe  nen'ous  manifestationf 
epileptiform  convulsions,  acoustic,  more  rarely  optic,  facial,  and  other 
neurites.  These  do  not  appear  to  be  due  to  the  arsenic,  for  similar  effects 
may  occur  in  mercurial  treatment,  and  they  cede  on  further  sal\'arsan  or 
mercur\-  medication.  Ehrlich,  191 1,  attempted  to  explain  them  by  the 
incomplete  destruction  of  the  parasites;  those  which  escape  being  then  \csa 
exposed  tu  the  normal  restraining  influences,  and  a.ssuming  a  greater 
virulence. 

Optic  Neoritis. — This  is  a  rare  sequel  of  salvarsan  and  neosalvarsan.  It  is  fcnenlli 
claascd  with  the  rieiiro- recurrences;  but  .ArgunaraK,  1014.  reports  a  series  of  casta  wkka 
be  attributes  directly  to  the  drug,  and  not  to  the  spjrochetoi. 

Contraindications  to  Salvarsan. — It  must  not  be  forgotten  that  salvar- 
san is  an  heroic  remedy.  Ehrlich  himself  never  claimed  that  ef5cctjvc 
doses  would  be  free  from  danger,  and  alwaj-s  adN^sed  against  its  use  in 
debilitated  individuals;  specifically  in  severe  disturbances  of  the  circulat- 
ory organs,  advanced  degenerations  of  the  central  nervous  system,  fetid 
bronchitis,  and  cachexia,  unless  these  are  directly  syphilitic;  in  optic  neu- 
ritis; in  patients  h\'persusceptible  to  arsenic,  or  in  those  who  have  recently 
received  a  course  of  other  arsenical  medication.  Diabetes,  tuberculosts 
and  nephritis  are  considered  contraindications  by  some,  by  others  not 
Caution  must  also  be  used  in  old  or  alcoholic  patients. 

Absorption,  Fate  and  Excretion. — The  absorption  of  salx'sraan  is  alow, 
even  from  intramuscular  injections,  some  arsenic  generally  remaining  at 
the  site  of  injection  for  months    (Schucbel,  1914)-     Keosalvarsaji  is  ab- 
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$orbed  more  rapidly  (Ullmann,  1912,  75  to  85  per  cent,  wilhin  a  week; 
Swift,  1913)-  Very  little  is  absorbed  from  the  rccfum.  The  excretion 
of  arsenic  occurs  mainly  by  the  urine  and  feces.  In  the  urine  it  begins 
promptly,  but  proceeds  rather  slowly  especially  after  muscular,  but  even 
after  intravenous  injection,  unknown  compounds  being  jiresent,  c^ccially 
in  the  parenchymatous  organs,  for  weeks.  Onlv  a  small  part  is  excreted 
unchanged,  the  main  portion  being  ionized  [V'alenti,  191  a;  Usuelli,  1903). 
The  course  of  excretion  is  essentially  similar  in  luetic  patients  and  in 
healthy  rabbits  (BurnascheS,  1913). 

Course  of  Excretion. — Salvnrsan  may  be  demonstrated  in  the  urine  within  a  few  min- 
utes- to  two  hour*  after  administratitm  (.AheHn,  iQii).  With  inlrawttums  Injfflii'n.  it 
remains  in  the  blood  plasma  lor  1  to  2  hour*  (B<>cker,  1915).  The  excretion  bcRins  in 
two  or  threr  liuurs  (Lsuvlii.  n)ii).  and  ib  jirACticiiUv  completed  in  four  days  (Hoppe, 
1910);  but  tratcs  may  be  found  up  to  Uiri-c  months  (Hcuscr,  icjti). 

After  iniromiisciUar  iHjfctwn,  the  cKcrclion  is  much  sluwi-r  (Grcvcn.  loio;  FLschcr 
and  lioppc,  iqio;  Irokawa,  t<>r4},  but  varies  with  the  absorption.  In  man  it  bc;^ns  in 
Hx hours;  die  roanimum  excretion  occurs  in  four  to  six  days;  in  eight  days  two-third^  have 
been  excreted  by  the  urine.  Traces  were  found  in  twenty  to  forty  days  (Mulo  and 
Sanno,  1911;  Usueili,  1913;  bv  Hcuser  up  to  nine  monlhs).  TTie  courw:  of  excretion 
haaal«n  been  snidied  by  K»calfon,  1912.  The  excretion  is  said  to  be  hastened  by  Potas- 
sium iodid  (Grevcn,  tpto). 

Hypodrrmn-  injrrtiems  are  eliminated  more  rapidly  Ihar  ihc  intmniuscular  ((trcvcnl. 
Relatively  lari;e  quantities  arc  e.\crctcd  by  the  gastrointestinal  c^inal  ll'llmann.  iqij; 
Sluebmer.  1914):  two  to  Icn  limes  as  much  ii<,  by  thcuriiio  (Fn-iikc-l-llcidrnatid  Navos- 
sutr  1913).     The  miik  also  contains  arsenic  (Caflatcna,  191 1). 

Exfteiion  of  Anettic  into  Crrfhro-spinai  Fluid.— WuW,  191 5,  found  arsenic  abwnt  after 
intravenous  injection  of  sodium  arsenate  or  cacodylale,  and  after  intravenous  neosal- 
varsan.  With  intravenous  salvnrsan.  the  results  were  variable.  Camp,  1913.  obtained 
it  only  with  toxic  doses  of  wilvarsan.  The  permeability  of  the  meninges  i«  not  m- 
creased  by  the  subdural  injection  of  irritants  (btillm&n  and  Swiit,  1915). 

Distribution  of  Salvanan. — .Vftcr  inlrsvcnous  injection,  the  salvaraan  does  not 
remain  frfi.-  in  ihe  b1(t.Mi,  whii  h  contains  only  traces  after  Iwcnty-fuur  hours;  but  it  is 
promptly  tlcjhMitcd  in  the  .^plccn.  kidneys,  bones,  muscles,  and  esoecially  in  the  liver 
{Bam^Irtn,  191 1),  and  exceplinnatiy  traces  in  the  hrnin.  It  m.iy  oc  deraonstntted  in 
these  org;ani4  for  monlhs,  as  inorganic  and  organic  arsenic  (SlucmpkeandSiei^ried,  igii; 
Ritter,  1911;  Ullmann,  1912).  Arsenic  also  passes  into  the  placenta  (Buroiiscncfl. 
19IJ). 

Administration. — The  intravenous  method  is  now  preferred  to  the 
intramuscular;  some  operators  prefer  to  follow  the  inl-ravcnoua  injec- 
tion in  two  or  eight  days,  with  a  second  intravenous  or  with  an 
intramuscular  injection  of  about  half  the  ordinary  dose;  and  a  third 
^ull  dose  after  three  to  four  weeks.  In  any  case  the  salvarsan  should 
be  followed  by  vigorous  mercurial  treatment.  The  course  may  be 
repeated  at  intervals,  until  a  permanent  cure  is  effected. 

Rolmer  and  Schamberg,  191},  have  tried  oral  adminittration  in  man  (0.6  Gm.}  and 
in  animals.  There  were  no  toxic  symptoms  other  than  vomitini;  and  diarrhea,  but  the 
therapeulic  effect  was  very  feeble. 

Intraspinal  Injctliona  of  Salvarsanized  5rrKm.^The  ailminislration  of 
saJvarsan  by  the  ordinary*  methods  is  not  very  effective  in  cercbru-spinal 
lues,  since  but  little  of  the  salvarsan  passes  into  the  ccrcbro-spinal  fluid. 
Swift  and  Ellis,  191.^,  have  therefore  intrutluced  the  direct  spinal  injection 
of  the  patient's  serum,  withdrawn  an  hour  after  the  intravenous  injec- 
tion of  salvarsan,  and  healed  fur  half  an  hour  to  56''C.  Such  serum  has  a 
distinct  effect  on  the  spirochetes,  in  the  test-tube  as  well  as  i«  n'tyi,  and 
'he  method  has  given  encouraging  results.  The  pain,  psychical  disturb- 
ances and  cell  cotmt  are  usually  markedly  improved.    The  best  results 
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are  obtained  with  early  lesions;  they  are  sometimes  successful  in  tabes 
and  beginning  paraK-sis;  poorwthestablishedprogrcssiveparalysis.  The 
injections  are  safe,  and  can  be  repeated  as  often  as  needed  (Draper,  1915). 

The  salvarsan  may  aho  be  added  directly  to  scrum,  iistnf;  not  over  0.5  mg.  It  ik 
unsafe  to  give  more  than  two,  or  at  most  three,  conwculive  injections  (Draper). 

JtUraspinui  Inirction  of  Sttivunan  Solttiions. — This  cau&es  severe  irrilmttoa  of  ibe 
cord,  and  some  writers  advise  that  it  should  not  be  attempted  in  man  (Eltis  and  Swift, 
1913;  Marinirsco,  1913).  Others  con>idcr  it  fairly  safe  wheaacuR-ful  Icctinic  is  followed. 
either  usin^  a  hy[iertonic  (6  per  cent.)  solution  (Ravaut,  1914;  Wile,  iqh);  or  mixioit 
the  drug  with  ccrcbnt-spinal  lluid  so  as  to  f;ivc  a  concentration  of  0.05  too.i;  percent, 
and  a  dosage  of  .'-j  ^o  u  tng.  Nfusalvanian  is  alnMisl  alwiiy*  prt-fprrcd.  The  injection* 
are  grnerally  repeated  every  neek  In  three  weeks,  and  Combined  with  systemic  adtiua- 
istration  (bibliography,  Nocgcli.  1915). 

Genoericli,  1913,  ijis^ulve^  0,15  Gm.  of  neosatvarMin  in  300  c.c.  of  norm*!  s*li&e. 
He  withdraws  60  cc.  of  cercbro-spioal  fluid,  mixeit  this  with  60  c.c.  of  the  abo^T  solatioa. 
and  rcirjccts. 

Schubert,  1Q14,  withdraws  10  cc.  of  cercbro-spioal  fluid.  In  3  cc.  of  this  be  dis- 
solves 0.045  "j*"-  of  dry  iuK'BrMin.  A  resrn'oir  is  conncclctl  with  the  spinal  puncture 
and  lowered  so  as  to  till  »Hth  at  lea.^t  jo  c.c.  of  spinal  fluid.  Into  this  lie  drops  0.1  to 
0.3  c.c.  of  the  sab'arsan  solution,  and  then  raises  the  reservoir  so  as  to  make  the  fluid 
flow  ilowly  into  the  canal.     He  cautions  that  ever>'lhing  must  he  absolutely  dry. 

Dosage. — This  should  be  adjusted  to  the  strength  and  condition  of  the 
patient,  and  the  method  of  administration.  For  adults,  the  dose  of 
salvarsan  is  0.2  to  0.4  Gm.  Intravenously,  or  0.3  to  0.6  Gm.  intramuscularly. 
The  adull  dose  of  neosalvarsan  is  from  0.45  to  o.Q  Gm. 

Tlie  details  may  be  seen  from  the  following  table: 


Uooc  IK  gramK,  o( 

K.o«]v»«n      1      S^r^SSS^- 

Salvanao  uili»- 
tnnaenlailr  w 
liypogprnHcaUr 

Men.. 
Women . . . 
Weak  adutifi. 
Children  . 
Infants..   . 
Nurslings' 

Q.o  to  0.  75  to  0.9 
0.45  to  0.6  to  o.7j 

0.4 
0.3 

o- 1  to  0.3 
0.  t  to  0. 1 
0  oa  tn  0. 1 

o.oi  too.ors 

06 
0  45  to  0.5 
0  J    to  0  4 

0   2     Coo. J 
0  Of  to  0.1 

0.15  too. J 

PKtl'.VKATIONS — SALVABSANS 

*Saivarsan  ("606"]  is  marketed  !n  tubes  cimiaininR  0.6  Gm.  It  is  a  sulphur- 
colored,  crj'slaliinc,  hy({roscopic  powder,  dissob-inj;  readily  in  water.  The  souitioa 
has  an  acid  reactinn  (hydrolytic  dissociation).  It  is  nut  precipitated  by  acids.  The 
addition  of  sodium  hydroxid  at  dnt  precipitates  the  free  base.  The  precipitatkiit  is 
complete  when  2  molecules  of  XaOH  nave  been  added  (or  each  molecule  of  salvama. 
This  precipitate,  suspended  in  water,  ts  the  form  used  for  intramu^ular  injection. 
The  further  addition  »f  XaOH  agiiin  forms  a  soluble  sail,  the  Milution  Ijcing  complete 
when  J  further  molecules  of  XaOH  have  been  added.  This  is  ihc  form  used  for  i»- 
travcnou.4  injection.  (Qy  actual  measurement,  the  reaction  is  not  rumpleled  until 
S4[icr  cent,  more  than  the  theoretical  amount  of  alkali  has  tjecn  added;  Bonerand,  1015.) 
{.\rsrnphcnolamin  may  act  both  as  a  base,  through  its  amine,  or  as  an  acid,  through  its 
phenol,  radicals.)     Sodium  carbonate  docs  not  dissolve  the  precipitate. 

Salvarj-an  is  aUn  marketed  under  other  names  (Arsenobenzof,  etc.).  Wben  puie, 
these  have  the  same  eCiciency  and  toxicity  (Wile.  1916). 

*  Xnniiit^rsiin, — Marketed  in  tubes  nintaiiiing  the  ordinarj'  doses.  It  is  an  onaflt- 
yellow  powder  of  peculiar  odor,  dissolving  readily  and  .smonthlv  in  water,  with  neutral 
rractiim.  TTie  solutions  are  pririripi tilled  by  acids.  On  standinR  they  acquire  a  dark 
brown  color  and  precipitate, 

Preparatioa  of  Salvarsao  Solutioas  for  Intravenous  Injections.— ThcK  must  be 
pcrfectTy  dear,  aseptic,  and  pvpared  witb  0.9  per  cent.  l^aD  in  recently  dtstHM 
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water.  The  saline  may  be  warmed  to  body  temperature.  The  0.6  Gm.  tube  ol 
advarsan  requires  for  complete  dilution  li  tlrnps  of  15  per  ceni.  NaOH,  ur  mare  ac- 
curately, 4.3  c.c.  of  normal  NaUK.  Tbe  solution  may  be  made  by  thturatuig  the  &al- 
vanan  ta  a  murtar  with  the  soda  sulutiun,  and  then  addiDg  100  to  300  c.c.  of  ilic  saline 
solution;  or  it  may  be  marie  in  a  graduated  stoppered  cylinder,  first  shakinf-  the 
salvarsan  with  about  40  c.c.  of  saline  until  dissolved,  then  adding  the  soda,  and  finally 
uline  to  too  to  300  C.C.  Should  any  remain  undisrujlved,  a  few  dro(>s  more  of  rhe 
NaOH  may  be  added.  Any  exceM  of  slkati  can  be  neutralized  with  acetic  acid. 
If  the  solution  is  not  perfectly  clear,  it  must  be  filtered  through  a  sterile  filter.  The 
injection  is  made  from  a  burette  into  an  arm  vein.  Dreyius,  1915,  recommends 
sodium  salvar^an,  which  is  soluble  to  20  per  cent.,  as  more  convenient  than  the 
extern  poraneoui;  prepamtiun. 

Nentnl  Satvusan  Suspension  for  Intramuscular  Injection. — This  is  made  ascp- 
tically,  in  a  mortar,  by  triturating  0.6  Gm.  of  the  salvarsan  niih  10  drops  of  15  per 
cent.  NaOH,  or  with  3.1  cc.  of  normal  NaOH.  Water  is,  then  added,  with  constant 
stirring,  at  first  drop  by  drop,  to  a  total  of  5  or  10  cc  The  mixture  is  finally  made 
exactly  neutral  to  litmus  paper,  by  the  addition  of  further  NaOIl  or  acetic  acid.  The 
injections  are  made  with  a  tm'ck  platinum  needle,  usually  in  the  region  of  the  shoulder 
blades.     Suspen-sions  in  neutral  oil  have  also  been  used. 

Reosalvarsan  Solutions. — These  are  prepared  by  simple  solution  in  sterile,  recently 
distilled  water,  using  for  each  0.15  Gm.,  3  c.c.  of  water  for  intramut^ular,  or  25  c.c.  for 
intravenous  injection.  The  solution  must  not  be  warmed:  the  temperature  must  not 
exceed  sa^C.  or  73'*F.    Ravaut,  19131  urges  the  use  of  concentrated  solutions  (Merck's 

IS«port,  aj :  345>. 
i 
Selenium  and  Tellurium  resemble  arsenic  in  the  general  action  on  the  capillarieii  of 
Xhr  splanchnic  area.  They  aUu  atlcct  the  central  nervous  s>-stcm,  apparently  directly. 
Telluratcs  arrest  perspiration  (after  the  manner  of  atropin?),  and  have  been  recom- 
incrHled  for  this  purpose  (.Sodii  Telluras.  15  to  50  rag.,  '■4  to  ?i  gr.),  but  they  impart  a 
•ver>'  persistent  garlic  (»diir  to  the  breath,  tissues,  urine,  and  feces,  even  in  a  quantity  a? 
small  as  0.005  '^^tt-  This  may  last  for  several  montbs  after  the  ad  ministration  is  stopped. 
3t  is  caused  by  me'hyl-tellund.  Selenium  is  more  toxic  than  tellurium  (Woodniu  and 
<iies,  iQoj). 

Potassium  tellurite  may  be  used  as  an  indieator  pj  living  bacteria,  youls,  molds,  etc. 

en  incubated  fur  34  htmrs  nith  a  concentration  of  about  i  :  jo.ooo,  living  cultures  of 

tbe  more  common  microorganisms  reduce  the  tellurite,  as  indicated  by  the  appear- 

ice  of  a  black  precinilnte.    This  concentnillon  is  practically  harmless  when  injected 

vto  aoimaU  (W.  V..  King,  and  Davis,  IQ14). 

Tbe  effects  of  ticlenium  compounds  un  tumors  was  discussed  on  page  7J5. 

fehe  pharmacology  of  this  metal  has  been  studied  by  Jackson,  igu.     Acccrdtng 
txzato  (1903)  poisonous  doses  of  VCIj  or  VBn  cause  the  usual  anatomic  lesions 
;tals  in  the  kidneys,  liver,  intestine,  and  stomach.     No  lesions  are  found  in  tbe 
al  ner\'ous  system.     The  blood  pressure  is  rai:Kd,  and  the  excitability  of  the  vagus 

b  depressed.     Death  occurs  through  rcspinitory-  paralysis. 

Circulatocj  Effects. — Jackson  found,  with  intravenous  sodium  orthovanadate,  that 
the  rise  of  blood  pressure  la  due  to  systemic  vasoconstriction,  by  direct  action  on  the 
arterial  muscle  or  vasomotor  endings.  Tbe  heart  is  not  strengthened.  The  pressure 
in  the  pulmonary  artery  also  rises  by  the  systemic  and  pulmonary  vasoconstriction. 
I*erfuscd  lung  \'esscU  are  strongly  constricted  (Baehr  and  lick,  1913).  BrotKkiat 
mutde  also  shows  moderate  but   prulooged  constriction    (confirmed  by  Baehr  and 

Chrome  Vanadium  Poisoning — This  occurs  especially  througli  its  industrial  use 
as  a  mordant,  and  by  the  wearing  of  dyed  fabrics.  The  symptoms  and  ]cMon.>v  are  those 
common  to  other  chronic  mctatllc  intoxications.  The  lungs,  kidneys  and  digestive 
canal  are  cspedaliy  affected  (Dutt<m,  191 1). 
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MA^aTAL  OF  PHARMACOLOOY 


Thentpeatic  Use— The  pharmacologic  actions  do  not  point  to  any  definite  therapeu- 
tic UMrfuIncss.  Vanadium  liai  been  recommended  a&  an  alterative,  similar  lo  arsenic,  ia 
tuberculosis,  diabetes,  etc.,  but  the  evidence  is  not  convincing. 

PKKPARATION 

Sedii  Maa-mnadas. — White,  almost  tasteless  powder,  sol.  in  water.  Dott,  i  to 
8  mg.  O'^o  to  !-^  gr.).  According  to  Jardin  (1405)  tt  lessens  assimilation  and  iacreatcs 
protein  desiructioii. 


ANTIMONY 

Actions.— The  actions  of  antimony  resemble  those  of  arsenic.  The 
difference  lies  in  a  greater  local  Irritation  and  a  much  lesser  absorption. 
Consequently,  when  ^iven  by  the  mouth,  doses  can  be  chosen  whose  only 
action  is  that  of  producing  nausea,  or  if  somewhat  larger,  vomiting. 

Toxicology.— If  injected  into  the  circulation,  or  if  given  in  overdoses,  it 
produces  precisely  the  same  effects  as  arsenic,  but  vonuting  is  always  a 
prominent  phcuometion,  the  poison  being  rapidly  excreted  into  the  ali- 
mentary canal.  Small  doses  long  continued  lead  lo  a  train  of  symptoms  of 
subacute  poisoninfi,  entirely  analogous  to  those  produced  by  arsenic  in  the 
same  manner  (Gaehtgens,  1876;  Soloweitschyk,  1880),  also  including  the 
metabolic  changes.  Antimony  has  not  been  recorded  as  giving  rise  to 
industrial  poisoning,  except  through  contamination  with  arsenic.  How- 
ever, the  pentasulphids  that  are  used  in  the  rubber  industries  arc  fairly 
soluble  in  human  gastric  juice  (Carlson,  igij).  Antimony  is  sometimes 
used  in  the  glaze  of  cheap  granite  ware.  This  should  be  prohibited  by  law 
(as  it  is  in  some  European  countries),  since  some  samples  jield  from  3  lo 
14  mg.  of  dissolved  antimony  in  a  single  cooking  test  (t.  W.  Miller,  1916). 

In  distinction  to  arsenic,  selenium  and  tellurium,  antimony  is  not 
converted  into  volatile  compounds  by  molds  (V.  Knaffl-Lenz,  1913). 

Treatment  of  Antimony  Poisoning. — The  chemic  antidotes  are  eggs, 
milk  and  tannin  (tea,  etc.),  or  in  its  aljsence  magnesia. 

Potassium  hcxatantAlate  precipitates  antimimy  compounds,  even  in  tlie  tiamet: 
but  it  could  be  utilized  only  orally,  since  its  hypodermic  injection  a  too  toxic  (Roseotlial 
and  Severin,  igii). 

Kabituation.-=^ne  difference  from  arsenic  is  that  the  continued  administration  cl 
antimim>  tii  mammals  does  not  le.id  to  ti>ler.ince;  nor  does  arsenic  hubituatiaa  confer 
tolerance  to  antimony.  This  dilTerence  is  explained  by  the  ob^rvation  that  the 
abMirptiun  of  nntimony  isnot  diminished  (Cloetta,  igii);  on  the  contrary,  it  is  rather 
increased  (Brunner,  191a;  he  claims  some  tolerance  for  i-valcnt,  but  nni  for  5-vaIcnll. 
ProtoiKia  zho  do  not  become  immune  us  readily  as  vrith  artcnk  (Rowntree  ud  .\bel. 
igia).  Antimony  immunity  can  Ite  induced  in  infusoria  and  does  not  eiteod  to  arscaic 
^Xeuhaus.  1910).  Bacteria  immunized  to  arsenic  arc  also  resistant  to  aotinioay 
(Marks,  tgio). 

Local  Action. — Applied  ia  tkr  skin,  the  chlorid  it.  a  strong  caustic.  The  double  tar- 
trate of  antimony  and  potash  (tartar  emetic)  when  applied  over  long  pcrioda,  producti 
a  pustular  L-nipliun.  This  ia  due  to  the  decomposition  of  the  double  salt,  which  is  tut 
slishtlv  irrilanl,  by  the  acid,  secretion  of  the  follicles  into  more  irritant  antimockous 
oxit],  ^bjOj.  .'tmj  utWr  cumpounrls.  Such  salves  were  formerly  used  for  countcrirrila' 
tion,  but  havt  hctia  abinJuiitd  as  too  destructive  and  toxic. 

Difierences  in  Antimony  Compounds. — As  with  anicnic,  the  3-valent  is  more  toxic 
(to  ten  times)  than  the  5-vaEcnt.  The  ornnlc  derivatives  show  similar  relations,  the 
side-chains  being  relatively  unimportant  (Bruaacr,  1912}.  Cloetta  found  the  pytOfti- 
biatc  much  lcs«  toxic  than  tartar  emetic- 
Mechanism  of  Emetic  EfiFect.  This  is  pto<luccd  by  local  acttoo;  for  while  it  oocun 
both  by  K^trir  and  venous  administration,  the  latter  requires  much  larger  doses.  \-OQiit' 
ing  occurs  much  more  slowly,  and  unly  after  the  antimony  baa  been  excreted  Into  the 


tntANIITII 


757 


Uomich,  ai  shown  by  its  presence  in  Ihc  vomilus  (KJcirannn  and  Simonowitsch,  iH";!). 
Tite  nauseoDt  action,  ann  the  increase  af  the  sa]ivar)'  and  bronchial  secretion,  art  also 
reflex  (V.  E.  IlenderMii  and  Taylor,  1910).  Like  other  irnUnts,  antimony  b  said  In 
increase  uric  acid  cxcrcticn  (Abl,  1915). 

ft  Therapeutic  Use  as  Nauseant  and  Emetic. — "Tartar  Emetic,"  the 
tartrate  of  antimony  and  potassium,  is  ihe  compound  usually  employed 
internally.  As  an  emetic  it  has  fallen  out  of  favor,  its  action  being  loo 
slow  and  loo  depressing.  As  a  nauseant  it  has  advantages  over  all  other 
mctaJs,  since  tliedoserequiredfor  this  is  only  about  one-tenth  of  that  which 
produces  vomiting.  Its  continued  use,  however,  i.s  dangerous.  It  is 
employed  mainly  as  a  depressant  expectorant  in  the  first  stages  of  acute 
bronchitis;  often  in  the  form  of  Wine  of  ,\nlimony,  i  c.c.  =  4  mg.,  J^g  gr.; 
or  smaller  doses  fi  mg.)  may  be  repeated  every  hour  with  precaution 
against  excesMve  depression.  It  also  enters  into  a  number  of  compound 
expectorants,  such  as  Mistura  Glycyrrhizic  Co.  (8  c.c.  =  2  mg.  of  tartar 
emetic  and  i  c.c.  of  paregoric):  and  Compound  Syrup  of  Squill  (2  c.c.  = 

l|  mg.  o(  tartar  emetic). 

Aotimony  has  an  interesting  history.  Paracelsus  in  the  sixteenth  century  praised  It 
as  a  panacea,  iiud  it  w,as  u^t-d  aKainst  Ihc  plague,  etc.,  perhaps  a  forecast  of  its  must 
recent  uses.     However.  num'cn)us  dea.ths  caused  its  furmal  proscription. 

T^^rpUlOCidal  Action. — Antim'iny  .nnd  bi^mittli,  us  wdl  as  arsenic,  archiKlhly  toxic  to 
tr>'panaaomc<>,  alihou;;h  not  to  all  protozoa.  At  the  suQ^cslioa  of  Cushny,  various 
investigators  (Plimmcr  and  l'hom»an,  1907,  Mcsnil  and  Britnont,  1908,  Thum^a  and 
Cushny,  iQio,  Camac,  iqii,  and  nthcrft)  have  succeiudully  used  injccUona  of  aatimony- 
sodium  tartrate  in  experimental  and  human  lyrpanoaomc  infections.  The  intravenous 
dose  for  man  15  10  mg,,  in  tudine.  Rtiwnlree  .and  Al»el,  itjio.  advocate  certain  orjg&nic 
compounds,  such  as  sodium-antimony  tliiojtiycollate.  They  have  Ihe  advantages  over 
the  orptanic  arseniculs  in  that  the  p;irusitcs  do  nut  become  immune  as  rt-a»Ii1y.  Tliey  are 
also  cheaper.  The  Irj-panocida!  uclivitv  of  tartar  emetic  is  Rrenter  in  the  presence  of 
scrum;  this  does  not  hold  for  arsenicaU  (Shilling  and  (ioretli,  1014). 

(Jcnuna,  1916,  stales  that  tartar  emetic  h  specitJc  in  the  I^i^hmaniosis  of  children, 
* Amiimomi  et  Pottusii  Tarlras  (Antim.  et  Pot.  Tart.),  U.S.P.;  AniimMiium  Tar- 
raium  (iVnlini.  Tart.).  B.I'.;  TarUrated  Antimony  (Tiirtar  Emetic).  2K(SbO)C*H<0. 
+  H lO.^-CoIorless,  Iranspart^nt  crystufs  or  while  (granular  powder.  Sweet,  then  tnelal- 
lic  taste.  Efflorescent.  Slightly  acid  to  litmus.  Incompatihlt  with  alkalies  and 
tanmoa.  Sol.  in  water  (1:12)  or  glyc.  (1:15).  Insol.  in  ale.  Poi^.  expectorant, 
WK-  Hafff-.  U.S.P.;  3.5  toSmg.,  H4  to  J^gr.,  B.P.;  emetic,  3oto6omg.,  H  to  1  gr., 
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u. 


■  *V<iiuiK  Anlimottiale  (Vin.  Antim.},  B.P. — Contains  0.4  per  cent,  of  Tartaratcd 
Kstimony.  Dmc,  expectorant,  0.6  ta  1.8  c.c,  10  to  jo  miDims;  emetic,  8  to  16  c.c, 
■to  4  drams,  B.P. 

Aniim.  0x44.,  B.P.,  .-Vntimoniouii  Oxid..  St>iOi. — ('(ra>iih  powder,  insol.  in  water. 
Dase,  o.oti  lo  o.ii  Gm.,  1  In  j  i^r.,  B.P. 

/*tiiv,  Antim..  B.P. — .\niimoniouf«  oxid,  t  part;  calcium  phosphate,  3  pans.     Dost, 

to  0.4  Gm.,  ,1  to  6  gr.,  B.P. 

Antim.  StilphHr.,  B.P.;  Sulphurated  Antimony. — A  mixture  of  antimony  ^ulphids 

'  oxids  and  sulphur.     Orange-red  powder.     DoiCt  0.0b  to  o.t3  Gm.,  1  to  a  frr.,  B.P. 


URANIUM 

The  salts  are  very  corrosive,  consequently  readily  absorbed,  and  highly 
ic.    Their  systemic  actions  are  similar  to  those  of  other  metals,  wilh  a 
!cial  paralytic  eflfect  on  respiration;  this  resembles  cyanid  poisoning 
superficially.    They  produce  a  characteristic  nephritis;  glycosuria;  and 
unique  edema. 
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MANDAL  OF  PHARUACOLOGY 


Systerak  Actions. — These  have  been  studied  especially  b^  WoraschiUky,  i6qo,  tni 
D.  E.  Jackson,  1910.  In  acute  potsooing,  the  rth^pirutiou  u  peculiu'ly  ftUectc^J,  6nt 
increasetl,  then  puralyzed.  Thb  rcaullb  in  the  usual  osphyxial  phcnomciu,  sliinulatioo 
of  the  v.womntor  center  and  ri^c  of  lilood  prrssiire.  The  r«piratory  |>aral>sis  is  the 
cause  of  death.    The  blood  is  rendered  non-coa^ulable  by  an  uiiknonn  mechanUiiL 

Sublethal  doses  ure  followed  inu  fe\vday»  by  albuminuria  and  glycosuria  *,  parenchv- 
matous  dejcene  rat  ions,  gostro-intestinal  disturbances;  paralytic  symploms;  and  changes 
in  the  blood  vessels. 

Anatomic  Changes  in  Uranhnn  Nephritis. — These  affect  Imth  the  tubular  epilbclimia 
and  the  glomeruli,  one  or  the  other  prcdominalinK  accordtnR  to  conditions  'flccki^dera 
IQ07;  Heineke  iinil  Myenitcin,  1907;  Dickson,  1909).  The  vitscuLir  mechattLsm  is 
involved  first,  but  the  tubular  changes  protrrcss  lon^r  and  finally  predominate  ■  Mac- 
Nider,  igu).  The  anatomic  and  functional  chansies  are  more  severe  10  old  aoimaU* 
and  arc  increased  by  anesthetics,  especially  chloroform  iMacVider,  11)13,  1014).  Dog» 
ure  more  resistant  than  rabbits  (O'Harc,  1913).  The  epithelium  sbon-s  fatly  changes^ 
the  glomeruli  are  CQnf;ested.  Christian,  tgti,  describes  characteristic  hyaline  dropleu. 
in  the  vessel-walls  of  the  glomerular  tufts.  These  do  not  occur  in  other  vessels  of  the 
ktdne>-s  or  In  other  organs. 

Repeated  injections  of  small  doses  produceachronic  interstitial  nephritte  with  6brauft. 
changes.  (These  are  not  as  severe  as  with  chroraatts;  arsenic  did  not  produce  inter- 
Stitial  changes;  R.  M.  Smith,  1911.)  The  histolof^ic  lesions  arc  similar  to  huma& 
chronic  diffuse  nephritU,  but  not  quite  identical.  They  arc  not  associated  with  aneriaL 
lesions  I  Ditkson.  igi:). 

Urine  Changes. — In  the  early  (vascular)  stages,  the  quantity  and  specific  gravity 
of  the  urine  are  incressed.     Albumen,  glucose,  and  acetone  substances  appear,  especially 
in  older  dogs  (MacNider,  1914).     A  Kirlher  increase  of  urine  flow  may  be  secured  h>- 
caffein  or  salines,  although  the  response  is  slower  than  normal  (Thfohari  and  Ciora., 
iQio;  Boycott  and  Ryffel,  1913;  Mirsrnthal  and  Schla>'cr,  1913).     With  the  appearance^ 

of  the  epithelial  chaoijca.  the  urine  decreases,  the  tubules  being  obstructed  by  the  swriV 

ing  and  desqturoation  of  the  cells.     This  is  not  relieved  by  diuretics,  although  the  vi 
cular  response  to  the  diuretics  may  be  preserved  (MacNider,  1^12,  1914.  1915). 
excretion  of  chlorids  and  urates  is  diminished  in  acute,  somewhat  increased  io  thesut 
acute  nephriti'S;  i.f...  it  varie*  in  the  same  dirwiion  as  the  urine  flow. 

Pohl  described  a  subacute  nephritis  in  rabbits,  with  polyuria  until  death,  and  wit 
increaserl  excretion  of  nitroKen  .nnd  diminished  chlorid  output.  Dunner.  1913.  iau 
this  inconstant.  The  intravenous  injection  of  calcium  or  of  hypotonic  NaQ  coilvcrt< 
this  subacute  nephritis  tutu  an  acute  form.    Iw>tuuii:  ^aline  had  no  effect. 

The  csrretion  of  endogenous  crctinin  is  diminished  in  both  stage*;;  but   in'  ■ 
creatinin  is  completely  excreted  In  the  subacute,  rcuincd  in  the  acute  (Krau5,  ' 
The  phfHolpiUhiileiH  trxcretlun  also  varies  in  the  same  dirertion  a^  the  urine  flow  \tj>rTi 
brey,  191^).     It  bears  no  definite  relation  to  the  histologic  lesions  (Smith.  1911). 
nonprotein  nilnt^at  rctenlUrH  in  the  blood  Koes  narallel  to  Ihe  phthulein  retcntioa:  boti 
increase  and  recover  together,  except  that  tnc  phthalein  respond*!  more  prompll)^ 
(Frothingham,  Fitx,  Folm  and  Denis,  iQij;  Karshner  and  Denis,  ioi4>.     Howe»^r 
Mosenthal,  1014,  points  out  that  the  increase  of  non-protein  niirof;en  in  the  binud  h  tto 
necessarily  proof  of  retention,  but  could  be  explained  by  increased  protein  desliuclic 
or  by  inspi-ssation  of  the  blood  through  i>iil>'uria. 

MacNidirr,  1916,  hnds  the  toxicity  of  uranium  associated  with  acidws.  todw^a^ 
carbonate  haiin;;;  a  distiuct  saving  effect.     It  also  protects  the  uranium  kiilaeysi 
anesthetic,  so  th.-it  these  produce  much  less  eptthelial  degeneration. 

Urantum  Glycosuria. — This  devrlom  on  the  fir^t  or  second  day.     The  ai-ti.Tn 
slsts  partly  in  increased  permeability  of  the  kidneys  for  sugar,  for  it  may  ck 
hyperglycemia  (Kranck,  ipijl.iuid  may  e\-en  relieve  hyperglycemiii  whet 
to  decreased  permeability  of  the  kidney  cells  (rollak,  1911).     The  sugar  does  nut 
any  detinitc  relation  to  the  other  urinar)'  constituents,  except  albumin,  whidi 
fairiy  paniUcl  (Wallace  and  Myers,  1914).     However,  uranium  may  Itself  catue  fay^ 
glyceraia,  even  when  the  kidneys  arc  excised,  so  that  part  of  its  action  must  be  nctn. 
renal  (Flccksedcr.  1906). 

Nephritic  Glycosuria. — Gl>TosuriA  without  hyperglycemia  occurs  with  m«o.tc 
nephritic  poisons.  XMth  cantharidcs,  it  is  attributed  to  increased  pcnneftbility  at  xh^ 
vessels;  with  uranium,  chromium,  tellurium,  mercury  and  alolo,  to  lesknisqf  tlie  tubulac^ 
epithelium  il.uxzato,  1914).  _ 

Uranimn  Hydrops. — The  hypodermic  administration  of  uianium  sails  ptttdun^^^^ 
general  anasarca  and  ascites  lI.,econte,  (S54;  Kichter.  1904),  a  highly  albuminous  Suic^^ 
transudinit  mainly  into  (he  serous  cavities,  but  also  into  the  other  tissues,  and  exii 
even  to  the  fclu:>  m  titrro  iBiberseil,  1903J, 


BISMUTH 


759 


1^. 


It  seemed  natural  to  explain  thu  by  nephritis  and  anuria,  but  this  e:cpl!mation  does 
not  correspoml  (o  the  fads.  Nephrectomy  iilont:  di»cs  Qot  produce  hydrojis,  &o  that  the 
anuria  docs  not  furniish  the  expianation.  On  the  other  hand,  the  uranJum-hydrnps 
occurs  in  ncphrcctomizcd  uninials,  so  tbat  the  kidneys  are  col  concerned  in  its  produc- 
ion  (Fleckseder};  nor  do  the  histologic  kidney  Icsinnti  bear  any  rcLition  to  the  edema 
R.  M.  Smith,  rgii).  The  fundamental  change  consists  presumably  in  an  altered  per- 
meability  of  the  capillary  walls  (kichter,  1004).  The  injection  of  the  blooii  of  uranium 
animals  into  chromate  animals  also  produces  edema  (Ileinecke,  iqos;  Blanck,  igo6). 
Edema,  however,  occurs  only  in  aiiimuls  which  arc  freely  supplied  with  water — other- 
Hfi*e  the  uranium  causes  anuria  without  hydrops  (Flcclcscder).  Retcniitm  of  wilts  i« 
nut  connected  irjth  its  production  (Kichter,  1905).  In  acute  uranium  poisoning,  the 
lymph  flow  is  not  increased  (Jackson,  iqio). 

Uranium  poisoning  interferes  with  the  restoration  of  the  blood-volume  alter  saline 
Infusion  (Bof^ert,  Underbill  and  Mendel.  1916I. 

Therapeutic  Uses. — The  soluble  uranium  nitrate,  has  been  used  in  diabetes  mellitu» 
and  in  phthisis  in  doses  of  7$  m?- d  Rr.);  Largely  diluted.  The  results  are  too  indc&nitc 
to  justify  the  further  employment  of  so  dangerous  an  agent. 


p  PKIiPARATION — URANIUM 

UraHii  Mtras  tUran.  Xil.;,  L'.S.P.,  U0i<X0i).  +  CiH^.— Light  ycUow  prisms; 
bitter,  utrini^cnt  taste.    Freely  sol.  in  water  11:1.2)  or  in  ale.    Dose,  o.oi  Cm.,  H 
•ft.,  U.S. P.;  diluted.     Use  with  caution. 


BISMUTH 

The  insoluble  basic  bistnuih  sails  are  used  on  inflamed  surfaces.  They 
:t  largely  mechanically,  as  protective  and  drying  dusting  powders.  The 
^use  of  soluble  bismuth  preparations  is  therefore  irrational.  The  insoluble 
bismuth  compounds  are  also  employed  in  X-ray  diagnosis.  Even  large 
doses  are  ortfinarily  harmless,  but  may  become  poisonous  under  special 
conditions.  The  medicinal  use  of  bismuth  is  said  to  date  from  Dr.  Odier 
of  Geneva.  1785. 

Local  Actions  of  Insoluble  Basic  (oxy)  Bismuth  Salts. — These  form 
fine  adhesive  powders.  The  subcarbonace,  subsalicylate  and  magma 
are  insoluble  in  water.  The  subnitraie  and  subgallate  are  somewhat 
hydrolyzed  and  therefore  very  slightly  soluble  (Bonifek,  1910;  Stingel, 
191 1).    Their  solubilitj-  in  the  body-fluids  is  only  very  slight. 

They  have  a  marked  healing  effect  when  dusted  on  wounds  and  on 

inflamed  mucous  surface^^.     Applied  to  wounds,  they  dry  the  secretions 

and  form  a  protective  covering,  so  that  the  wound  heals  as  under  an 

aseptic  scab.     This  action  is  partly  mechanical,  due  to  the  stoppage  of 

the  lymph  and  blood  capillaries  by  the  flne  particles  of  the  powder  (H. 

,  H.  Meyer,  1385).     Other  itulin'erent  substances  in  an  equally  fine  state  of 

subdivision  have  a  similar  action.     However,  a  small  amount  of  bismuth 

undoubtedly  goes  into  solution,  an<l  aids  by  exerting  an  astringent  and 

Tnild   antiaeplic  action;  indeed,  the  basic  bismuth  xdls>  are  among  the 

most  efi'ective  of  the  non-irrilant  intestinal  antiseptics  (Sollmann,  1908). 

In  the  alimentary  canal,  the  bai^ic  bismuth  salts  act  not  only  in  the  manner 

inilicated,  but   also  by  precipitating    hydrogen  sulphid    (.Stingel,   igii). 

bismuth  stools  are  therefore  black.    The  subcarboiiale  (not  the  subnitrate) 

Ks  a  slowly  acting  antacid  fJ.A.M..\.,  60:1175). 

'      Therapeutic  Use  in  Digestive  Disorders.~The  combination  of  these 
actions  render  the  subnilrate  or  subcarbonale  (0.5  to  2  Gin-r  8  to  30  gr., 

rSea(X-r< 


every  two  to  four  hours)  very  useful  for  allaying  dhrrnea  (X-ray  obscrva- 
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tions.  Hesse,  1913)  and  gastritis,  and  sometimes  against  vomiting.  They 
may  be  combined  with  other  intestinal  antiseptics,  such  as  salol.  The 
bismuth  powders  are  similarly  useful  in  gastric  ulcers  (i  to  2  Gm.  suspended 
in  fluid,  before  each  meal).  They  lessen  gastric  secretion  and  acidity 
(Bastcdo).  In  normal  individuals,  bismuth  Is  not  constipating,  even 
with  the  large  doses  used  in  X-ray  work  (Cannon,  r9ti).  This  indicates 
that  the  effects  are  on  the  inflammation,  and  not  on  the  peristalsis. 

Hulse,  iQio,  daimctl  that  "bLsmutti-mitk"  (a  sus|>ension  of  the  hydroxid)  don  not 
check  diarrhea,  the  stuols  rcmuintni;  liftht-rolortd.  Uovrcver,  i^lingcl  found  that  thne 
prepnrutlon'^  at»)  himi  stilphids. 

I.ikr  iither  intrstin:i1  &edutivr>,  liisniulh  »ubnilrutr  is  said  to  dimtnUh  urit  ofid 
excrciifin  \.\b!,  IQ13). 

Use  in  X-ray  DiOEnosis. — The  opacity  of  the  bismuth  salts  lo  X-rays  iziakct  them 
very  .suitable  for  outlminf;  the  shape  and  movements  of  the  alimcnl3r>*cajud.     Aboafa 
jEoGm.  (3  ounces)  of  tlicsubcarljonalc  (not  the  subnitratc)  arc  lulminl'itercd,  suspended^ 
m  buttermilk,  thick  snup,  elf.     Best  an(5  Cohnheim,  1911,  Iwlieve  that  the  bumulh 
meal  delav-s  ihe  emptying  of  the  stomach  by  an  hour.     "Hie  use  of  other  substances  for 
radiogniphic  purposes  is  diwussfd  in  Merck's  Rqwrt,  37:43,  1914, 

Other  Uses.—  Bismuth  is  used  as  dusting  powder  or  ointment  (30, 
per  cent.)  on  uicers  and  other  open  surfaces  and  mucous  membri 
Suspensions  containing  10  per  cent,  of  bismuth  subnltrate  may  be  ii>-^ 
jected  in  urethritis.     Bismuth  poisoning  may  arise  if  it  is  applied  loo 
extensively,  or  if  it  is  confined,  as  in  the  injection  of  bismuth  paste  into 
sinuses. 

Bismuth  Paste. —  K.  Beck  introduced  a  paste  of  1  put  of  bi»niuth  ^abnitrate  and 
fK\jtf.  of  petrolatum,  in  rhronic  <tuppurative  absceMcs  and  finuses,  often  »ith  cuiati\i 
results.    The  injections  arc  made  at  first  every  three  or  four  da)*?,  then  not  oflcner  tl 
once  a  week.    Acute  ahscrs^H  do  not  respond.    Stomatitis  has  followed  its  use 
three  weeks;  on  its  of  ciirrence  the  rcmaininR  pastt  should  be  washed  away  with  warm  oaL 
Jensen.  1913,  also  rcpnrts  nilrite  poisoning  from  Astulc  infected  with  b,  coU. 

The  lechnic  and  prccauttoos  for  the  use  of  bismuth  paste  an  described  by  E,  C 
Beck.  1516. 

DifferencesBetweenBismuthSftlts.— Tbcsubnitrateandsubcarbonate, 
the  oldest  of  the  insoluble  bismuth  compounds,  answer  every  purpose. 

Various  organk  njltt  have  been  iotrodiiced  a.s  substitutes,  such  as  the  subgalLaU 
(Dermatol),  especially  for  dusting  powders;  but  it  is  difficult  to  see  bow  they  can 
superior  to  the  much  more  economical  older  nrodiirts.     In  other  subsiiiute^,  antia 
aromatic  radicals  have  been  introduced^  but  the  same  or  better  rcfaltg  can  be  sccun 
mixini;    Ihe  ordinary  bismuth  satis  with  other  insoluble  unliseptio,  «uch  u  uiol 
Ijetanapfithol;  in  fact,  however,  the  bismuth  alone  is  sufficiently  antweptic  for  att' 
purposes  for  which  tt  is  u-scd. 

Therf  is  link' (lilT(Ti-nrel>el  ween  the  aclionsof  the  i«(AMrAflMdiicaiirfii(*lii(r«i^,'  but  OB 
the  whole,  ihe  subcarbonate  dcKr\-c»  the  [)rctcrencc.  since  it  can  not  give  rise  to  nitrites. 
The  suhnitrate  has  al>o  been  »iid  to  be  irritant,  since  it  coasi&i^  of  sharp-patated 
microscopic  crystals,  whereas  the  8ut>carhonate  b  amorphous.  This  supposed  urHaBt 
action  is  wholly  imazinary,  as  can  Iic^hown  by  during  tbesubnitrale  on  ttteconjuitctira. 

The  use  of  soluble  bismuth  sails  h  irrational,  since  they  tack  the  wtothlnit;  otuJiti 
which  cnnslitute  the  m.iin  value  of  the  insoluble  products.    On  the  contrary,  ibey 
markedly  irritant.     Their  introduction  is  due  mainly  to  the  extrav&gaat  dcsirv 
"elegant  pharmacy"  which  was  responsible  for  the  oil-free  cod-liver  oil  prepuatioaa. 

Absorption  and  Excretloa. — A  small  amount  of  the  basic  bismuth 
salts  is  dissolved  by  the  acid  K^stric  juice,  is  ab5orl)ed,  and  excreted  by  the 
urine  (Uomer  and  Weingaertner,  1909),  mouth  and  large  intestines.  The 
quantity  is  not  suflicient  to  produce  any  systemic  effects.  The  corT05i\-e 
soluble  salts  are  absorbed  more  extensively,  and  even  the  insoluble  saltftj 
may  be  absorbed  sufficiently  from  extensive  burns  to  produce  poiaoniQg 
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(T.  Kocher,  1882).  In  human  poisoning  the  bismuth  was  found  mainly 
in  the  stomach  and  kidneys,  and  a  little  in  the  liver  (Barthe,  1913). 

Poisonous  Effects  of  Bismuth  Compounds.^Evcn  very  larf;c  doses  of 
insoluble  bismuth  salts  do  not  ordinarily  produce  any  harmful  effects 
when  taken  by  mouth.  Under  other  conditions,  loxic  symptoms  may 
arise. 

The  phenomena  may  take  several  forms:  nitrite  effects  from  the 
reduction  of  bismuth  subnitrale;  capillary  thrombosis  from  precipitation 
of  bismuth  sulphid  in  the  intestinal  vessels;  chronic. bismuth  poisoning; 
and  the  acute  cfTects  of  soluble  corrosive  bismuth  salts. 

Cabot,  1912,  has  collecicd  thirtv-thrve  human  casca,  of  which  thirty-oae  vrcrc  trocn 
injections  into  sinuses  or  wuund  ilruAings  in  extensive  burns.  He  ulso  reviews  the 
experhneotal  work. 

The  literature  of  bismuth  poisoning  is  also  reviewed  by  W.  H.  Kiggins, 
IQ16. 

Nitrite  Poisoning.— The  use  of  the  relatively  enormous  doMSof  bismuth  subnitrate 
for  radiodiagnoAtic  purposes  has  caused  several  in  toxica  ttons,  with  mebemogbbtncmia, 
intense  cyanosis,  diarrhea.  d>'spnca  and  deiilh  by  a.rTcst  of  respiration.  Tibcsc  effects 
.ire  not  due  to  the  hismuth,  hut  to  the  produciion  of  nitrite  tiy  the  reducing  action  of 
putrefactive  fecal  bacteria,  especialtv  in  the  large  intestines  and  rectum  (Bcnneke  ukI 
HofIm.-in.  loCi;  noehme.  IQ07;  E.  G.  Beck,  ioo9;'ZolUnger,  Ipia;  Zadek,  1914). 

Precipitfttioa  of  Bjsmu^  Sulphid. —  Itlsmuth  forms  a  black  and  ver>-  insoluble 
sulphid.  Since  TI-jS  h  always  present  in  the  larRC  intestine,  the  feces  are  alwavs  colored 
black.  When  the  bismuth  \a  in  the  blood,  the  precipitation  may  occur  in  t)ic  vesseU 
of  the  larRc  intestine,  and  lead  to  capi]l3r>'  embolism,  and  this  to  ulceration,  with  the 
clinical  sympimns  <i  vomiting,  diarrhea,  cramp'*,  colic,  xuvS  cnlilis^the  latter  very  rarely 
05  severe  as  with  mercury.  The  autopsy  in  bismuth  ptii^ning  shows  the  staining  of  the 
cecum,  adjiiininj;  colun  and  appendix;  less  tn  the  descending  colon;  and  none  in  the 
small  interlines  (Cabot,  igw)- 

Bbmuth  sulphid  is  also  precipitated  in  the  mouth,  and  forms  a  "Uad-line"  at  the 
junction  of  the  gums  and  teeth;  then  patchy  diwroloration  of  the  adjacent  mucosa 
and  tooffue.  and  general  stomatitis.  These  arc  prominent  symptoms  in  chronic  bismuth 
poisoning  {W^rlielil,  1Q12). 

Direct  Systemic  Actions. — These  can  be  elicited  by  intravenous  injection  of  the 
non-precipit.^nt  salts.  They  may  al*o  occur  from  rdativdv  small  doses  of  the  soluble 
bismuth  salts  when  taken  by  mouth,  since  the;<.e  are  strongly  corrosive. 

If  <i  soluble  bhmulh  jtitt  is  injected  directly  into  the  blood,  it  pr<«iuccs  the  arsenic 
phenomena  on  bIcMMt  ves.«U.  There  is  pcrhtips  also  a  direct  involvement  of  the  central 
ner\'ous  eystcm  and  depression  of  the  vasomotor  center.  The  heart  muscle  is  also 
depressed.  The  blood  pressure  sinks  therefore  very  ra|HdIy  [Meyer  and  Sletnfeldi 
1885K 

Clinical  Bismuth  Poisooing.— This  is  characterized  by  fever,  head- 
ache, stomatitis,  lead-line,  gastro-intestinal  irritation,  colic,  and  albu- 
minuria. It  differs  from  lead  poisoning  by  the  absence  of  paralytic, 
circulatory,  blood  and  respiraton'  changes.  Fatal  cases  may  show 
convulsions  and  lock-jaw  (Zollinger,  1912). 

If  bismuth  symptoms  develop  with  Beck's  paste,  this  should  be  removed  with  warm 
olive  oil.  cuTvttins  i'  necessary.  Oxygen  and  satin:  may  be  admini.'itercd  for  methemo- 
globinemia (Zollinger,  1013). 

PREPARATIONS — BISMUTH 

Bismttihi  Bflanap/ilMas  (Bism.  Betanaph.),  U.S.P.  (Orphol). — A  compound  of 
bismuth  and  betanophthol  of  sumewhal  varyinK  composition,  yielding  not  less  than 
73  per  cent,  of  BiiO|.  Decomposed  into  its  con^ilituents  in  the  intestine.  A  buff- 
colored  to  grayish-brown,  amorphous  powder;  odorless,  taslelcs4,  nearly  laaol.  in  water 
and  ale    Aw«,  0.5  Gm.,  8  gr.,  U.S.P. 
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fiism.  et  AmmoM.  Cii.,  U.S.P. — Of  siimewhnt  varying  chemical  corapcKitioo; 
not  less  than  46  per  cent,  of  BiiU).  Very  *o\.  in  waUr  and  sparingly  sol.  ia  ale. 
for  making  bismuth  solutionis  and  elixirs.     Daie,  0.125  Gm.,  2  gr.,  U.S.P. 

Liq.  Bum,  et  Ammon.  Cit.,  B.P.     Dose,  3  to  4  c.c.,}i  to  i  dram,  B.P. 

Jtfugwa  Bhmutki  {Magma  Bism.),  U.S.P.  (Milk  of  Bisraulh).— A  (hick,  white, 
opaque  liquid,  containing  bismuth  hydroxid  and  bismuth  subcarlMnatc  in  su^perbjon 
ia  WAtcr.  Prepared  by  precipitating  a  solution  of  BinRiulh  nitrate  with  .^mmuiua; 
corivspontling  to  abuut  6  (>cr  cent,  of  Bi;Oi.     Dew,  4  cr.  Ti  dram).  r.S.P. 

'Bismaiki  Subcarbctios  {b'lsm.  Subcarb.).  U.S.P.;  Bhm.  Carb.,  B.P.  {Btstnuth  Oiy. 
carbonate). — Of  varying  chemicjtl  compivsition;  yields  not  less  than  90  per  ccni  of 
BijOi.  White  powder:  odorless  and  tastele&s.  Insol.  in  water  or  ate.  IiuamfijiU^ 
with  acids,  sulnnur,  siiCphids.  and  imlid:^.  Dose,  0.5  Gm.,  R  gr.,  U.S.P.;  0.3  to  1.2  GiUh 
5  to  JO  gr.,  H.P.,  ir  powders  or  suspension. 

Trocii.  Bism.  Co.,  B.l'.^Each  contains  0.15  Gm.  of  Bism.  Subcarii.,  0.15  of  MagB. 
Carb  .  and  0.5  of  Calc.  Carb. 

•fiijwi.  SttbfflHas  { BLtm.  SubgalL),  U.S.P.  (DermatoD.^Of  var>ing chcmica]  compod- 
tion;  yields  nut  less  than  j2  per  cent,  uf  BijOj.  An  amorphous,  bright  yellow  powder, 
odorless  and  tasteless.     Insol.  in  water  or  ale.     Dose,  o-s  Gm..  8  gr..  L'.S'.P, 

*Bi%mutki SubnUms i^hxa.  Subnit.),U,S.P.,  B.P,  (Bismuth  Osynitratc).— Of  varjing 
chemical  composition;  yicld.^  not  Ic^  than  79  per  cent,  of  BiiO|,  .\  white  piiwdct; 
odorless,  nlmost  tasteless,  and  slightly  hygroscopic;  almost  in>ol-  in  water,  in«ol.  io  ale. 
tHtompiUibilUies,  sec  Bi.<im,  Subcarb,;  efTervescei  with  soluble  carbciuteA.  Ooit, 
0.5  Gm..  8  gr..  U,S.P.;  0.3  to  i.i  Gm.,  5  to  30  gr.,  B.P. 

*B!sm.  ."iuhsdl.,  U.S.P,;  Bism.  Sal.,  H,P, — Of  varj'ing  chemical  compoutiruii  yields 
not  less  tJuin  61  per  cent,  of  UiiOi,  \  white  or  nearly  while,  amorphous  or  ci>*BtiaUine 
powder;  odorlf<.s,  tastelc'^s;  almost  ^sol.  in  ditd  water.  IncompuSiiiU  with  acids.  aUa' 
lie^.  alcohol,  taonio,  or  iron.  Dote,  0.5  Gm.,  8  gr.,  U.B.P.;  0,3  to  i.j  Gm.,  5  to  ao  gt^ 
B.P. 


moN  • 

General  Statement. — Iron  occurs  widely  diMribmed  in  the  body,  in 
several  more  or  less  lirrn  and  non-ionizable  combinations.  It  is  found  in 
all  chromatin'  and  therefore  in  all  cells;  in  the  hemoglobin  of  the  hlood; 
and  in  granular  form  as  *' reserve  iron"  in  the  blood-iorraing  and  destroy- 
ing orj;ans.    It  is  also  a  necessary  constituent  of  the  oxidases. 

Iron  is  therefore  of  great  importance  in  metabolism.  When  admin- 
btered  to  normal  animaJs,  it  has  no  systemic  action,  but  increases  the 
"reserve  iron."  In  most  anemias,  the  administration  of  iron  tends  to 
restore  the  hemoglobin  lo  the  normal  and  therefore  improves  autrition. 
The  soluble  ionizable  salts  exert  local  astringent  effects. 

Direct  systemic  actions  may  be  secured  by  the  intni\-enous  or  h>-podcrn^  Injec- 
tion of  non-precipitating  ialu,  or  by  tUe  absorption  of  corrwi^ive  preparaliuoi.  Tbe 
effects  resemble  lhu>e  i.>f  arsenic  (H.  Meyer  and  Williams,  18S1;  Jacobj.  1887).  Toxic 
effects  occur  with  60  mg.  per  kilogmm,  hypodermic  or  by  vein;  but  not  with  tbcrmpeutic 
hypodermic  doses  (l/pinc,  1897). 

Astringent  Action  and  Uses. — The  soluble  sails,  especially  the  fertic, 
precipitate  proteins  readily  and  are  therefore  stv-ptic,  astringent,  irrilant 
and  even  corrosive.  Their  internal  administration  is  apt  lo  produce  some 
gastric  irritation  and  constipation.  The  tincture  of  ferric  chlorid  is  cm- 
ployed  as  an  astringent,  especially  in  gargles  (1:10);  this,  and  other  iron 
salts,  [>articu1arly  the  Llq.  Fern  S'ubsuTph,,  are  also  used  as  local  styptics. 

The  administration  of  iron  does  nof  cause  rcnaJ  irriiation. 

Ringworm. —Garrett,  191.3,  recommends  painting  the  scalp  with  undiluted  Liq. 
Ferri  Chlor.  FortU, 

^  A.  p.  Mathews  slates  that  recent  work  throws  doubt  on  the  ppcxooe  o<  trao  in  all 

nuclei. 


Income  and  Output  of  Iron. — The  body  of  an  aduli  man  contains  about 
3.0  to  .i.5  Gin.  of  iron,  of  which  about  2.4  lo  2.7  Gni.  are  in  the  form  of 
bemoglobiii.  On  a  normal  diet,  he  excretes  daily  about  so  nig.  of  iron; 
even  in  starvation  the  excretion  averaj(;es  about  8  mg,  (K.  Mueller). 
This  is  normally  replaced  by  the  absorption  of  iron  from  the  food.  A 
daily  minimum  income  of  6  to  n  mg.  is  required  to  maintain  the  equi- 
librium. The  iron  content  of  the  ordinary  daily  diet  niaj'  var>'  between 
7  and  35  mg.,  generally  between  11  and  iq  mg.,  16  mg.  being  the  mean 
value  (Sherman,  1Q07;  extensive  bibliography).  The  iron  income  is 
therefore  ordinarily  more  than  sufficient  for  the  needs;  this  even  in  other- 
wise poorly  nourished  individuals,  since  a  vegetable  diet  is  relatively  rich 
in  iron. 

Iron  Content  of  Foods. — This  varies  considerably,  a  fact  which  may  be  utilized  ia 
th«  treatnicnl  of  anemias.  It  ^ullim  to  remember  tbat  blood,  menl,  yolk  of  eggs,  and 
the  green  portions  of  vegetables,  carrots^  fruits,  etc.,  are  especially  rich  in  iroa  (i  7  to  10 
mg.  per  100  Gm.  ot  dry  substance);  wliilc  egg-white,  milk,  and  Uic  cereals  (cspciially 
vhite  flour]  arc  poor  in  iron.     Whole  wheat,  potatoes  and  the  legumes  arc  intermediate. 

Doti  fRutncK  crispus),  according  lo  Sachet,  has  the  highest  iron  cuotent  of  any 
plant,  and  has  therefore  been  recommended  for  anemia  (Va-^iyrur,  1005).  It  is  claimed 
(Gilbert  am!  LtTi.'b.>ullet,'ioo"'>)  that  this  con  ten  t  of  orsanic  iron  can  be  considerably  raised 
by  cultivating  Ihc  plant  on  a  soil  artilirially  enriched  with  ferrous  carhonate- 

Ttic  iron  of  plnnt;»,  when  once  lixed  in  ihe  leaves,  is  not  transported  into  sew  tissue; 
differing  in  thi^  respect  irujn  N,  K  or  P  (Gile  and  Carrero.  IQ16}. 

■  Metabolism  of  Iron. — The  increase  of  the  iron  content  of  the  body  in 
growing  animals,  and  the  equilibrium  in  adults,  are  sufficient  evidence  that 
food-iron  is  normally  absorbed,  metabolized  and  excreted.  The  contro- 
versy, whether  inorganic  iron  compounds  can  also  be  metabolized,  may 
now  be  considered  settled  in  the  affirmative:  their  fate  is  identical. 

All  compounds  of  iron  undergo  some  preliminary  and  prol)abIy  un- 
important changes  during  digestion.  They  are  then  absorbed,  mainly 
frOm  the  duodenum,  but  also  in  decreasing  order  from  the  succeeding 
portions  of  the  intestine.  A  part  generally  escapes  absorption  and  is 
eliminated  by  the  feces.  The  part  which  is  absorbed  passes  into  the 
intestinal  epithelium  in  a  dissolved  condition,  the  organic  compounds 
being  at  the  same  time  changed  into  looser  combinations.  The  absorbed 
iron  may  then  pass  directly  into  the  capillaries;  or  through  the  stroma  into 
the  lymph,  reaching  the  blood  via  the  thoracic  duct.  The  relative  r6le 
of  the  blood  and  lymph  absorption  is  not  yet  clear,  but  it  seems  that 
normally  the  main  absorption  is  directly  into  the  blood. 

From  the  hlnod,  the  iron  is  deposited  as  granules  in  an  easily  decom- 
posed organic  form  (ferralin)  in  the  cells  of  the  hematopoetic  organs,  in 
the  liver  and  red  marrow,  and  [>articularly  in  the  spleen,  to  a  less  extent 
in  the  kidneys.  In  this  form  it  remains  until  it  is  used  or  excreted.  The 
spleen  seems  to  l>e  important  in  maintaining  the  iron  reserve  and  in 
preventing  excessive  excretion. 

The  excretion  occurs  mainly  by  the  large  intestines  with  traces  in  the 
urine,  bile  and  gastric  juice.  The  excreted  iron  is  in  firm  organic 
combination. 

The  utilization  of  the  iron,  its  transformation  into  hemoglobin,  occurs 
only  as  needed;  so  that  the  total  quantity  of  hemoglobin  does  not  rise 
above  normal.  The  same  is  probably  true  of  its  utilization  by  other  ceils. 
An  excessive  absorpiiun  of  iron  results  merely  in  an  increase  of  the  reserve 
stock. 
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The  adminialration  of  iron  is  therefore  useful  only  in  those  conditions 
in  which  the  normal  income  or  the  assimilation  of  iron  is  defident. 

Organic  and  Inorganic  Iron. — To  understand  the  following  diKU«stonft,  it  is  neccauiy 
to  have  a  dear  conception  of  the  terms  "inorganic"  and  "organic"  ir<m.  Ineriank 
iron  firffiaralians  contain  the  metal  in  ion-form;  i.e.,  the  iron  can  be  separated  from  tbon 
by  elcctroiy<iifi;  am!  they  give  the  ordJnarj'  iron  rcairlions  (with  ammonium  sulpb'd. 
ferrfKyanid,  or  hemotoxylin)  without  preliminary-  treatment  of  any  kind.  It  ii  imma- 
terial whether  the  iron  is  comhined  with  an  orgnnic  or  inorganic  anion.  Even  tbe  al- 
buminate of  iron  t&  considered  as  "inorganic"  in  thix  ieme. 

Organic  ir(m("  moskr^"  or  "Hon-ionU")  prtparations,  on  the  other  band,  contain  the 
mttal  as  a  constituent  part  of  the  molecule,  tn  a  non-dlssociable  condition,  so  that  tbc^- 
do  not  fovc  the  iron  tests  until  the  metal  has  been  liberated  by  the  decomposition  of  ihu 
molc<'uic.  There  arc  all  dcitrccs  in  the  firmness  of  the  ontanlc  combination:  some  arc 
decomposed  by  dilute  acid^i  I'fcrralin,  the  granules  in  which  the  iron  rewr\'e  is  stored  in 
the  spleen,  liver,  etc.);  in  others  (hemoglobin,  and  the  iron  of  food)  nothing  tbort  d 
combustion  or  heating  with  concentrated  acids  will  liberate  the  iron.  In  certain  in- 
organic compounds,  e.g.,  the  various  double  salts  containing  citric  and  tartaric  sod, 
tbe  iron  is  al^o  largely  non-ionic,  but  can  be  easily  liberated.  In  molecular  compoand^ 
such  as  Icrrocyanids,  the  iron  is  very  firmly  combined. 

Hematoxylin  (fresh  J^  per  cent,  solution  in  water)  is  one  of  the  best  reagents,  Unce  it 
retains  iLs  yellow  color  with  moAlced  iron,  but  is  blackened  by  inorganic  (Macaltom, 
1897).  However,  acids  interfere  with  the  reaction,  so  that  "dialysed  iron,"  aJthougb 
inorganic,  does  not  react  until  it  U  made  alkaline.  Ammonium  sutpbid  is  also  a  good 
reagent;  but  its  pralnnj;cd  contact  liberates  iron  from  the  Ics^''  firmly  maskeit  compound. 

Nature  of  Food-iron. — Iron  nccurs  in  fond  exclusively  in  organic  form,  more  or  leu 
firmly  masked,  generally  in  combination  with  nucleo-proteins.  The  fir^t  natural  iroD 
nucleo'protein  wus  prepared  by  Bunge,  y^&$,  from  egg-y(dk  and  named  Heiiutll(eB. 
Zaicski  aUo  found  an  iron  nuclco-protein  in  the  liver.  This  was  later  isolated  W  Mar- 
fori  and  Schmiedeberg,  1^.4,  and  named  Ferratin.  These  proc]ucls  are  probably  not 
uniform  substances,  since  they  contain  varying  proportions  of  iron  (Salkowski,  1900). 
Schmiedebcrg  and  Marfuri  also  prepared  what  tbey  considered  an  Artificial  Ferratn, 
by  the  interaction  of  iron  and  alkaline  egg-albumin.  It  has  been  shown,  however,  that 
this  has  absolutely  no  relation  to  the  natural  substance,  being  fimply  a  rather  firm  fcni- 
albuminate  (Dc  liroot,  1&95;  Battistini.  1895).  While  true  ferratin  is  not  attacked  by 
digestion,  the  artificial  is  converted  into  ferric  chlurid.  It  has  therefore  no  advantage 
over  the  ordinary  mild  iron  salts. 

Hemoglobin  hnlil^i  the  iron  much  more  Gimly  than  most  other  compounds.  It  b 
converted  into  hem.itin  in  the  stomnch  (Rep.  Counc.  Pharm.  Chem..  1911;  64).  lb 
further  fate  i^  not  known,  hut  at  least  a  part  of  its  iron  U  evidently  absorbed,  since  iti 
administration  can  satisfy  tbe  iron  requirements  of  the  body.  It  has  no  serious  tben- 
peulic  advantage. 

Outline  of  the  Iron.  Controversy. — Even  ihc  ancients  employe*!  iron  in 
the  treatmL-nl  o£  anemia;  drinking  water  in  which  swords  had  been  allowed 
to  rust.  Perhaps  ihcy  were  led  to  do  so  by  an  obscure  idea  that  the 
strength  of  the  steel  wotild  in  some  way  pass  into  the  patient.  With 
the  discovery  of  the  presence  of  iron  in  the  blood  (Menghinis,  1746),  tbe 
therapeutic  results  seemed  to  be  easily  explained  on  the  assumption  that 
the  iron  is  absorbed  and  converted  into  blood,  much  as  the  nitrogen  of  food 
is  converted  into  muscle.  The  earlier  e,xperimenLs,  however,  failtrd  to 
show  any  absorption  of  the  mcdicina!  iron  preparations.  This  led  some 
writers  to  consider  the  clinical  results  obtained  with  iron  as  largely  imagi- 
nanr';  while  others  (csiiccially  Bunge,  1SS5)  were  inclined  to  attribute  them 
to  the  local  actions  of  iron  in  the  alimentary  canal. 

There  could  never  be  any  question  as  to  the  absorption  of  food-trtMl. 
for  the  hemoglobin  increases  with  the  growth  of  the  animal.  Tbe  same 
holds  true  for  certain  organic  irons,  and  Macallum  (1S94)  and  H&II 
(1896)  studied  this  absorption  by  microchemic  methods.  Tbe  absorp- 
tion of  inorganic  iron  was  also  proven,  but  the  latter  result  was  criti- 
cized, the  objection  being  made  that  the  iron  had  produced  corrosion. 
This  was  finally  withdrawn,  but   it  was  now  claimed  that  inorganic 
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iron,  while  it  is  absorbed,  can  not  be  converted  into  hemoglobin  (Abder- 
halden,  1899;  HofFmann,  1900);  but  that  it  is  nevertheless  beneficial 
in  anemia,  by  stimulating  the  blood-producing  organs  to  a  better  use  of 
the  organic  irons.  This  objection  was  also  found  untenable  and  aban- 
doned (Abderhalden,  1906).  It  appears  therefore  that  inorganic  iron 
b  absorbed,  assimilated  and  converted  into  hemoglobin,  precisely  like 
food- iron. 

The  long  resislance  lo  the  acccptamre  of  this  explanation  was  duelar^Iy  to  the  fact 
that  the  conversion  of  iron  into  hemoglobin  would  have  been  an  unique  instance  of  the 
iiynthnbi,  in  the  animal  organism,  nf  :i  pntlcin  from  an  inorganic  compound.     It  is  now 

Erobable  that  the  phosphorus  of  nucleo-protcin.  and  probably  other  proteins,  may  also 
e  derived  frorn  tnorKunic  sources, 

However,  even  without  prejudice,  th«  problems  of  iron  metabolism  presented  some 
peculiar  diQiculties,  which  could  be  only  gradually  overcome  (critical  bibliography, 
Erkh  Meyer,  igo6). 

Evidence  from  Excreta. — If  one  wishes  to  show  the  absorption  of  nitrogen  or  of 
chlorids,  it  sulbccs  to  estimate  the  quantity  of  these  substantcs  in  the  food,  and  in  the 
feces  and  urine.  The  same  methnd  wax  applied  to  iron.  The  results  seemed  to  show 
that  absolutely  no  absorption  occurs,  for  the  iron  of  the  feces  appro limates  that  of  the 
food  (Klerzinsky,  1^154)  and  the  iron  in  the  urine  is  not  at  all  incrcjtscd.  It  was  soon 
shown,  however,  that  the  inceslines  arc  the  principal  channel  for  the  excretion  of  the 
iron;  fur  the  feces  contained  this  metal  even  in  starvation;  and  when  iron  was  injected 
subcutancousty  very  much  more  was  excreted  by  the  feces  than  by  the  urine.  It  was 
therefore  evidently  impossible  to  decide  whether  the  fecal  iron  wa^  unatisurbed  or  ex- 
creted. .\bftorption  could  be  proven,  by  this  method,  only  if  it  predominated  greatly 
over  the  excretion.  The  estimation  of  the  iron  in  the  bile  and  m  the  intestinal  juice 
gave  similarly  inrnncltisivp  results. 

Iron  Excretion  by  Urine. — This  always  contains  traces  of  iron  (in  man,  normally  i  to 
a  mg.  d.iity).  i>arliy  in  r.>lhrr  loo^e,  partly  in  very  firm  combinations  (Wolter,  1910). 
There  is  practically  no  incrca:»e  if  iron  ia  administered  by  mouth  (K.  \V.  Hamburger, 
T87S;  Robert,  i8gi),  even  when  urBanic  iron  is  continued  fur  weeks  (Gotllieb,  1890). 
Nor  is  there  anv  increase  on  intravenous  injection  oi  fvrratin  (Cloetta,  1900).  Some 
increase  occurs  in  fever,  nephritis,  hcjjalic  disease,  leuccmia,  and  es|Jccially  in  diabetes. 
This  indicates  that  the  iron  of  the  urine  comes  from  tissue  destruction,  and  not  from  the 
iron  of  the  food  or  drugs  (Tartakowsky,  1904), 

Xntestiiial  Excretion. — The  iron  leaves  llie  body  mainly  by  the  feces.  This  is  true 
for  starvation  (Hidder  and  Schmidt,  iS$i;  ¥.  Mueller),  and  for  the  normal  iron  income; 
or  when  iron  is  administered  orally,  hypodcrmically  or  intravenously.  However,  (he 
total  excretion  of  the  injectid  iron  requires  several  weeks  (Gottlieb,  1891).  It  was  at 
£rst  assumed  that  the  excretion  occurred  mainly  by  the  Biic,  but  actual  observation 
shnwevl  that  the  quantity  of  inin  in  ibc  bile  IS  small  (mean,  about  40  mg.  per  liter);  and 
that  it  is  not  increased  by  the  administration  of  iron  (E.  W.  Hamburger,  1880;  .\nselm, 
tStji).  The  iron  must  toerefore  be  excrelexl  through  the  Inlnlituit  EpitfuliuM,  This 
is  con6rmed  directly  by  fistula  experiments,  in  which  the  access  of  food  to  isolated  parts 
Xfi  the  intestine  i%  prevented  (Robert;  Gottlieb,  i$9t ;  Horiigmnnn,  1896).  These  show 
that  the  excretion  occurs  mainly  in  the  largcintestine;  the  eiccretcd  iron  being  very  firmly 
comli*'icd.  30  thai  it  gives  the  iron  reactions  only  after  incineration  (TartakowskyJ. 
In  rabbits,  after  hypodermic  or  peritoneal  injection  of  iron  saIIs  or  hemoglobin,  the 
main  excretion  is  through  the  epithelium  of  tlie  upper  duodenum  (Chcvollicr,  1914). 
As  with  metals  in  general,  the  excretion  is  a  slow  process;  requiring  several  weeks  for  ibe 
cornplcte  elimination  of  a  hN-podcrmic  injection  (Gottlieb). 

Chemic  Evidence  of  Absorption  in  Small  Intefitine. — A  fistula  in  the  lower  ileum 
would  separate  fairty  sharply  the  place  of  the  principal  absorption,  the  small  intestine, 
from  the  principal  excretion,  the  large  intestine.  Honismann,  1896,  found  in  this  way 
that  about  80  per  cent,  of  citraled  Iron  was  absorbed  in  the  small  intestine.  Rabe,  1911, 
by  using  fistula  dogs,  found  that  the  greatest  absorption  of  saccharatcd  iron  occurs  in 
the  du'.Klcnum.  the  luwcr  jHirtions  pla>'ing  a  progressively  smaller  rdlc. 

Iron  Content  of  Organs. — Changes  in  the  iron  content  of  individual  organs,  or  of 
the  entire  body,  also  give  evidence  of  the  absorption  of  iron.  We  have  seen  that  injecttj 
trtm  u  excreted  slowly;  and  must  therefore  be  temporarily  stored  in  tlie  body.  Jacobj, 
198;  and  1890.  found  that  iron  preparations,  injected  into  a  vein,  had  disappeared  from 
the  blood  in  two  lo  three  hours.  At  this  lime,  only  10  per  cent,  bad  passed  into  the 
excreta;  about  5c  per  cent,  was  deposited  in  the  liver,  and  the  remainder  in  other  organs 
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(Sfdccn,  kidney,  intestines).  The  Liver  is  Also  norinaJly  very  rich  in  iron  (tUilftlnH 
Ukcwisc  of  animiiU  wliich  do  not  (urin  hemoglubin — niotJo»4.-s,  crayljsb,  ktbatrr,  e(c.)> 
The  liver  iron  decreases  with  iron-poor  food,  or  when  there  arc  extra  demands  for  iron, 
as  in  preenancy  or  after  hemorrhage.  The  iron  content  of  the  liver  may  ibus  be  taken 
as  an  index  of  the  iron  slock  of  the  body,  and  therefore  of  obsorpUoo.  Witb  snull 
animals,  the  iron  content  of  the  fntirc  body  can  be  estimated. 

Since  the  animals  must  be  killed  to  cstiroalc  the  iron,  control  cxperiniezits  arc  nec- 
essary. These  would  beimpossibleif  the  animals  were  chosen  at  landoni,  for  the  Individ- 
ual diSercxDCS  of  iron  content  arc  often  }n'<^ater  than  the  quantities  which  could  be 
absorb«l.  Bunge  found,  howevi.'r,  that  the  proporton  of  iron  in  new-born  animsls  is 
very  high  (iticrcosing  very  rapidly  in  the  last  three  month<^  of  fetal  life;  nugounenrq, 
1899);  and  '*'"'  '^  decre;i*e>3ti";idily  during  the  period  of  lactation  llxrcausc  milk  is  very 
poor  in  iron)  until  it  has  reached  a.  practically  constant  quantity— about  the  Kventeentn 
dav  in  guinea  pigs  or  rabbits,  and  the  twenty-third  or  twenly-fourih  day  in  dog*.  Tbt 
animals  of  the  same  litter  can  therefore  be  used  for  controls,  some  being  fed,  at  the  end 
of  the  lactation  period,  with  iron-poor  food,  others  nith  the  fcame  food  to  which  the  iron 
preparation  i&  added.  Kice  and  milk,  which  contain  a  %*er>'  small  proportion  of  iron, 
arc  Commonly  employed.  The  animals  which  do  not  receive  the  iron  thrive  very  poorly, 
remaining  small  and  emaciated.  Those  which  receive  iron,  in  any  form,  show  an  unm!*- 
tnkabli-  increase  in  the  total  iron  content  of  the  body,  especially  of  ihc  liver,  spleeo  and 
bone-marrow  [Hall,  1894;  Kunkcl,  1895;  Ocrum,  1906). 

.'\bdi'rbaldcn.  1900,  and  Haeu&sermann,  1897,  objected  to  the  experLmcnts  of  HalL 
that  he  used  corrosive  dases  af  the  inorganic  preparations,  an  was  nereuary  with  unall 
animals  to  obtain  dtScrenccs  beyond  the  experimental  error.  Kunkcl,  however,  who 
worked  also  with  dogs,  had  used  therapeutic  doses.  Theseexperiments  therefore  prove 
that  inor^attic,  as  xcell  as  crganic  iron  can  b<  absorbed  and  dtpvtittd  in  Ike  tner  andMkv 
organs. 

Microchemic  Evidence. — Important  information  was  obtained  by  applj-ing  the  color 
reaclioiis  for  iron  directly  to  the  tissues.  Tile  macroscopic  examination  of  the  detilli 
of  Slain  gives  a  general  idea  of  the  quantitative  distribution  of  the  iron,  the  dctaiti  being 
revealed  by  microscopic  study.  Since,  however,  the  iron  compounds  are  apt  to  di*M)lvc 
In  the  fixing  solulions,  many  of  the  earlier  experiments  gave  fallacious  results.  The  best 
method  consists  in  hardening  the  tissues  in  alcoholic  ammonium  sulphid  and  caaverttng 
the  ferrotu  stilphid  into  the  more  stable  Berlin  blue,  by  Ireatmcot  with  potas«ic  (erro- 
cyanld  and  dilute  hydrochloric  acid.  Only  the  inorganic  and  the  looacly  combtneil 
organic  iron  is  revealed.  The  experiments  are  made  on  animals  with  different  diets, 
or  fed  on  iron,  for  varying  periods.  The  method  is  of  value  e&pccially  for  ahowiog  the 
place  and  manner  of  absorption,  and  the  course  of  iron  through  the  s}-5tem. 

CourM  of  Absorption. —  Miiculltim,  18041  Quincke,  and  Ilorhhitufi,  1K96;  and  Abder- 
hatden,  1906,  after  the  administration  of  iron  preparations,  found  the  reaction especiany 
strung  in  the  epilhcliul  cells  of  the  Jiu>daium.  The  results  below  the  duodeaum  were 
inconstant,  depending  upon  the  quantity  administer«l.  The  gastric  tpUhdivm  givca 
no  reaction. 

The  large  intestines  show  a  diffused  iron  reaction  of  the  epithdium,  and  granules  ia 
the  submucous  leucocytes.  It  was  generally  assumed  that  this  iron  was  in  the  courvc 
of  excretion.  However,  Tartakowsky  found  that  the  large  intestine  show»  no  ftuljitiid 
reaction  in  starvation  or  with  iron-^oor  food,  although  the  cbcmic  examination  of  the 
intestinal  contents  proves  the  conlinued  e»rrclion  of  fixed  irnn.  It  would  therrfore 
Mcm  that  the  excreted  iron  is  too  firmly  combined  to  give  the  sulpbid  icaction;  and  thai 
the  sulphid  reaction  of  the  large  intestine  is  also  due  to  iron  in  the  coune  of  atMorption. 
However,  the  amount  absorbed  here  must  be  small. 

The  absorption  of  iron  must  therefore  take  place  mainly  tkrvugb  the  ceilt  of  Hu  dmo- 
dtnum.  This  dltTers  from  other  metals,  which  are  absorhMJ  bttvicn  the  ci-ll*  'Hi-elwr, 
1007).    The  iron  reaction  )^es.sentiaily  identical,  whether  organic  or  io'  '.1. 

Smce  food-iron  does  not  give  the  sutphid  reaction,  even  in  the  inu  it 

mttst  be  broken  down  into  ionic  iron  within  the  epithelium.  This  diw-^  n>M  r\i  luuc  ine 
possibility  that  a  part  of  the  organic  iron  nuiy  be  absorbed  unchanged;  for  this  would 
not  be  revealed  by  the  microchemic  reaction. 

Ftirther  Course  of  the  Absorbed  Iron. — The  iron  reaction  is  also  seen  in  the  atiwna 
of  the  duodenal  villi;  in  the  central  lacteal,  and  sometimes  in  the  mesenteric  lyiDph 
glands,  partly  dissolved  in  the  lymph  plasma,  often  as  granules  ia  the  lymph  corpu»*  m« 
(ferrocytes)  (Quincke;  Oaule;  Abderhalden).  Gaule,  189(1,  also  found  that  iron  &d- 
mintsirntion  docs  not  increase  the  iron  content  of  the  spleen,  if  the  lymph  b  p^c^-mte«l 
from  reaching  the  circulation,  by  a  hsiula  of  the  thoracic  duct.  These  ob««rvftiioc» 
would  indicate  that  the  iron  reaches  Ihc  blood  through  the  lymph.  Frantf-MoeUer 
obtained  just  the  opposite  results:  The  l>-mt^  of  the  thoracic  duct  contained  do  troo; 


IRON 


767 


[  ud  tbe  fistula  did  not  prevent  tlic  accumulation  of  iron  in  the  organs.  The  diffeKnce 
Is  perhaps  explained  by  tbe  dosage:  Gaule  worlced  wUh  large  doset^  and  liis  histologic 
re»utl»  at  Ica^t  could  be  referred  to  corrosion;  while  Mudler  used  smaller  doses.  It  h 
Ibervfurc  probable  thiit  the  iron  nurmalty  pu:iscs  directly  into  the  intestinal  capillaries. 
It  is  then  rapidly  ilcpu-^ited  in  the  organs. 

Retcrve  Stock  of  kon. — Animals  on  an  ordinary'  diet  lav  up  a  confuderabl«  Kurve 
atork  of  Iron,  as  loose  protein  compounds,  especially  in  toe  liver  and  spleen.  This 
nserft  disappears  (''asideroeia"  of  Quincke)  gradually  when  a  diet  poor  in  iron  is  (^vcq, 
or  when  there  is  an  extraordinary  use  of  iron,  as  after  bemorrbiiges,  or  during  pregnancy 
(when  considerable  iron  is  transferred  to  the  fetus).  In  acute  hemolytic  anemia  of 
nbbiti,  the  reserve  iron  largely  disappears,  especially  from  the  liver  cells,  when  the  blood 
is  regenerated.  Small  amounts  arc  slill  p^<^s(;^t  in  the  endothelium  of  the  hepatic 
capillaries,  in  the  spleen  and  in  tlif  ren;d  cortex  (Muir  and  Dunn,  1915).  Tbe  deposits 
increase,  on  ihc  other  h:ind.  when  ihc  iron  of  the  food  is  incrcued. 

RelatioQ  of  Spleen  to  Iron  Metabolisni. — The  coustunt  occurring  of  loosely  bound 
iron  granule:}  in  the  spleen,  var^-ing  in  quantity  with  the  iron  income  and  blood  destruc- 
tion, shows  thut  it  is  one  of  the  important  depots  for  reserve  iron  (Chcvallicr,  IQI4). 
Even  animals  fed  on  iron-free  food  from  birth,  and  whose  liver  is  free  from  reserve  iron, 
contain  some  in  the  spleen  (Schmidt.  19  iH.  However,  this  function  is  shared  by  matiy 
other  org.ins,  so  that  splenectomy*  does  not  entail  any  constant  or  important  changes 
in  normal  iron  melaljolism  (Austin  and  I'carce,  1914).  When  the  iron  income  h  in  ade- 
quate, the  loss  of  the  spleen  may  (wrhups  lead  to  a  less  elective  retention  of  iron,  as  is 
believed  by  .\sher  and  his  pupils,  1909  and  1911.  On  the  other  band,  the  spleen  has 
real,  if  not  very  conspicuous  effects  on  the  red  blood  corpuscles. 

Effects  of  Splenectomy. — These  have  been  investigated  especially  by  Pcarcc  and  pumU, 
1912  to  1915.  They  I'md  thnt  excision  of  the  spleen  from  normal  du^  is  foliowco  by 
moderate  anemia,  with  very  slow  recovery.  The  decrease  is  greater  for  the  hcmoglolun 
than  for  the  btood  count.  The  mechLinism  of  this  anemia  is  not  clear.  Subsequently, 
as  the  anemia  recovers,  the  red  cells  become  abnormally  resistant  to  hemolytic  agents 
and  the  fatty  lK>uc-marrow  becomes  cellular.  The  cells  of  the  Ivmph  nodes  and  peroaps 
of  the  liver  show  a  compensatory  iticrrase  of  phagocytic  function  toward  the  re<i  cells. 

Jnjectinn  0/  Spiten  Extracts. —  Intraperitoneal  injection  produces  for  one  or  two  da>*a 
a  dislmct  increa.<>c  of  hemoglobin  and  corpuscles  Id  normal,  not  in  spIcncctomiMd  ani- 
mals, apparently  by  stimulating  the  bone-marrow.  Feeding  of  spleen  is  ioeSective 
(Knimbhaar  and  Musser,  1914). 

Splenic  extract  has  no  hemolytic  action  in  vitro;  nor  does  the  blood  of  tbe  sfdenic 
vein  contain  more  free  hemoglobin  than  the  splenic  artery  (ibid). 

Assimllationof  IrOQ.— It  would  be  quite  conci-iviible  that  the  absorbed  iron,  porticu- 
larly  the  inorganic  preparation*;,  were  of  as  Utile  use  to  the  organism  as  the  particles  of 
solid  carbon  nhich  urc  absorbed  by  the  lungs.  It  bad  to  be  ^houn  therefore  that  the 
iron  tan  be  actually  a-ssimiliitcd  and  converted  into  hemoglobin.  This  could  not  be 
done  on  normal  animals,  because  the  normal  income  of  iron  is  amply  sutlicicnt  lor  all  the 
needs  of  the  organism ;  an  excess  h.is  no  effect  whatever  on  the  hemoglobin.  The  animals 
must  be  reduced  to  a  condition  in  which  the  needs  exceed  the  ordinary  income.  In 
young  and  actively  growing  animals,  this  may  be  secured  by  a  diet  poor  in  iron  (milk  and 
rice).  This  produces  a  progressive  fall  of  the  percentage  ot  hemoglobin,  and  the  animals 
become  emaciated  and  <&  not  develop.  As  soon  as  iron,  in  any  form,  is  added 
to  the  diet,  the  animals  recover  very  rapidly  (HCaslio,  1890;  Cloetta;  Tartakowskjr; 
AbderhaldenK  It  must  therefore  be  concluded  that  oil  forms  0/  iron  eon  be  assimi- 
laSed.  The  same  result  is  obtained  with  adult  animals.  These  can  not  be  ren- 
dered markedly  .anemic  by  an  iron-poor  diet;  by  drawing  on  their  reserve  stock,  and 
possibly  utili/inK  the  iron  several  times,  they  can  keep  up  an  almost  aormal  percentage 
of  hemoglobin  for  a  connidcrablc  period.  They  can,  however,  be  rendered  anemic 
by  hemorrhage.  Even  a  rather  severe  single  hemorrhage  is  rapidly  recovered  from  on 
a  milk  and  rice  diet;  but  this  is  hastened  by  thtr  administration  of  organic  or  inorganic 
iron  (EKcr;  Mueller,  1900).  When  several  hemorrhages  h&\'c  been  made  and  the  iron 
reserve  nos  become  exhausted  rccovcrv  occurs  only  when  iron  (in  any  form)  is  added  to 
this  diet.     (Kunkel,  1^95;  Tartakowsky,  1905  and  1904). 

Abderhalden  at  iinl  contended  that  even  tneae  experiments  did  not  prove  the  assimi- 
lation of  inorganic  iron:  He  concluded  from  his  data  that  the  undernourished  anitnaU 
did  not  impro\'c  as  rapidly  by  the  simple  addition  of  inorganic  iron,  ait  did  the  animals 
which  were  placed  on  a  normal  (iron-containing)  diet  plus  inorganic  iron;  but  that 
the  improvement  was  more  rapid  on  a  full  diet  plus  inorganic  iron  than  on  a  full  diet 
alooe.  He  interpreted  these  obser^'a lions  to  the  eflect  that  inorganic  iron  was  not  assimi* 
bted  as  sucb,  but  that  it  increased  Iheassimilation  of  organic  iron,  perhaps  bystimulat- 
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ing  the  bone  matter.     Jaquct,  however,  poiDled  out  llial  tlie  slower  improvemcnl, 
when  the  iron  was  added  to  the  restricted  diet,  would  be  erplained  by  the  lower  protein. , 
content  of  this  did;  unil  Tnrtakowi^ky  showed  Ihat  inorganic  iron  added  to  ft  (tiet 
in  iron  itoc^  not  hapten  the  icnprovemcnt,  as  it  KhoulH  if  ii  stimulated  the  bone^marrow/ 
Abderhaldcn  sccnis  to  have  withdrawn  his  objection. 

Changes  in  Bone-marrow. — When  iron  is  administered  in  anemia,  the  marrow  doobt- 
le&s  showB  greatc^r  activity,  more  nuclear  erythrocytes  and  mitotic  cells;  but  this  is  the 
natural  accompanunent  of  the  increase  of  hemoglobin.  The  observation  of  Schminckc. 
1013.  with  iron  administration  in  human  anemia,  that  the  increase  of  erythrocyies 
considerably  precedes  the  increase  of  hemoglobin,  is  al^o  no  convincing  proof  of  direct 
bone- marrow  stimulation,  until  we  know  more  about  the  normal  .and  pat  hulofiicsequerKe 
of  blood  rcpcneration. 

A.  B.  ^Iacallun1.  iSqo,  found  in  frogs  that  the  hemoglobin  arises  from  the  tranfiforau- 
tion  of  ilic  iron-contuininji:  nuclear  chromatin  of  the  hematoblasts. 

Diaassimilation  of  Iron. — A  port  of  the  reserve  iron  is  doubtless  dcri\-ed  from  the 
destruction  of  the  red  corpuscles  and  iheir  hemoglobin;  for  the  injection  of  hemoglobin 
or  hcmatin  increases  markedly  the  iron  content  of  the  liver,  spleen  and  nnarrow.  The 
transformation  of  hemoglobin  into  the  less  firmly  masked  iron  may  be  seen  in  extnviss- 
tionn  of  blood,  and  lakes  place  there  in  gradual  5taRe«.  The  impossibility  of  pro- 
ducing severe  anemia  in  aautt  animals  by  limiting  the  iron  of  the  food,  itidicata  that 
the  ircn  stock  may  bt  itsed  sfteral  times.  But  a  portion  is  undoubtedly  lo6t  by  Ibe  feces 
and  urine. 

Fate  of  lirmoilabiH. — Tf  free  hemoglobin  occurs  in  the  plasma,  as  a  result  o(  tnietlion 
or  bemolyns,  in  concentrations  above  about  0.13  per  cent.,  the  excess  is  mainly  mirred 
through  the  kidney  and  produces  hem>nKlubinuria.  A  part,  however,  and  with  lower 
concentrations  all  of  the  dissolved  hemoglobin  is  taken  up  and  destroyed  by  the  liver, 
spleen,  kidney,  etc.  In  the  liver,  the  hemoglobin  is  converted  into  bile-pigmeaU  If 
tne  .imount  of  this  exceeds  the  excretory  capacity  of  the  bile,  it  results  in  ictenj5  (Pc&rcc, 
AUfttin  and  Kiscnbrcy,  191 1). 

With  hemolysis  so  severe  as  to  destroy  nearly  half  of  the  blood  in  three  dajrs,  Mtnr 
and  Dunn.  1915.  found  nearly  alt  of  the  iron  of  the  destroyed  hemoglobin  deposited  in  tlK 
liver,  spleen  and  kidne)*?.  A  third  of  the  total  iron  of  the  blood  may  be  thus  deposited 
in  tweniy-foiir  hours. 

Local  Actions  on  AUmentaiy  CanmL — These  vrere  advanced  io  ezpUiutUMi  of  the 
therapeutic  cited'-  when  the  .t-'^^imilation  of  inorganic  iron  preparatlOOS  was  still  in 
doubt.  The  inorganic  salts  of  iron  produce  an  astnngcnt  effect,  which  may  cuocetvahly 
support  tbeir  other  actions,  by  improving  digefttun.  <  Kulwrl,  iS&j).  There  u  al«-a>-> 
danger,  however,  that  the  useful  action  parses  into  irritation,  and,  in  fact,  iron  cuncs 
digestive  disturbance  (cspeciullv  con^lipaliou)  mure  often  than  iroproveniCDt. 

It  W.15  also  suggested  that  the  inorganic  iron  protected  organic  iron  against  prvdlM- 
tation  by  sulphids  in  the  intestines.  This  would,  of  course,  be  superfluous,  since  food- 
iron  is  not  pm-ipilatcd  by  sulphids.  Accordingly,  Stockman,  l>^)j,  found  that  iroa 
produced  it.s  therapeutic  effect  even  when  it  was  adouniatercd  as  the  sulpbid.  On  Ok 
other  hand,  other  mcluls  which  bind  HiS  with  ovidity  (/.•'.,  bismutb),  are  entirely  in- 
effective in  chlorosis. 

Effects  on  General  Nutrition. — While  these  arc  doubtless  mainly  the  indirect  rcstdc 
of  the  incrt-a^ie  of  henii)|;li)bin,  it  must  not  be  overlooked  that  iron  forms  a  coruliluent 
of  ah  cells,  and  ^omc  of  its  etiects  may  be  direct;  but  its  importance  in  this  connection  It 
difhctdt  In  estim.ile.  The  majority  of  organisms  ie<|uire  some  iron,  even  tbove  whkh 
do  not  form  hemoglobin.  (The  blood  of  some  invertrbrate  animidi  contains  copper  or 
mangane<ie  in  place  of  iron). 

Therapeutic  Use  in  Anemias. — The  administratiGn  ol  iron  wotild  be 
useful  in  all  conditions  in  which  the  need  for  iron  exceeds  its  income; 
conditions  which  are  characterized  by  a  low  percentage  of  hemoglobin, 
and  by  the  general  clinical  picture  of  anemia. 

The  plainest  indication  for  iron  is  furnished  by  the  anemia  produced 
by  severe  or  repeated  hemorrhage.  Infantile  anemias  are  often  traceable 
to  a  deficient  iron  content  of  the  food,  and  would  be  greatly  benefited 
by  iron.  Some  cases  of  .simple  anemias  in  adults  may  also  be  due  to  this 
cause.  It  is  conceivable  that  deficiencies  in  the  iron  income  arc  concerned 
in  the  etiology  of  rickets  and  the  other  nutnuve  diseases  of  infants. 


TroH  Content  of  JfiVi. — Anenua  is  very  apt  to  occur  If  the  iofact  is  kept  too  long  on 
an  exclusive  milk  dJct.  It  may  also  be  favored  by  aa  inferior  quality  of  milk:  while 
Ronnal  human  milk  contains  3.5  to  7.2  mg.  of  iron  per  liter  (mean  $  mg.).  that  of 
unhealthy  mothers  k  poorer  in  iron;  and  artificial  infant  foods  generally  contain  only 
1.4  to  3.6  mg.  Cow's  millc  is  even  poorer  in  iron  thun  ibgenrmlly  believed.  It  contains 
0.4  too.?  nag.,  mean  0.5  mg.  per  liter;  the  higher  figures  of  {Jcler  determination!;  vrere  due 
to  contamination  from  metallic  containers  (txlelstcin  and  Csonka.  1911. 

Pernicious  Anemia. — Iron  is  useless  in  those  aises  i>f  anemia  in  which  there  is  no 
deficiency  in  the  income  or  store  of  iron;  hut  in  which  the  fault  concerns  the  formation 
or  destruction  of  the  corpuscles.  In  (.wrnicious  anemia.  :i  most  severe  destruction  of  the 
coif>U9cle»  (probably  thcoufih  an  unknown  hemolytic  agent)  is  acc-ompaiiied  by  a  very 
coDuderable  increase  of  the  reserve  iron  of  the  liver  and  splctn  (Rurapf,  1901)  and  of  the 
dissolved  bon  of  the  spleen  (Erben,  1900).  The  urinary  excretion  of  iron  remains 
normal  (Qucckcnstedt,  191^).  Clinical  experience  has  confirmed  that  the  administra- 
doQ  of  iron  is  u.idess  in  this  condition. 

^P  Most  instances  of  anemia,  and  especially  chlorosis,  can  not  be  attributed 
directly  to  deficient  iron  income;  but  nevertheless.  Ihe  aHminitflratton  of 
iron  often  secures  brilliant  results.  It  must  therefore  be  supposed  that 
conditions  exist  in  these  diseases,  which  demand  an  extraordinary  income 
of  iron  to  keep  the  hemoglobin  normal. 

■  Ifim  in  Chlorosis. — A  complete  explanation  of  the  action  of  iron  in 
chlorosis  can  be  furnished  only  when  the  puihology  is  understood.  This 
is  not  the  case  at  present;  little  is  known  beyond  the  fact  that  the  hemo- 
globin is  decreased  (Fodisch,  1832)  much  more  than  the  number  of  cor- 
puscles (several  authors,  1842),  and  that  the  excretion  of  iron  by  the  urine 
IS  nearly  normal.  Even  the  question,  whether  the  reserve  stock  of  iron 
is  altered,  does  not  seem  to  be  decided.  Digestive  disturbances  arc  often 
present,  but  they  may  be  secondary  or  accidfental;  indeed,  they  disappear 
spontaneously  with  the  iron  treatment. 

Our  knowledge  of  the  etiology  is  equally  unsatisfactory.  It  has  in- 
deed been  shown  by  Stockmann  that  the  diet  of  chlorotic  girls  is  often 
very  poor  in  iron  (containing  2.8  to  3.2  mg.  per  day,  instead  of  the  normal, 
6  to  14  mg.)  But  this,  as  well  as  other  unhygienic  conditions,  can  be 
considered  only  as  contributory  factors,  since  many  persons  are  subject 
to  these  conditions,  while  chlorosis  is  confined  to  females  about  the  age 
of  puberty.     There  is  no  evidence  of  defective  absorption  of  iron. 

The  freatmenl  ii  much  more  successful  than  might  be  expected.  The  adnunistratioo 
of  iron  holds  the  first  place.  This  should  be  supplemented  by  projier  h>'giene — good  air, 
rest,  suitable  diet,  stomachics,  attention  to  the  bowels  (aloes),  etc.  .Arsenic,  phos- 
phorus or  maciKuacsc  are  often  used  in  addition  to  the  iron:  it  is  dif&cult  to  judge. of 
their  value 

_  Administration. — Although  both  organic  and  inorganic  iron  are  ab- 
Ksorbcd  and  produce  therapeutic  effects,  the  ionized  iron  appears  to  be 
more  active  therapeutically,  for  reasons  not  fully  understood.  On  the 
other  hand,  inorganic- iron  preparations  are  more  apt  to  set  up  digestive 
distress,  which  may  interfere  with  the  prolonged  administration  that  is 
ordinarily  needed.  In  such  cases,  it  is  necessary  to  begin  with  the  milder 
organic  or  insoluble  preparations;  and  to  induce  a  tolerance  to  the  local 
effects  by  progressing  slowly  to  the  stronger  compounds.  The  ferrous 
carbonate  can  be  given  to  most  patients  without  difficulty,  and  is  suffi- 
cicaliy  effective.  The  mo^-^t  suitable  form  and  dosage  are  governed  by 
individual  e.xperience.  The  daiiy  dose  should  correspond  to  about  o.  1  Cm. 
of  iron.  This  would  be  contained  in  about  5  or  (>  Blaud  pUk,  but  would 
require  30  to  350  Gm.  of  the  organic  preparations  [Morawitz,  IQ14). 
The  order  of  irritation  and  rfirietxcy  is  about  as  follows  (in  ascending 


i 


770 


ItANUAL  OP  PHARMACOLOGY 


order):  food-iron;  other  organic  irons;  reduced  iron  (in  powder  or  pills); 
ferrous  carbonate  (saccharatetl;  Blaud's  pill);  the  double  "scale"  salts; 
ferrous  sulphate;  ferric  chlorid. 

Reduced  iron  should  be  given  just  before  meals,  to  permit  the  solvent 
action  of  the  gastric  juice.  All  other  Inorganic  iron  preparations  <;hould 
be  taken  just  after  meals,  taking  care  to  prolt-cl  the  teeth.  The  incompati- 
bilities of  iron  must  be  remembered.  The  tendency  to  constipation  may 
be  met  by  aloes  or  other  laxatives. 

The  citrate  has  been  used  hypodcrmlcaUy,  ^o  mg.  id  55  solutjoo  daily.  It  is  cfficimt 
but  rather  painful.     Overdose*  cause  gastnc  irritation. 


IRON   PREPARATIONS 

Only  ihc  most  imp>orlant  preparations  need  to  be  studied.  It  may  be 
remembered  that  ferric  salts  have  a  reddish,  the  ferrous  a  grcciuBh  color. 
The  most  important  hicompaHbilities  are:  alkalies,  salicylates,  phenol. 

Organic  iron  preparations  had  a  brief  popularity  when  it  was  beUex'Cd  that  tnorguiie 
prrpaialiun^  were  not  abwrl>ed.  The  modern  conceptions  have  caused  tbcm  to  be 
practically  abaodotied,  except  la  lo  far  as  iron  foods  are  emphasized  in  the  diet  in 

anemia. 

PREPARATIONS — INSOLUBLE   IRONS 

Ferrum,  TJ.S.P.,  B.P.;  Iron. — Metallic  iron  in  the  form  of  fine,  bright,  and  non- 
elastic  wire.     Used  only  for  preparing  the  suits. 

'Ferrum  ReJucinm  (Ferr.  Reduct.),  U.S. P. -.Frrrum  Rrdatlum  (Ferr.  Redact,),  B.P.; 
Reduced  Iron  (Iron  by  Hydrogen;  Qucvcnne's  Iron). — Iron  reduced  to  the  metallic 
state  by  the  action  of  hydrogen  upon  ferric  vx\A.  Very  6ne,  graW&b'black,  luilcrleaa 
powder,  without  odor  or  taste.  Dose^  o.d6  Gm.,  i  gr.,U.S.P.;  olo6  to  0.3  Gm.^  t  lo  5 
gr.,  B.P.,  as  powder. 

Trock.  Fcrr.  Redact.,  B.P.— 0.06  Gm.,  i  jtr. 

'Ferri  Carbonas  Saccharalus  (Ferr.  Carb.  Sacch.),  U.S.P.  (Eisen-zucker). — Containf 
not  less  than  15  pcrccnL  of  FeCO*.  Made  by  precipitating  ferrous  sulphate  with 
5o<lium  bicarbonate,  and  ditulinK  with  milk-suKar.  .\  ("roe ninh- brown  powder,  gradu- 
ally  becoming  oxidized  by  contact  with  air;  odorless,  and  having  at  first  a  sweetkh 
afterwiird  <ilightlv  ferruginous,  ta^le.  Only  partially  &0I.  io  water.  Dost,  0.35 
Gm.,  4  gr,  u-S.!*.,  suspended  in  water. 

Ferrous  Carbonate  tends  lo  give  off  COi  and  absorb  oxygen,  changing  rapuUy  ialo 
a  basic  carbonate  and  &nal[y  into  ferric  hydroiid.  The  cnange  may  be  retarml  by 
the  addition  of  sugar,  as  in  pbaruoceulic  forms;  but  the^  should  always  be  prepared 
as  freshly  as  possible. 

'Ferr.  Carb.  Sacch.,  B.P. — Not  less  than  50  per  ceoL  of  Ferrous  Carbonate,  ptcMfved 
by  Glucose.     Dose,  0.6  to  a  Gm.,  lo  to  30  gr.,  B.P. 

Mist.  Ferr.  Co.,  B.P.  (Griffith's  Mixture).— About  0.7  per  cent. of  Ferrous  C«rboa«le 
in  suspension  in  flavored  water.  Must  be  freshly  prepaid.  Dase,  15  to  30  c.c,  \i  to 
t  ounce,  B.P. 

'Massa  Frrri  CarixmoHi  (Mass.  Ferr.  Carh.),  U.S.P.  (Vallet's  Mus}.— A  pni-nuk, 
with  not  less  than  4 1. s  percent,  of  FcCO|.     Dose, 0.35  Gm.,4gr.,  U.S.P. 

'Pil.  Ferr.,  B.P,— Pill-mass  with  22.5  per  cent,  of  FeCOj.  Dote,  0.3  lo  1  Cm-  t 
to  15  gr..  B.P. 

'J'il.  Ferr.  Carb.,  U.S.P.  (Blaud's,  Chalybeate,  or  Ferruginous  PilU).— o.cs6s  Gm, 
I  gr.,  of  FeCO»,  made  from  ferrous  sulphate  and  pot.  carb.     Deie,  1  pills,  U.S.P, 

Contrary  to  the  prevailing  imprcMion,  the  U.S.P.  Blaud's  pills  are  quite  stable,  and 
preferable  to  the  proprietary  substitutes  (Warren,  1015). 

Ferri  UydroxiAuM  Cum  Mognesii  Oxtdo  (Ferr.  Hydrox.  cum  Mag.  OiSd.),  C5J*. 
(Arsenic  .Vnlidote;  Ferric  Hydrate  with  Magnesia). — 40  c.c.  of  Solution  ol  Fcfric  Sol- 
phale  are  diluted  with  125  c.c.  uf  water.  This  is  added,  when  needed,  to  to  Gm.  of 
Magnesium  Oxid  or  300  c.c.  of  Magma  Magnesia  diluted  with  water  to  about  750  r  c. 

Atwa\-s  keep  the  diluted  solution  of  ferric  sulphate  and  magnesia  mixture  on  hand 
In  separate  bottler,  ready  for  immediate  use,  so  that  this  antidote  to  arsenical  p^mwip; 
may  be  quickly  prepared. 

Doif,  I  JO  c.c,  4  ounces,  U.S.P. 
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PREPARATIONS — COLLOIDAL   IRONS   AND       SCALE   SALTS 

tiq.  Frrri  Oxyihiorvdi. — A  colluitlal  solution  of  ferric  liydrojJtl  iii  ferrit  chlorid; 
ipprojcimalcly  FcCli  -f  8Fe(0H)i,  containing  the  equivalent  of  about  3.5  per  cent, 
of  meuillic  iron.     It  is  only  mildly  astringent.     Dose,  o.j  to  2  cc,  S  to  30  minitoa. 

Uq.  Ferri  Dialymtus.  (Dialyscd  Iron)— This  ts  a  similar  solution  from  which  the 
exce&sof  acid  and  chlorid  has  been  removed  by  dialysis.  It  has  the  same  iroo  content 
and  ia  less  astringent.     Dose,  H  t(>  ^  C-^-i  ^  Co  30  minims. 

Liquor  Ftrri  tt  Ammonii  Ac<iath  (Liq.  Ferr.  et  .Amraon.  Acet.),  U.S.P.  {Dashttrn's 
Mixture). — The  avcroie  dosf,  15  c.c,  4  drams.  U.S.P.,  contains  o.b  c.c.  of  Tr.  Fer. 
Chlor.,  sec.  of  Liq.  .Vmrnon.  .\cc[.,  Acetic  Acid,  F.lisir,  etc.     Must  be  recently  prejiared. 

*Ferri  ef  Ammonii  Ciiras  (Ferr.  ct  Ammon.  Cit.j,  U.S.P.  (Soluble  Ferric  Citrate. 
Ammonlo-ferric  Citrate). — .\  mixture  of  iron  citrate  and  ammoniuni  citrate  containing 
about  I J  percent,  nf  Fe.  Thin,  transparent,  garnet-red  scaler  willioul  odor  and  liuvin){ 
a  saline.  miEdl^-  ferruginous  taste;  deliquescent  in  moist  air.  Readily  and  completely 
sol.  in  water;  msol.  In  ale.  Dose,  0.35  Gm.,  4  gr,,  U.S.P.;  0.3  to  0.6  Gm.,  5  to  10  gr., 
B.P.,  in  solution. 

Vin.  Ferr.  Cit.,  B.P. — 1.8  per  cent,  of  Ferr.  et  Ammon.  Cit.  Dose,  4  to  16  c.c._ 
I  to  4  drams.  B.P. 

Fi^i./^Tr,,  BiP.^Prciiared  by  macerating  iron  in  Sherry  Wine.  Conltuns  the  equiva- 
lent of  o.ia$  to  oj  per  cent,  of  I-'e.     Diyse,  4  to  i6  c.c,  1  to  4  drams,  B.P. 

Ferr.  tt  Poi.  Tart.,  B.P.  (Femim  Tartara turn) .—Garnet  scales.  Dose,  0.3  to  0.6 
Gm.,  slo  10  gr.,  B.P. 

Ferr.  et  Quin.  Cit.,  U.S.P.,  B.P. — Contains  about  13.5  per  cent,  of  quinine  and  13.5 
per  cent,  of  Fe.     Dote,  0.35  Cm.,  4  gr.,  U.S.P.;  0.3  to  o.fi  Gm.,  5  lo  10 gr,,  B.P. 

*Ffrr.  Phos.,  U.S.P. — Ferric  phosphate,  made  soluble  by  the  pmenoc  of  Sod.  Cit.; 
corresponding  to  not  Ies5  thuii   11  per  cent,  of  Fe,     Bright  gieco  scales.     Freely  sol. 
in  water,  insol.  in  ale.     Dose,  0.15  Gm.,  4  gr'.,  U.S.P. 
lEl.  Ferr.  Quini  et  Stryeh.  Phosph. — See  Index.) 
(Syr.  Ferr,  Phos.  c.  Quin.  et  Strych. — See  Index.) 


PREPAJiAriONS — SOLUBLE    FEKROUS   SALTS 


Fit.  Fer.  lod.,  U.S.P.—  Each  pill  contains  Feli  corresponding  lo  not  less  than  0A» 
Gm.  of  ferrous  Fe.     Di»e,  i  pills,  U.S.P.,  contain  about  o.i  Gm.  ofodin. 

*Syrupu3  Perri  lodidi  (Syr.  Ferr.  lod.),  U.S.P. — 5  per  cent,  of  ferrous  iodid,  Feli. 
Pale  green  add  liquid  of  strong  iron  taste.  Very  susceptible  to  oxidation,  turning 
bfownish.  It  combines  the  therapeutic  properties  of  iron  and  iodids,  and  is  often 
prtsciibed  in  goiter  (a  drops,  twice  dally,  gradually  increased  lo  15  drops  three  limes 
daily;  Marine  and  Lenhart,  1911)  and  as  a  general  tonic  in  "scrofulous"  conditions. 
Awrage  dose,  i  cc..  15  minim.  U.S.P.,  contains  about  5s  mg,,  0.85  gr.,  of  iodln. 

*Syr.  Ferr.  lod.,  B.P. — 7  per  cent,  of  Felt.     Dose,  3  lo  4  c.c,  }■%  lo  1  dram,  B.P. 

Frrr.  Phastk.  Sacch..  B.P.— /lo  per  cent,  of  ferrous  phoiphale.  Fe,CPO*)j+8HiO, 
preserved  with  glucose.  Partially  sol.  ia  water;  sol.  in  HCl.  Dase,  0.3  to  0.6  Gro., 
5  to  10  gr.,  BP. 

Syr.  Ferr.  Pkasph.,  B.P. — i.;  per  cent,  of  ferrous  phosphate.  Dose,  a  lo  4  c.c, 
H  to  I  «lf»n».  B.P. 
K  Ftrri  Sulphas  (Ferr.  Sulph.),  U.S.P.,  B.P.;  Ferrous  Sulphate  (Green  Vitriol);  Iron 
^f  Proio-sulphale,  FeSO*  +  7H1O. — Large,  pale  green  crystals;  odorless,  valine  styptic 
taste;  effloresces  in  dry  air.  Fr«Iy  sol,  in  water  1 1:1.4),  practically  in.'^ol,  in  ak.  Dose, 
0.1  Gm.,  i^'i  gr.,  U.S.P.;  0.06  to  0.3  Gm.,  i  to  5_  gr.,  B.P.— The  crude  salt  Iscmploycd 
as  a  deodoriser  fat  fecal  matter,  but  is  not  germicidal. 

Fcrri  SiUphas  Cranulntus  (Ferr.  Sulph.  Gran.),  U.S.P. — ^ITic  preceding,  in  granuUted 
form.    Dose,  o.i  Cm.,  1,4  gr.,  U.S.P. 

*FtrriSul  phtts  Exsicfilns  {Ferr.  Sulph.  Exs.),  U.S.P.,  B.P. — Soprr  cenL  of  anhydrous 
FeSO^,  I  part  being  equivalent  to  about  1.5  parts  of  the  crystalline  salt.  Graxisb- 
white  powder;  astringent  ta^^te.  Dose,  a.o6  Gm.,  t  gr.,  U.S.P.;  0x13  lo  0.2  Gm.,  yi  lo 
3  gr.,  U.P.;  in  pilU,  often  with  aloes. 

Pit.  Aloes  et  Ferr.,  B.P. — 10  per  cent,  at  Ferr.  Sulplv  Exs.;  30  per  cent,  of  ;Vlocs. 
D&se,  0.15  to  0.5  Gm.,  4  lo  8  gr.,  R.P. 

^B  PREPARATIONS — SOLtTBLE   FERRIC   SALTS 

Ferr.  Chlor.,  U.S.P.;  Ferric  Chlorid  (Iron  Perchlorid). — Contains  FeClj  equivalent 
to  JO  per  cent,  of  Fe.  Very  sol.  in  water  (i:©-*)  t  aJc;  »oI.  in  glyc.  Dose,  0.06  Gm., 
■I  gr..  U.S.P. 


na 


UANUAL  OP  PHARMACOLOGY 


Liq.  Pen.  Cfdot.,  U.S.P. — 30  per  cent,  of  FeQj  or  10  per  cent,  of  Fe.     Dose,  0.1  c.c. 
t^  nunims,  U.S.P. 

Liquor  Fftri  Ptrckloridi  Forlis  (Liq.  Ferr.  Perchlor.  For!.),  B.P.     ao  per  cent,  of  Fe. 

Aw.  Ferr.  PerchS..  B.P. — 5  per  cent,  of  Fe.     Dase,  o.j  to  t  cc,  5  to  15  minims,  B.P. 

•TifKlura  FerriChioridi{Tr.VerT.CUor.),V.S.P.;Tr.  Ferr.  Perthior.,  B.P.;  Tmctare 
of  Ferric  Chlorid  (Tincture  of  Iron). — Nearly  15  percent,  of  FeClj,  or  5  per  cent  rrf  Fc. 
Prepared  by  mixing  the  Liquor  with  Alcohol;  the  U.S.P.  dirccUi  it  to  ftt^nd  three  monthi 
before  Ufning,  to  permit  (he  formation  of  esten;.  A  bright  ;imlH-r  ucid  liquid,  of  lUffaUy 
ethereal  odor  and  very  astringent  taste.  Miscible  with  water  or  aiconol.  Dtut,  a.t 
c.c,  8  minims,  U.S.P.;  0.3  to  1  c.c,  5  to  15  minims.  B. P.,  diluted.  Oflco  used  u  local 
astringent  in  tonsillitis  [equal  parts  of  the  tincture,  glycerin  and  water). 

Liq.  Ferr.  Subsuipk.,V.S.'P.  (Monsicrs  Solution;  Solution  of  Basic  Ferric  Solphatel.— . 
13-5  per  <^ct>l-  of  hasic  ferric  sulphutc.  Dose,  0.2  cc,  3  mininu,  US.P.  Uted  maiftljr' 
locally,  as  styptic. 

Ltq.  Ferr.  PerstUph.,  U.S.P.  (Solution  of  Ferric  Sulphate).— lO-s  per  cent,  of  Ferric 
Sulphate,  Fet(SO,)i. 

Uq.  Ferr.  Persulpk.,  B.P.;  Solution  o(  Ferric  Sulphate. 

Iron  iCkalybraU)  ifinrrat  iVaUri, — These  contain  the  iron  most  often  as  feme 
bicarbonate;  sometimes  as  sulphate,  oxid.  and  very  rarely  lu  chlorid. 


MANGANESE 

Occuirencfl. — Traces  of  manganese  iKcur  naturally  in  all  orgaiu,  in  ooan  and  \*arioaiJ 
animals,  its  presence  being  fiiirly  constant  in  the  same  species  (Bcrlrand  and,  Mcdixns' 
ceanu,  1912).  The  .imouni  in  wheut,  fur  iastance,  is  about  equal  to  the  iron,  aaa  ii.j 
Independent  of  the  raangunesc  percentage  of  the  soil  (Ucaddoa,  IQ15).  The  mao{^ 
o(  animals  is  derived  puclly  frum  ve^etal^e,  but  mainly  from  animal  food,  but  d< 
not  disappear  from  the  body  even  on  maneanesc-frec  food. 

Actions. — When  administered  by  mouth,  the  salts  of  this  melnl  (but  this  does  aoi) 
apply  Co  the  permanganates)  produce  no  noticeable  effect.     Manganese  is  at 
toaslight  degree  from  the  alimentary  catial,  being  dc[iosilcd  mainly  in  the  liver  and  kk 
oeys,  and  pushing  also  to  the  fetus  tx  ukra.     Its  excretion  begins  within  three  hour 
mainly  by  the  inte'^tine  (as  sulphid  in  the  feces),  and  the  hile;  but  the  urine  partidpal 
(Bargcro,  190O,  dog;  Piccinini,  1910].     It  appears  to  take  about  thcsame  course astra 
(Harnairk  ami  Schreii»er,  1901).     Bencdclti,   1906,  ami  ricrinini,  1910,   1911,  daa 
that  it  increases  the  reserve  iron.     Bencdetti  has  investigated  its  fate  by  sobcutaneooi'' 
injeriion  (citrate,  dog).     It  is  toxic  by  vein  (Bargero),  and  also  causes  fatty  degeoer*- 
tioD  of  the  liver. 

Manganous  chlnrid  accelerates  autul)-sis  when  added  to  excised  Iixtf:  perfaapa  bgfj 
converting  indigestible  proteins  into  forms  that  can  be  attacked  by  the  liver  etutynMr* 
(Bradley  ami  Mors*-,  lyis). 

Manganese  Toxicosis. — Chronic  poisoning  results  from  exposure  to  the  dust  of  any 
of  its  compounds  in  the  indu^trin.  ia  zinc  mines,  grinding,  etc     (Fmbden.  Casamajora/ 
1913;  Jaksch.  1913).     The  symptoms  are  nervous,  with  mental  and  ataxic  distutbaoct&jf 
The  prognosis  is  good  as  to  life,  kid  as  to  recovery.     'Fhe  cutulttioo  bus  not  been 
duceu  in  animals. 

PXEPAXATIONS — MANGANESE 

M^nptni  Dioxidum  Pracipitalum  (Mangan.  Dioi.  Pncc),  U.S.P. — Conwts  diie^y 
of  manganese  dioxid  (Mnl^j).     Prctmred  by  precipitating  Manganese  Sulphate  by  ' 
monia  in  the  presence  of  hydrogen  Dioxid.     Heavy,  fine,  black  powder,  without 
or  odor;  insol.  in  water  or  ale.     Dose,  0.15  Cm.,  4  gr.,  U.S.P. 

i'Poi.  Permang.—See  Index.) 


•       CHROMATES 

Uses.— Chromium  irioxid   (chromic  acid)  is  used  exteroaUy  as 
caustic.     It  and  ihc  chromalcs  have  some  loxicologic  importance, 
dichromatc  bcinK  u»:d  in  dyeing  and  in  "batter}*  Quids."     They  arc 
iniercsUng  by  producing  a  characlerisUc  nephritis  aod  glycosuria. 
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Rolipinslti,  tgo:  and  igoS,  reported  fnvorable  results  from  chTomium  sulphate 
(fl  gr..  three  to  four  time^  daily)  in  neurasthenia,  tabes  and  other  nervous  cooditiona. 
They  hiive  not  Ix-cn  adequately  confiTtncd. 

Juute  chronute  poisoniog  exhibiLs  corrosive  el!eets  and  nephritic,  with  death  in 
one  to  fortynaghl  hours.  The  fatal  dose  of  potassium  dichromatu  is  below  8  Cm.; 
of  cbrotoic  acid,  6  Gm.  Tlie  trratmeni  is  by  evixiiation  and  demulcents.  Chronic 
poiiomng  produces  local  itritation  [severe  dermatitis,  ulcers,  etc.)  and  nephritis. 

Vktri  arc  produced  by  chromatc  dust,  especially  where  the  skin  is  alrradv  injured. 
They  develop  slowly,  but  itre  ver>*  penetrating  and  heal  with  dltficutty.  It  also  cauau 
ukeralioD  and  perforation  of  the  nose. 

Pate. — When  iMchmm-iles  arc  jiivnn  by  the  mouth,  they  arc  reduced  to  cbromous 
o^id  and  partly  deposited  as  such  in  numerous  organs,  the  rest  being  excreted  by  the 
urine  {K:ippclcr.  i8^). 

Chromate  Nephritis. — Thi*;  is  produced  experi mentally  by  hypodermic  injection  of 
the  chromatcs.  It  is  mainly  tubular,  but  the  glomeruli  are  involved  first.  All  the 
phenomena  arc  simitar  to  uranium  (Including  retention,  glycosuria^  chronic  nephritis, 
etc.);  except  that  cdem.t  i^  not  common  (Ocrgcns,  1876;  IlcUin  and  Spira,  1897; 
SchUyer  and  Heduiger,  1907;  Ophuls,  i()o8;  .\ustin  and  Kbcnbrey,  1911;  R.  M.  Smith, 
iQtt;  Folin,  Knrsner  and  Denis,  iqu;  MacNider,  i\i\i;  Eisenbrey,  iQi3i  ^-  Franck, 
1913:  glycosuria,  Mosenthal  and  Schlayer,  itjij;  diuretics,  etc). 

PR  EP  ARATIONS— CH  R  OHATES 

Cbromii  Tricdidum  (Chrom.  Triox.),  U.5.P.;  Acidum  Chromkum  (Acid.  Chrom.), 
B.P.;  Chromium  Triould,  Chromic  Acid  (Chromic  Anhydrid),  CrOi. —  Dark  red, 
needle-shaped  crystals,  very  deliquescent  and  very  sol.  in  waler(i:o.6).  Exftpsivt 
with  all  organic  matters.  Used  as  a  caustic,  solid  or  in  solution  (t:i);a5  astnn^nt 
3  to  3  per  cent.);  for  urethral  injections  (i:a,ooo  to  4,000);  and  against  sweating  feet 

per  cent.}. 

Li^.  Ac.  Chromici,  B.P.,  2$  per  cent. 

Pfitassii  Bkhmmas,  B.H.,  KjCtiOj. — Large  orange-red  crystals.  Sol.  in  water 
(1:10).  Jncomfioiiltle  with  dcoho)  and  all  reducing  agents.  Doie,6  to  11  mg.,  ^{o  to 
K  STu  B.P.,  diluted  lagainat  gastric  ulcer);  locally,  1: 10  solution  against  rodent  ulcer 
ud  cancer. 
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ALUMINUM 


General  Statement — The  soluble  salt.s  are  strongly  precipitant  to 
proteins,  and  ihrrt-forc  astringent  and  antiseptic.  They  are  iLsed  exter- 
nally, aiitl  sometimes  against  diarrhea.  They  are  not  readily  absorbed 
from  the  alimentary  canal,  so  that  even  very  large  dosea  cau.se  only  local 
exudative  inflammation  (vomiting  and  diarrhea).  The  precipitates 
redissolve  in  an  excess  of  protein. 

The  quantities  which  may  be  dissolved  from  aluminum  cooking  vessels, 
even  by  dilute  acids,  are  too  small  to  be  of  any  importance.  Alum  baking 
powders  are  perhaps  more  seriously  objectionable. 

Absorption.  Distribution  and  Excretioo. — It  was  formerly  stated  that  aluminum 
salts  arc  not  ausorbcd  (Plagge  aQ>l  Lebbin,  i$9j}.  Gies  1911,  Sled,  igii,  and  Kabn, 
igii,  howevvr,  showed  that  considerable  absorption  occurs  even  from  biscuits  baked 
with  alum  baking  powder,  and  that  this  tends  to  accumulate  in  the  body.  The  I  ilr  is 
especially  rich;  the  parenihymalous  organs  retain  considerable;  the  brain  and  heart  but 
little.  _  A  part  is  excreted  by  the  urine  (Kahn);  the  remainder  by  the  intestines,  even 
when  it  was  injected  into  the  circulation  (Steel). 

On  the  other  hand,  the  Referee  Board,  1914,  found  no  utuminum  in  the  blood  after 
administering  to  men  i  Gm^jxr  day  for  four  da>*s. 

_  Delayed  aymptonu. — The  aluminum  compounds  spread  very  slowly  even  when 
injected  sulxrutaneously,  and  appear  to  penetrate  celts  with  great  di^cully;  for  the  symp- 
toms  appear  only  several  days  or  weeks  after  the  Injection  (Sicm.  itUSft),  at  a  lime  when 
the  metal  has  entirely  disuppearrd  fn>m  the  blood,  and  has  become  fixed  io  the  cells. 
The  symptoms  then  resemble  those  of  subacute  arsenic  poisoning.    They  never  occur 
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when  aluminum  salts  uri:  ^iven  by  mouth,  no  matlcr  in  what  dosrs.  nnr  hnw  tunc 
continued.  Kuth  und  Voegtlin,  IQ16,  found  that  prolonged  feeding  of  alumiouia  stlti 
toammjiU  produced  mainly-  gostro-iatestinal  irritatioD. 

AstringtHl  Action. — This  h;i5  been  sluilie<l  hy  [larineiti,  1914. 

P  H  EPAS  ATIO  NS — ALU  UI N  UU 

Aluntm  (Alum.),  U.S.P.;  Alumm  Putifuatum  ((\Jum.  Pur.).  B.P.;  PoUssiam  Alao 
(Aluminum  pQiassium  Sulphate),  AIKiSOji  +  i  jHiO;  or  Ammorium  Alum,  A1\H| 
(SOO1+12H.O. — Large  colorless  crystals;  strongly  ustrinKcnl  taste;  without  odor.1 
Freely  sol.  in  wulcr  ii:/.J|,  practically  insol.  in  jilc;  fmcly  sol.  in  give.  Intnmpatit^ 
with  alkalien,  carbonatesand  lead  salts.  Dose.  0.5  Gm.,  8  gr.,  IT.S.P.;  0.3  to  0.6  dm.; 
S  to  10  gr.,  B.P.  U»ed  as  gargle  (.t  to  5  per  cent.;  somewhat  injuriouK  to  Icctbj;  a» 
urethral  inicctiuo  (0.5  to  1  per  cent.);  and  as  skin  lotion  (1  per  cent.). 

'AluHttn  Exsiecatum  (.\lum.  Exsic),  U.S.P.,  B.P.  (Burnt  Alum). — Alum  with  «$ 
per  cent,  of  water  (of  crystallization)  expelled.     It  is  used  as  a  mild  caustic. 

Glycrrinam  Alumiitis  (Glyccr.  Alum.).  B.P. — 20  per  cent,  of  Alum. 

'LifuoT  AlutHtni  Acrialis  (,Liq.  Alum.  .\cct.).  N'.F..  (Burow*5  SolutJonV      \  *'-- ir 
COlorlrssMilutiun  cunt.iiningabaiut  5  percent,  uf  nrulTal  aluminum  acetate.  .M  ' 
Used  asu  mild  astringent  und  aotiftcptic.     A  i  percent,  dilution  is  said  to  In:  „..:,^|  .:c 
and  5  per  cent,  germicidal  (Kuehl,  1913).     For  application  to  the  skin  it  »bould  be  di* 
luted  nve  to  tftccn  times. 

Liq.  Alum.  Subactt..  N.F. — Contains  nearly  8  per  cent,  of  basic  aluminum  acetate, 
.\L(OIl)  (CtMjOi)t.  It  is  practically  cqui^-alcnt  to  the  preceding  and  is  umtU  in  ibc 
&ame  dilutions. 

Atumini  llydroxidiim  (Alum.  Ilydrox.),  U.S. P.— CbieBy  Al  (OH)i.  Prepared  by 
precipitating  a  boiling  solution  of  alum  with  sodium  carbooalc.  White,  bulky,  amor- 
phous iKiwcJer,  odorless  and  tasteless,  insol.  in  water  and  ale  Used  as  mild  aatringmt 
and  dcdiccant. 

BAKIHG  POWDERS 

These  are  chemicals  which  serve  as  substitutes  for  yea.st -fermentation,  a^ratiag 
bread  and  paltry  dough  b^'  evolving  carbonic  acid.  They  arc  uf  course  altered  in  thii 
process.  The  decompcisiuoii  products  are  partly  expelled  by  the  heat  of  baking.  Tbe 
Ixed  residue  a  the  part  which  could  conceivably  produce  pharmacologic  action, 

The  baking  powders  belonn  lo  four  chcmic  types  (Crampton,  1S89): 

I.  Cream  of  Tartar  Powders. —  Mixture  of  acid  potassium  tartrate  and  sodium 
bicarbonate.  Reaction:  KHCiH,0«  -f  NaHCOi  =  KNuC.UiOi  +  COi  4-  Hia 
Re&iduum;     1 1  Gm.  of  Rochelle  Salts  per  loaf  of  bread.     Innocuous. 

3.  Phosphate  Powders.— Calcium  super- phosphate  and  »odiam  bicarbonaie. 
Reartion:  CaHt{P04),  +  jNanCO.  =  C3HP04  +  NfljHPOi  +  jCOi  +  HK). 
Soluble  residuum:  3.5  Cm.  sodium  phosphate  jkt  loaf  of  bread.    Innocuous. 

3.  Alum  Piowderfi. — .\lum  (usually  ammonic)  and  sodium  bkatbonate.  Rea< 
(NII,)i.\Ii(SO*).  +  6NaUC0,  -  Al.tOH).  +  3  Na,SO»  +  (NH^^SO,  +  6C 
Residuum,  per  loaf  of  bread:  1.3  Gm.  aluminum  hydrate;  3.(15  Cm.  saxlium  sulpha 
I.I  Gm.  ammonium  sulphate.  The  aluminum  hydrate  i*  insoluble  in  water,  m  i 
stomach,  some  is  dissolved  by  the  hydrochloric  acid,  and  perhaps  by  the  proteins. 
Ciies,  191 1,  considers  this  seriously  objtciionable.  The  sulphates  are  praclicaJly  without 
action.  (The  addition  or  alum  whitens  pastry  baked  from  inferior  Boar.  Thu  fraudu- 
lent u*e  i*^  pruliibiliil  in  several  countries.) 

4.  Ammonium  Carbonate.— Decomposed  and  volatilized  as  NHi  +  CO|.  ExpcQcd 
so  completely  that  it  is  inactive. 

Some  baking  powders  are  mixtures  of  several  of  the  above.  They  are  often  diluted 
with  indifferent  substances  (starch,  etc.). 


CERIUM 

Cerium   rcscmWes  aluminum.    The   insoluble    Ccriam    Oxalate    is 
employed   against   vomiting,  csptxially  in  pregnane^'   (Simpson,    ij 
Mills,  187b),  bul  it  is  probably  useless.    It  is  non-toxic  even  in 
doses. 
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Since  cerium  oxalate  is  nut  absorbed  (Baxrhem,  190;),  its  action  must  be  entirely 
col  und  aaalogous  to  that  of  bismuth.  This  has  been  demonstrated  experiment ully 
Buehr  and  Wcsslcr,  1909:  They  found  thai  it  had  no  effect  on  central  vomitinjj 
iponiurphin),  but  lUiit  lurge  doAcs  delayed  vomitinn:  from  local  gastric  irritation  (ipc- 
esc),  Tney  al&o  showed  that  central  vomiiloK  was  nut  alTecte.1  even  by  ihe  soluble  and 
absorbable  cerium  nilrale.  The  systemic  effects  corresponded  to  those  of  Thorium,  but 
Ihe  metal  la  escreted  exclusively  hy  the  fcce^. 

^H  '  PREPARATIONS — CERIUM 

^y  Cerii  Oxalas  {Cerii  Oxal.),  U.S. P. — A  mixture  of  the  oxalates  of  cerium  Caboul  40 
per  rent.;  Coblentx.  i^io).  didymium,  lanthanum,  and  other  associated  elements. 
Fine  while  or  slighlly  pink  powder,  witliout  odor  or  taste.    Ia>ol.  in  water,  olc.  or  clh. 

f'lc,  0.2  Cm.,  3  gr.,  IJ.S.P.;  0,05  to  0.5  Gm.,  1  to  8  gr.,  a*,  {wwder. 
Crrittm  Hitrale  (soluble)  has  been  substituted,  in  doses  of  0.05  Gm.  or  Ies5,  but  is 
attonal. 


YTTRIUM  AND  ZIRCOKIUM 


Xfodymium,  Praesodymium,  Lanlkanum,  Ylirium  and  Zitccmium  {3*.  the  chlorids) 
also  precipitate  proteins,  and  the  observed  effects  can  l>c  attributed  to  this  reaction 
(antisepsis,  paralysis  uf  muscle,  etc.)  (DreyfuH  and  Wolf,  1905;  BaLhc-m;  llAbcrt.  1907; 
Hoebcr  and  Spaeth,  1914).  Their  oxalates  are  all  practically  non-toxic  by  mouth, 
even  in  enormous  du$cs  (50  Gin,  per  dog). 


BERYLLIUM  SULPHATE 


^^      Seaman,  1911,  found  that  this  .salt,  when  admini:^lGrcd  to  dogs  with  food,  resulted 
^RSpecially  in  nutritional  disturbances:  emaciation,  with  loss  of  .N,  S,  and  P.    Large 
^Pdoses  produced  vomitlnf;  without  acute  toxic  sympiurus.    Uypodermtcally,  it  cauwd 
local  edema  and  necrosis,     fnlravenoui  injections  were  markedly  mxic.  wilh  disturb- 
ancu  of  circulation,  respiration  and  temperature;  diuresis,  bloody  diarrhea  and  vomit- 
ing.    It  inhibits  the  action  of  digestive  ferments. 


THORIUM 


1^  The  chemk  effects  resemble  those  of  aluminum.  The  nitrate  of  thoriuffl  b  ouukedty 
istringent,  precipitating  proteins  and  rnagtdatinf;  blood.  Injected  hypodermically,  ft 
causes  -ulceration.  The  toxicity  ia  slight.  It  U  fairly  well  tolerated  by  the  stomach, 
very  targe  doses  heing  reauirt-d  to  profluce  vomiting.  It  is  not  absorbed  from  thealimcn^ 
tary  canal.  The  addition  of  sodium  citrate  prevents  the  coagulant  action.  When 
this  solution  is  injected  intravenously,  it  has  absolutely  no  effect  on  the  circulation,  or 
any  other  funciion.  even  when  0.35  Cm.  are  injected  per  kilogram  of  dog.  However, 
the  animals  remain  emaciated,  and  show  ulcers  of  the  ^ums.  When  kitk-d,  after  some 
wcelu,  an  extensive  calciltcalion  of  connective  tissue  is  noticed.  The  thorium  is  ex- 
creted by  the  kidneys.  The  solutiona  have  no  effect  on  the  excised  muscle  or  heart  of 
frogs  (Cnace  and  Gies,  Brown  and  Soilmann,  1905).  The  nitrate  was  tried  for  stimulat- 
ing ulcere,  but  did  not  prove  superior  to  alum.  The  oxalate  and  oxid  are  practically 
insoluble. 

The  thurium-s4Klium  citrate  solution  is  impervious  to  X-rays,  and  has  been  suggeated 

radiographic  work  (Burns  1015). 


RADIO-ACTIVE  METALS 


r 

■      General  Statement. — Thorium,  radium,  uranium,  etc.,  undergo  atomic 
Bdccay  into  a  iicrics  of  new  irlements  (etnanalion,  etc.).    This  decay  is 
f  accompanied  by  the  generation  of  rays  which  produce  irritant  or  destruc- 
tive effects.     Radium  itself  is  thus  used  to  irritate  or  destroy  pathologic 
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tissues.  The  milder  emanations  are  employed  especially  against  chronic 
joint  and  rheumatic  diseases.  Their  therapeutic  status  is  still  uncertain, 
but  the  oripnal  ejipectations  were  probably  too  optimistic. 


Nature  of  Radio-activitr, — Radio-activity  b  defined  as  "the  property  of  spontaiie- 

ouslyemittincradtaiionscapableof  pas»in|:tihrou|rh  plates  of  m^tnl  Andotnersul»taD(fs 
opaque  to  ordinary  light  and  having  the  power  of  discharging  eleclriBed  bodiai." 

The  rays  may  he  of  several  kinds: 

Cathode  rays  arc  produced  when  an  electric  discharge  i&  pa&sed  through  ■  higl)> 
vacuum  tulje.  Tliey  are  interpicted  «,i  negatively  charged  parlfdcs  (corpusde*  or 
electron*}  sent  off  from  the  cathode  with  ver>'  high  velocity. 

X-rays  (Roentgen,  t^s)  ^jv  produce<t  when  the  cathode  rays  strike  ihc  wait  of 
the  tube.  They  arc  believed  to  consist  nf  a  scries  of  pulscf  in  the  ether,  somewhat 
analofcous  to  li^nt,  but  sent  nut  at  irrefcular  intervals. 

Radio-active  Metals. — Active  rays  are  also  emitted  by  a  number  of  metals  of  hi|tb 
atomic  weii^ht,  und  by  their  compounds,  presumably  '^^  <he  couni^  of  the  dbintefratioo 
of  their  atoms. 

The  diiamry  of  radio-activity  started  with  the  obscr^'BtioD  of  Becqucrcl,  iSgA,  that 
uranium  salts  act  on  photographic  plates  through  black  paper.  .Similar  rays  were  i&- 
covcred  in  thorium  in  1898  by  Schmidt  and  &lme.  Curie;  and  in  the  Mine  >'ear  the 
Curies  discovered  polonium  and  radium. 

The  principal  radio-active  mctab  are:  thorium,  radium,  uranium,  and  some  at 
(ionium,  nnlonium,  etc.),  and  their  disinteftralinn  products.  Four  kihds  of  rays 
distinguished. 

The  alpha -rays  have  low  penetrating  power,  but  are  roost  eOicient  In  ionizing  j_ 
They  consist  proljably  of  postliwiy  charged  helium  eitoms.    They  represent  the  duib 
enerKy  of  mdialiuii. 

The  beta-rays  arc  more  pcnctratinc.  with  less  ionizinc  action.  They  are  coiMidered 
as  ncEative  electrons,  and  tht-refore  id^-nliral  irilh  Ih^  irnliiodr  r.fyi.cxrcpi  in  their  velocity. 
They  arc  also  identical  with  the  more  slowly  moving  delta-rays,  which  are  produced 
when  alpba-ra^-^  strilce  solids. 

The  ganuna-rays  have  the  highest  penetrating  and  the  lowest  ionizinf  pomr. 
They  are  tdettlical  vilk  the-  X-Rays;  i.e.,  they  consist  of  eiher  vibrations,  produced  by  the 
impact  of  the  beta  particles. 

The  ratio  of  thcsr  ravs  varies  for  the  Oiffercol  metals,  but  is  constant  for  Ibe  umr 
metal,  independent  of  its  combination  or  other  conditions. 

Disifltefiration  of  the  Radio-actire  Metals. — .\  spontaneous  disioteKrstioa  of  tbr 
atoms  characterises  all  the  radio-.ictive  elements,  and  u  the  cauM  of  the  diachargc  of  th^ 
ra>'s.     Thi»  tran^muta(i<.iii  ii  aUo  independent  of  external  conditions.     The  probable 
course  of  the  atomic  decay  for  thorium,  uranium  and  radium  is  as  follows: 

Uranium  minu-t  a  *  Ur.  X;  —  ^  and  7  ■>  Ionium;  —  a  and  fl  —  Radiitm;  —  m.  S 
and  T   =    Emanation    (Gas);    —  a  =  Radium  A  (Induceil   Radio-activity i    — 
Radium  B;  liule  radiation  =  Radium  C;  —  a,  ^  and  7  ~  Radium  D;  no  radi 
=  Radium  K;  —  ;*  and  7  =  Radium  F;  —  at  =■  (?  Lead  ?). 

Thorium  a  =  Mcsothorium;  —  (S  «  Radiothorium;  —  a  »  Thorium  X;  — 
Emaniiliiin;  —  «  =  Thor.  A;  — tf  "•  Thor.  B;  —  a  «>  Thor.  C;  —a  -   ? 

Emanation. — This  is  the  first  product  of  llie  disJntcp-ation  of  radium.     It  has  tl 
properties  of  a  coloricss  indifferent  gas.     It  dilTuses  through  porous,  but  not 
tight  containers;  can  be  condensed  into  a  liqLid  hy  low  temperature  and  voblilixiH) 
heat,  etc.    lis  chemic  prt^rties  resemble  the  argon  group.     \  simitar  gaseous 
lion  is  produced  by  thorium  X.     When  the  metals  are  subjected  10  high  tenipermi 
the  gas  is  driven  off  and  their  emanating  power  is  lost:  but  they  reco\'er  on  restiag, 
their  deterioration  proceeds. 

Raditmi  Emanation. — "  Radium  emanation  i^  continuously  given  off  from  aqi 
solutions  of  radium  «alts.  It  can  be  collected  as  it  escapes  from  the  solution,  draw 
through  the  use  of  the  mercury  pump,  or  by  i>ther  jiuitanlr  meiios,  quantitatively 
mined  by  cither  the  alpha-  or  gamma-ray  electroscope,  brought  into  solution  in 
for  intenul  or  external  use  or  be  set  free  in  an  emanatoriiim  for  inluilation  treatnmt.^ 
It  may  be  collected  into  small  glass  containers  and  this  used  in  place  of  the  appbcatora' 
described  under  surgical  use"  (X.N.R.). 

Decay  of  Emanation. — Tlie  emanatiorts  lose  their  acti\*ily  rapidly.     That  of  tboruim 
falls  to  one-half  in  one  minute  and  to  almost  nothing  in  a  very  few  minutes.     That  fr 
radium  (icr^ists  for  »>mr  days.     The  decay  b  due  to  the  change  of  the  cmanatJoo 
radium  .\  (induced  radio-activity)  or  thorium  A,  with  the  production  o(  alpha-njv 
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(charged  helium).  The  nitc  of  decay  'a  independent  of  extcnuil  conditions,  such  as 
temperature. 

mduced  Radio-activity. — Any  iubstiuice,  liquid  or  solid,  when  left  in  the  presence 
of  radium,  acquires  radiu- activity.  This  is  due  to  the  dcpubition  oi  u  nidio-Jictive 
substance,  "radium  A"  or  "emanation  X"  nn  the  surface.  This  .substance  is  formed 
by  the  decay  of  the  cmanBtion.  Its  quantity  is  extremely  Rttudl.  The  deposit  can  be 
removed  tlicmicalty  or  mecbuni'cally./.i.,by9andpaper.  It  also  decays  sitnilarly  to  the 
emanation  into  radium  B,  etc. 

Properties  of  Radium. — Radium  Is  a  bivalent  dement,  closely  related  to  barium. 
BerauM-  of  ic.^  chcmic  reactivity,  it  can  not  be  kept  in  the  metallic  state  and  is  therefore 
marketed  in  the  furni  i>f  its  salts,  especially  the  soluble  bromid  or  chlorid,  and  the 
insoluble  sulphate  and  carbonate,  It  is  gencrallv  mixed  with  more  or  less  of  the  corre- 
sponding bnriurn  »alts  and  )»  sold  on  the  buM&  of  its  radium  content,  as  determined  by 
the  radio-activity. 

Determinatioa  of  Radio-activlt;. — Thb  is  accomphsbed  by  measuring  the  iomzalion 
of  gases.  "  Thus  when  radium  is  allowed  to  act'  on  tnc  air  in  a  charged  gold-leaf  electro- 
scope the  air  becomes  ionized  and  therefore  a  conductor  of  electricity  and  h11owe>  the 
chairge  to  leak  out  causing  the  leaf  in  the  electro.^rope  to  move.  By  obsennng  the  rate 
of  movement  of  the  leaf  in  a  calibrated  apparatua  the  radio-activilv  can  be  determined  *' 
{N.N.R.). 

Units. — "Quontitica  and  concentrations  of  radium  emanation  are  expressed  in  terms 
of  "curies"  and  Mache  units.  A  "cjrie"  is  the  amount  of  emanation  in  ecjuilibrium 
with  one  gram  of  radium;  a  microcuric,  one  millionth  of  a  "curie,"  is  the  amount  of 
emanation  in  equilibrium  with  o.ooi  mg.  radium  and  isequivnlciit  toabout  7,^00  Mache 
uniu"  (N'.X.R.).  A  more  detailed  description  of  the  measurement  of  radium  cmana- 
tioQS  is  given  by  Stratlon,  1915. 

Radio-actrtre  Thorfum  Compounds. — Ordinar>'  thorium  gives  off  alpha-rays  aod 
changes  ini>>  inc«*o[h()riiara  (discovered  by  O.  Ilahn.  1907).  Its  chcmic  properties 
resemble  those  oj  radium  and  barium,  differing  in  the  intensity  and  p<iwer  of  radiation. 
It  giveii  off  beta-rays  and  changes  into  Kadiothorium,  and  this,  by  giving  o3  alpha-rays, 
passes  successively  into  Thorium  X  and  Kmunatiun.  The  Ihtirium  X  is  therefore  Uic 
principal  radio-acti\*e  product.  The  distribution,  excretion  and  effects  aredcscribcd  by 
Ptesch,  Karzag  and  Kcelman,  1913.  The  actions  and  theraiHiutIc  uses  are  in  alt  re- 
spects similar  to  radium.  It  is  less  etricient,  but  much  cheajier  (Schvrarx  and  Zchner, 
1912;  Falta  and  Zehner,  IQ13;  Gudzent,  tqi;).  Letloux  and  Lebard,  tgrj,  consider 
mesolborium  even  better  than  radium  against  malignant  tumors,  and  believe  that 
thorium  X,  because  of  its  richness  in  alpha-rays,  h  especially  suitable  for  internal 
medication. 

»  Biologic  Effects  of  Radium  Rays. — Expwsure  to  radium  affects  all 
living  cells,  similarly  to  X-rays.  The  tissues  differ,  however,  in  their 
relative  susceptibility  to  the  different  radiations.  According  to  the 
dosage,  the  results  are  Irritant  or  distructive.  In  higher  animals,  the 
irritation  grades  «from  hyperemia  lo  destructive  inflammation  (Biblio- 
graphy, Loewenthal,  1912;  Hussakoff,  1Q07). 

Intact  Animals. — Continued  eicposure  of  mice  (London}  produces  in  three  or  tour 
days,  nervous  depre^iion  terminating  in  coma.  In  rabbits,  llie  symptoms  begin  in 
tVO  weelcs  and  last  many  months.  They  consist  in  loss  of  hair,  ulceration  of  the  skin, 
nervous  changes  simtliar  to  thasc  in  mice,  and  scxuial  impotence.  In  man,  overexposure 
has  produced  ptrsi'^tcnt  diarrhea,  vnmillnK.  general  weakness,  and  coma. 

The  susceptibility  of  the  individual  organs,  according  to  Horowitz,  is  greatest  in 
the  central  nervuus  s>'stcm,  lymphatic  tissues,  sexual  glands  and  liver.  It  is  leas  in  Ihc 
kidneys,  >uprarenals,  carlibgc,  muscle,  and  vessels;  least  in  salivary  glands,  pancreas 
and  mucous  membranes. 

Central  Nervous  System, — Obcrsleiner  found  the  following  symptoms  in  mice  which 
died  after  three  to  five  weeks'  exposure  to  radium:  cnnvuUions;  forced  movements; 
motor  restlessness;  paralysis  of  individual  extremities;  ataxia;  para]>'5is  of  sphincters; 
trophic  di5turb.inccs.  The  autopsy  showe<l  inll»mmatory  changes  of  the  entire  nervout 
axis,  with  the  deccncrative  lesions  in  the  nerve  cells. 

Sexual  Organs. — The  iipermatozoa  of  guinea  pigs,  when  exposed  to  radium  in  vitro, 
soon  lose  their  motility  (London  and  Goldberg}.  The  testes  of  exposed  guinea  pigs 
show  atrophy,  degeneration  of  the  epithelium,  and  nbsence  of  spcnnatozoa  (Albera- 
5choeDt>erg:  London^  Frieden).  The  ovaries  exhibit  analogous  changes  (Halber- 
stadter;  London). 


cspedaUy  EtroQgly.     fnflammator>-  cbiu>so  ur 

falBfiis,  ntMcDleric  gland«,  etc.   (Heincke;   Luoidoa). 

and  iocrea&e  Tbe  connective  lu&ue.     The  leucocyia 

tj  X-rays.     Il  is  not  known  whether  there  is  iocreaKd 


■iection  of  solubie  radium  salts  produced  rapid  tocreuc 
rM«u«l  weeks.    The  hemoglobin  did  not  rise  as  roucb. 

by  tauil  dose«  but  dimimshed  by  brae  (Brill  aod 

^ac^cofpascles  ire  bemoly'tcd,  and  mctbctDogloDin  b  formed 

vilb  X-n>-s.  radium  and  thorium  X  caoM:  at  least  a  tcm- 
Howcver,  thorium  X  also  decreases  tbe  ml  corpufr- 
chuiges.    1 1  should  not  be  used  where  such  lesion 

■c  **— T**"'  with  X-rays.    After  a  quiescent  period  of  about 

W^n,  and  re^mble  »unbum;  with  increase  u(  pigmcot;  lubc- 

itlML    This  ntjy  «.u1>%i<Je  in  :i  (ew  daj's  with  a  little  scaling, 

Googiestlan,  vesication  and  loss  of  hair.     The  blisters  rupture, 

'  with  necrotic,  diptheritic  membrane.     This  m;iy  progrct* 

paSatvl  ulceration.     Selective  destructive  changes  occur  in  cu- 

and  sarcoma  (Puftcy,  191 1). 
if  dM  SUn  show   dilution,  emigration   o(   leucocytes;   later 
■Dd  extravasations  (Thics). 
■MBlkanutn  00  tbe  vessels  of  the  rabbit's  ear  were  studied  by  Kicker, 

, — This  is  hindered  in  the  ovu  of  lower  anionab,  as  also  hi 

t  and  seeds  are  killed. 
-Thrmysare  rather  feeblybactericidal,  the  alphjL'ra>'S  being  must  effective. 

injured  (Goldberg). 
t.    JMMjfTis  b  iturreased  (Neuberg).     Other  ferments  differ  in  suscepti- 
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of  Lecithin. — Schwartz,  t904>  olncrved  diuxiloration  and  odor  in 

ik  «ap.  suggesting  decomposition  ol  lecithin.     This  occurred  aI»o  in 

iltfenvd  thb  to  stimulation  of  autolytic  ferments;  but  Mcsemitzky 

itioo  even  in  boiled  yolk.     Werner  and  .Vscher,  iqii,  confinoed 

__        .  Ufl  showed  that  the  injection  of  decomposed  lecithin  or  cb<^ 

ttn^Kcd  dcgmerative  cbaoges  analogous  to  the  ray4jn  ibe  blood,  tetin, 

rewlts  were  also  obtained  with  tumors.  ^Tht  same  effects  are 

|w  >VT*'f""  X.    This  also  decomposes  proteins  and  nracts  with  maoy  other 

^liMaccs  (Falta  and  Zebocr,  igis).     Fernau  and  Paul!,  1915,  find  that  the 

1.^  pMleiBS  by  radium  rays  resemble  those  of  heat  coagulation. 


^M^jlni  Um&  of  Radium. 


-These  are  em 


iployed  for  orodudng  1 
in  skin  lesions,  biru^-i 


inflaiD- 


^■^t  w*\-tii)ti  or    Ucitruciion  of   tissue  in  skin  lesFgns,  birih-marks, 

^   ctHiHcliomu  and   other   accessible   lumors.   malignant   or   benign 

,  .1^,  bcc«>t.  neck,  etc.).    Beeper  structures  may  be  reached  by  fillcr- 

•w  |«iunui'rays  through  at  Iea5^i  3  mm.  of  lead.    Nearly  all  pathologic 

L*r*  tJHtfv  sensitive  than  normal  (issue.     The  efficiency-  is  due  to  uic 

ymmma-rays,  which  are  proportional  to  tbe  radium  content  of 

T^ifftcal  i^mlication. — The  dosage,  etc.,  h  still  in  an  experimental 
^,..  Hi-»»\  >  iK**c-i  arc  usually  employed  for  epithelioma  and  dcrp  work 
•.  t^^  tiUvrexl);  and  lighter  doses  for  the  oilier  conditions. 

-n  --ivt  in  Cancer. — They  are  said  to  be  useful  in  cutaneous  epithriioma  ami 

it,  iuo|)cr4ibk  cancers;  but  useless  in  deep-»eatcd  or  widely  dtsaemi- 

..  .V,  igt.t).     The  use  of  mesolhoriuro  in  cancer  is  discusned  by  Buran. 

«J  Radlun. — After  oral  administration  of  insoluble  radium  salts  (sulpbato) 

%***  >lii(r*tive  tract  it  strongly  radio-active;  tbe  other  organs  and  tbe  urtDC 

tiii^v^.     With  solubli-  prep&mliona,  orally  or  bypodermically,  the  cstrelun 

'  by  thr  tmatt  and  large  intestines,  and  by  the  lungs;  Utue  by  the  urUkc, 
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tnd  Done  by  the  liver  and  skin.  The  excretion  of  the  soluble  preparations  is  prompt; 
it  b  very  slow  after  the  injection  of  the  insoluble  salts  {E.  Smith  and  Bellingham,  191?; 
Brill  and  Zchncr.  1913}.  The  cmanaUon  has  a  hitth  lipoid  coefficient,  and  is  distributed 
iQ  the  or}{sns  in  pntportion  to  its  solubility  (KnaOI-Iyenz.  191  2).  With  inhalation,  the 
amount  in  the  blood  increased  with  the  time  of  erposure.  The  excretion  is  npJd,  es- 
pecially by  the  expirrd  air,  and  partly  by  the  urioc. 

Biologic  Effects  of  Radium  Emanation. — Large  doses  produce  toxic 
effects  essentially  identical  with  those  of  radium.  The  toxic  dose  for 
man  has  not  been  determined.  The  actions  are  greater  hy  inhalation  than 
by  hypodermic  administration.  With  the  smaller  (therapeutic)  doses, 
the  effects  are  somewhat  different. 

InhftUtion  of  Large  Doses.— This  leads  to  dyspnea  and  depression  (but  no  true 
narcosis),  Icrminiitiny  in  death.  The  autopsy  shuwa  widespread  liypereraia,  with  bia- 
tologic  cbangps  in  the  brain  cells,  and  Id  a  less  degree  in  other  central  nerve  cell?.  Tlie 
emanation  hcmolyzes  the  blood  of  guinea  p\g6,  but  not  of  rabbits.  It  decomposes 
lecithin  { KDalll-l.enz,  191;;  Poubson,  1908). 

Effects  of  Therapeutic  Doses. — The  activity  of  autolylic  fermettts  is  increased; 
diastase  is  first  hindered,  then  augmented;  pcptsin  and  trypsin  arc  augmented.  There 
is  Utile  bijfterUuliil  arlivn.  The  rmliryorul  devrJapmrnt  of  lower  animals  and  the  growth 
of  plants  is  hastened,  tn  healthy  man,  the  hncoc\ies  are  first  increased,  then  dimin- 
bhed.  The  coaguhhility  of  ike  blood  is  promptly  and  markedly  raised.  The  hUtod  pra- 
ttrt  Is  generally  lowered  10  to  35  mm.  (Locwy  and  Plescb),  so  that  the  work  of  the 
heart  is  diminished.  This  is  attributed  to  vajio-motor  dinner j.  The  liyprtolic  action 
which  »  often  observed  may  he  due  In  modifioations  in  the  cerebral  circulation.  The 
/rct'i  kenrt,  {icrfuscd  with  activated  Kinscr's  solution,  is  slowed  with  increased  diastole 
and  irreEiiI.nritic*;  small  doses  are  sometimes  stimulant  {Maafj. 

In  rheumatic,  gouty  and  chronic  inllammatory  conditions  the  emanation  treatment 
often  causes  a  "rctulian"  consisting  in  an  exucerltution  of  (he  inflammatory  symptoms. 
This  occurs  after  a  few  days  of  treatment,  and  subsides  spontaneously  if  the  treatnKDt 
is  continued. 

Unt«  Metabolism. — Investigations  with  modem  methods  ha\-e  failed  to  show  any 
effect  on  the  uric  acid  of  the  blood,  by  radium,  intravenously  or  by  inhalation  (Kinc 
and  Chace,  1914).  Le^s  perfect  methods  led  to  Ihe  grner.-il  heUrf  tnat  the  inhalation 
of  emanation  leads  to  increased  etimiimiiun  of  uric  afid  .ind  purin  ba»e^,  endogenous  as 
well  as  exogenous;  that  thi.>t  is  followed  by  the  disappearance  of  urate  dep<isits.  tophi 
or  arli6cial  (Fofanow);  and  that  in  gout,  the  uric  iiriil  di.'utitpcani  from  the  blood,  itflen 
with  subjective  improvement.  Abl.  1913,  also  claims  increased  elimination  of  endog- 
enous unc  acid  by  thorium  X.  The  mei-hanism  of  these  effects  (if  they  occur)  is  not 
established. 

Gurlzent  claimed  that  radium  D  (formed  from  the  emanation  but  not  from  the  rays), 
converts  in  the  test-tube  the  lactlm  urate  into  the  soluble  isomeric  lacum,  and  then 
into  NHt  and  COi.  Falta  and  ZcHner,  1912,  claimed  tbut  thorium  X  also  increase?'  the 
solubility  of  urates  and  destroys  uric  acid.  Other  observers  (T,aairus;  Knaffl-I^nz  and 
Wtechovvski,  1912)  have  been  unable  to  confirm  the  destruction.  Lazarus  attributes 
Gudzenl'e  results  to  mould  fungi. 

Kaplan,  tQii.claims  that  o/xd/iitcrd^ftumizulcr  decreases  the  uric  acid  and  increases 
the  purin  hase4i:  Staehelin  and  Mnasc,  191 3,  fttbrm  that  these  alkaline  waters  diminish 
the  gan  metabolism  in  hc.iUh,  but  not  in  gout. 

Therapeutic  Use  in  Gout— Favorable  effects  are  clauned.  In  roost  cases  the  treat* 
mcnt  brings  on  an  acute  attack,  generally  mild,  in  the  first  six  to  fourteen  days  of  treat- 
ment.  Improvement  sets  in  after  three  to  fuur  weeks,  parallel  to  the  disappearance 
of  urates  from  the  bkxMl.     Cases  with  anatomic  lesions  are  rot  so  favorable. 

Therapeutic  Use  in  Arthrites.^ Emanation  treatment  is  said  to  be  markedly  success- 
ful in  chninic  joint  and  "ihcumatic"  lesions,  sciatica,  tabes,  pain.  etc.  The  main  effect 
is  on  the  pain  but  the  inflammatory  phenomena  are  also  decreased.  The  improvement 
is  often,  but  not  always,  preceded  by  tiic  "reaction"  a  flare-up  of  the  inflammatory 
nymptora*  (Luewenthal;  FuerslenlK-rg).  The  late  fibrous  and  anatomic  changes  arc 
not  removed.  The  results  are  therefore  better  in  cariy  cases  and  in  young  subjects. 
Acute  arthritis,  arthritis  deformans,  and  luetic  or  tubercular  lesions  arc  not  oflecled. 
Progressive  poly.irlhrilis  and  chnmic  m>-algia  react  well. 

This  W85  the  first,  and  is  probably  the  most  successful  use  of  the  emanation  (Locw- 
cnthal;  Laqueur).     The  mecnaniftni  of  the  action  is  not  explained.     It  may  be  mainly 
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analgesic;  but  Gudzent  a&sumcs  a  direct  effect  on  the  inflamiaatton,  actlvalioaj 
autotytic  ferments,  ami  ^■nerul  increase  of  mclsbolic  processes. 

Admimstratioo  of  the  EmaiuitiOD. — This  can  be  earned  out  properly  only  in  specuOy 
equtp|>cd  hospitals.  "It  may  Ik  adminiiitcrcd  as  baths,  by  subcutaneous  iajectioa  in 
the  neighhi^rhood  of  an  involved  joint  (0.05  to  0.5  microcune  in  1  or  7  c.c.  dt»til)ed 
water),  by  local  application  as  compresses  (5  to  10  microcuri»),  by  mouth  as  a  drfaik 
cure  (in  incrcisinR  doses  of  from  i  to  10  microcuries  three  or  more  times  a  dav],  by 
inhalation,  the  patient  for  two  hours  daily  remaining  in  the  emaniloriuin  whicn  coo- 
tains  0.0035  to  0.35  (average  0.1)  microcurie  per  Liter  of  air"  (N.N.R.). 
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General  Statement— The  inorganic  silver  salts,  especially  the  nitrate 
arc  used  to  produce  astringent,  caustic  and  antiseptic  effects.  They  (onn 
resistant  precipitates  with  proteins,  so  that  their  local  action  is  easily 
controlled.  The  toxicity  for  higher  animals  is  very  low,  and  the  anti- 
septic efficiency  is  high.  In  the  presence  of  the  tissues,  silver  surpasses 
mercury,  since  the  protein  compounds  of  silver  are  also  antiseptic.  These 
may  be  used  directly  when  antiseptic  action  without  irritation  is  desired. 

Silver  is  not  absorbed  in  sufficient  quantity  from  the  alimentary  canal 
to  produce  sj-stemic  actions.  Because  of  its  precipitation  by  proteins  and 
chlorid,  even  large  doses  of  silver  nitrate  rarely  produce  serious  poisoning. 
Long-continued  use  results  in  blackish  discoloration  of  the  skin  (argyrism) 
by  the  deposition  of  silver  particles,  probably  organic.  Trace*  roust 
therefore  be  absorbed. 

Argyrism. — ThU  develop;)  gradually  after  proloofced  internal  or  external  use  of  aQver 
when  the  total  dn«  has  reached  15  to^oGm.  Since  silver  is  nowrarely  used  intbisway 
the  condition  is  infrequent.  *  It  has  been  produced  by  the  application  of  silver-contais- 
ing  hair  dyes.  Argynsm  cnn&ists  in  a  blui^h-bluclc  diMrdloration  of  the  skin,  especially 
where  exposed  to  lighi;  and  of  internal  organs  and  mucous  mcmhr^ncs  (Frommano. 
11^57;  Ricmer.  1876).  The  black  granules  do  not  consist  of  melallii.  mIvct.  (or  they  are 
ea&ily  soluble  in  KCN.  and  difhcultly  in  concentrated  nitric  acid.  In  the  skin,  they  arc 
situutcrd  in  the  conni.xtive  tissue  of  the  cerium,  and  remain  indefinitely.  No  lilver  caa 
be  demonstrated  in  ths  urine.  The  ano'iT^m  do«  not  give  rise  to  other  symptoms.  la 
animab,  silver  dcspoaition  has  also  been  produced  in  interoal  organs,  but  not  ia  th* 
akin. 

Systemic  Actions. —  These  are  never  seen  in  man  but  may  be  produced  in  animals  by 
the  injection  of  non-i^recipitant  silver  solutioo^  (AgCl  in  sodium  tbiosulphaie.  Gachl- 
gcns,  1S90;  colloid  .*\rCI  or  .\gl,  Gros,  igia).  The  actions  arc  mainly  on  the  cantral 
nervous  s>'5lcin,  consisting  of  |^ral)-$es  and  5pa&m<>,  beK>'>raing  in  the  lower  extremities; 
disturbances  of  respiration;  and  fall  of  blood  prci'.'iurc  (paralysis  of  vasomotor  center?); 
•omettmo  diarrhea.  The  secretion  of  broncnijl  mucus  is  greatly  increased,  probably 
by  injury  to  the  epithelium,  and  may  lead  to  af^phyxia.  Death  occur*  u^uallv  prorapdy, 
by  paralysb  of  respiration;  the  diaphragm  being  paralyzed  before  the  other  respira- 
tory muscles.  The  heart  is  but  little  aiTccted  and  may  beat  after  death.  In  frop« 
the  paraljrsis  is  preceded  by  convulsions  (Ball,  1865;  Jacobj.  1877;  Gaehtgens). 

Ckronic  syitfmic  poisoitiiif  shows  changes  in  tbe  blood  corpuscles;  dbturbuKKs  el 
metabolism;  cloudy  •■welling  of  the  heart  and  skeletal  muscle;  and  fatty  dcgeneratioa 
of  the  liver  and  kidney  dlogoslowsky). 

Therapeutic  TTse  of  Silver  in  Iferrous  Diseases.— (trtsanity,  Epilepsy,  Etc)— This 
was  a  survival  of  the  fantastic  teaching  of  the  middle  ages,  when  it  was  based  oa 
its  dedication  to  the  moon,  and  the  supposed  connection  of  the  latter  with  Innacr- 
Although  it  is  absolutely  proved  that  silver  can  not  be  absorbed  in  araotints  sufidaat 
to  have  any  actioti  whatsoever,  it  has  been  tried  again  and  again  afuut  aU  focim  o( 
nervous  disease,  with  uniformly  negative  results. 

Local  Astringent  and  Caustic  Action.— -SQver  nitrate  acts  as  astriiigcnt, 
irritant  or  caustic,  according  to  the  strength  and  duration  of  its  applica- 
r  "■£  surface  first  turns  white,  then  gradually  gray  and  black  t^  (ke 
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reduction  to  metallic  silver  and  oxid.  The  nitrate,  fused  into  pencils 
("Lunar  caustic")  is  used  in  substance  for  the  removal  of  warts,  etc.. 
and  the  stimulation  of  ulcers  and  granulations.  The  pencils  should  be 
moistened  before  use.  Solutions  arc  employed  for  their  astringent  and 
antiseptic  action  in  acute  and  chronic  catarrhal  inflammations  of  mucous 
membranes,  in  the  following  concentrations: 

Ordinary  conjunctivitis,  o.;  to  i  per  cent.  Disinfection  of  conjunctiva  (preveDtloD 
of  ophthalmu  neonatorum),  a  drop  of  3  per  cent.,  followed  in  a  few  minute:^  by  normal 
Mtioe  to  arrest  the  actinn.  Larynx,  ;  to  10  (>er  cent.  Urelliritis  (gunorrlK-al  ur  otiier), 
irrigatioo  with  1:10,000  to  i:a,ooo.  Cystitis  irrigation  with  1:5,000.  (iastric 
douche  (h>'pcrchlorhydria  and  ulcer),  1  :  j,ooo  to  1  : 1,000,  followed  after  two  minutes 
b/ sodium  chlorid  <i(iluti<)n. 

Penetration  of  Silver  Nitrate. — Contniry  to  ihe  prevalent  opinion,  ihe  action  of 
silver  nitrate  extends  quite  deeply,  since  It  forms  easily  soluble  double  &altft  of  silver 
albuminatrs-sodinm  chlurid  in  the  tissues  (Unna,  Schumacher,  iv^ij). 

Antiseptic  Concentration. — i:  i.ooois  fatal  to  bacterial  cultures  in  five  minutca; 
1  :  So.ooo  in  bloo<t  scrum  has  a  di'itinct  inhibitory  cflfctl. 

A  watery  solution  of  silver  phosphate  with  cthylendiamin  Li  said  to  be  more  pene- 
trating, which  would  be  an  advantage  especially  in  urology;  but  it  wcms  to  be  loo  irri- 
tant (Kraenkel).  It  is  marketed  as  argent^imin,  X.N.R.,  corresponding  to  ro  per  cent. 
of  silver  nitrate. 

The  mucous  membranes  should  always  be  cleansed  before  the  Silver  is 
applied.  The  solutions  must  be  made  with  distilled  water.  The  acdon 
may  be  stopped  with  sodium  chlorid. 

Silver  PlUs, — Pills  nf  silver  nitrate,  10  to  10  mg.,  }^  to  )^  gr.  (made  viih  kaolin  and 
pctroiatum),  arc  sometimes  u.<ied  in  gastric  ulcer,  etc.  There  ii  probably  a  slight  local 
action  before  the  silver  is  precipitated,  and  after  it  is  dissolved  oy  protein.  The  oxid, 
0.03  to  0.1  Gm.,  V-j  to  I  4.'  g'  ■  "^sy  be  similarly  employed. 

Protein-silver  Compounds. — A  number  of  these  products  are  on  the 
market,  such  as  Ar^yrol  (with  vitetlin,  20  to  25  per  cent.  Ag.);  Ar^onin 
(with  casein,  4  per  cent.  Ag.);  Protargol  (with  alburaose,  8  per  cent.  Ag.); 
Largin  (with  protalbin,  11  per  cent.  \%.).  The  compounds  retain  con- 
siderable of  the  bactericidal  properties  of  silver,  but  are  non- precipitant, 
penetrate  more  deeply,  and  are  practically  non-astringent  and  non-irri- 
tant. The  absence  of  these  qualities  may  be  desirable  in  some  cases,  while 
it  is  a  serious  drawback  in  others. 

They  are  u&ed  in  gonorrhea  (0.1  to  2  per  cent.);  conjunctivitU  (0.5  to  s  per  cent.); 
nose  and  throat  infections  (3  to  10  per  cent.);  etc. 

The  prnilucts  usually  dissulve  slowly  in  cold  water.  The  solutions  decompose  on 
exposure  to  light. 

Freshly  precipitated  sUvtr  indid  was  recommended  by  Sitcr  und  Uhlc,  1905;  but  has 
not  come  into  general  use.  Thum,  191^,  gives  a  formuLi  for  concentrated  solution  of 
Mlver  io<lid.     Cotioid  fitter  was  discussed  under  "Colloid  Nfetab." 

Toxic  Actions. — Silver  nitrate  to  o.or  or  o.i  Gm.  by  mouth  produces 
no  symptoms.  Swallowing  pieces  of  the  pencils  up  to  2}^  Gm.,  is  also 
often  inoffensive.  Larger  quantities  cause  acute  gastritis.  The  fatal 
dose  would  be  above  10  Gm.  fLewin);  even  30  Gm.  have  been  survived. 
The  treatment  would  be  by  ftodlum  chlorid  and  demulcents. 

PREPARATIONS — SILVER 

*Argentilfilras  (Atg.  Xit.J.  D.S.P.;  Argent.  Nit,  B.P.;  Silver  Nitrate  (Lunar  Caustk); 
AgNOi. — Colortcu  crystalltDe  tables,  becoming  gray  to  black  on  exposure  to  light  in 
the  presence  of  organic  matter.  Odorless;  metallic  taste.  Very  sol.  in  water  ( i  :  0.4}: 
soL  in  ale.  ( 1:30).  I neom palible  vrithcblonds,^  bromids.  iodids;  carbonates  and  bydrox- 
Kb;  onanic  drugs  and  reducing  agents.  Dose,  lo  mg.,  H  S^'i  l^-S-P.;  16  to  JO  mg.* 
K  to  H  g'-i  B-P-  Maximum  dose,  30  mg..  H  P- 
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'  ArgaUi  XilrasFutM  iArg.Xtt.?xa.),VJS.P.;.\IouUtd  Silwr  yiiriUf\SticklU\atki. 
— AgNO>,  fused  and  moulded  into  pencib.  A  small  qunnlity  of  .\gCI  is  added  ta 
loufthen  (he  mm. 

*  Argcnli  .Mtras  Indwalm  (.\rgmt.  Nit.  Indur.),  B.P.;  Touihmed  Caustic, — Cbatmiat 
S  per  cent,  nf  KNOi. 

Arienti  \ilrtts  Miligaiiis  (.\rgcQt.  Nil.  Milig.).  B.P.;  Xlitiiaitd  Causik. — Conuiu 
t  port  AgXOi  and  -'  part*  KN'O*. 

Arferui  Ortiium,  Arg.  Oxid.,  t*.S.P.;  Ag«0. — Hca\*>',  dork  brovmab-bliickjpoiMleT; 
odorless;  metallic  lastc.     Very  slightly  sol.  in  water.     Dote,  o.<y<  Gm,,  i  gt^  U.S.P. 

*  Areeali  Proteinas  (Argent.  Protein.). — ProtiUgol,  eic-,  are  described  in  N.N.R. 


GOLD  AND  PLATINUM 

Gold  and  platinum  arc  %xi\\  more  easily  reduced  to  the  metallic  slate  than  a  tilwr, 
and  iire  themore  devoid  of  general  action  wheo  taken  by  the  mouth.  When  injected 
into  the  circulation  they  produce  an  arsenic  action.  (Gold,  Sdiultz,  iSqj:  Platinum, 
Rcbler.  187.S;  Cohn?.tcin.  iSgj). 

Gold  cyanid  wo^  advised  af^aimt  tuberculo&b  and  scrofula  by  Chrc«tirn,  1851. 
It  fell  into  dbuw,  but  has  again  been  resuscitated,  with  doubtful  justit'icati^m.  Brua 
and  Gluevlc,  1913,  claim  succesiiful  results  from  intravenous  injection  of  gold-pviaseic 
cyanid  (especially  when  combined  with  tuberculin!)  in  lupus;  also  in  lyphilts,  though 
inferior  to  salvar&an.  Hauck,  iqm.  however,  reports  a  fatal  mulu  Futtber  refer- 
ences in  Merck's  Report,  Vol.  XXVII. 

PKEPARATIONS — GOLD 

Auri  tt  Sfidii  Cktaridum  (Aur.  et  Sod.  Cblor.),  U.S.P.;  Gold  and  Sodtum  ChJorid.— 
A  mixture  of  equ^il  parts  of  anh>'drou5  gold  chlorid  (AuClj)  and  anhydrous  ftodilBi 
chlorid.  Oranf[e->'e)low  powder,  odorte«s,  saline  and  metallic  taste;  ddjqueaceot.  Very 
sol.  in  water.     Dose,  $  mg.  H3  gr.,  U.S.P. 


TIN 

Actions. — This  metal  u  absorbed  in  part  even  from  non-carrosivr  preparatioitt. 
However,  [wisoning  is  rare,  the  metal  not  passing  v^y  easily  into  wluble  form,  and  ha*-- 
ing  no  pronounced  tendency  to  cumulative  action.  The  sympioms  00  injection,  de- 
volve to  some  extent  on  the  central  nervous  5>'stcm,  as  stimulation  and  subAcquent 
fiaral y^is.  The  :irxenii:  action  and  paresis  of  the  heart  arc  also  prominent.  With  mOK 
cbronk  poisonins  ihe  gastroenteritis  is  most  marked,  but  there  i>  also  an  ataxia  and  1 
poralyiU,  resembling  chronic  tead-(ioi»oning  (White.  iS8c). 

Abiorpdaa  and  Fate. — When  soluble  salts  of  tin  are  fed,  a  nnall  luantity  is . 
and  accumulates  in  the  tissues,  traces  appearing  al««  in  the  urine.  When  soluble  salts 
are  injecird  hypodermically  dimituition  occurs  slowly,  mainly  by  the  alimentuy  trad, 
but  somewhat  by  the  urine,  producing  marked  injury  of  the  kidneys.  Cooskltnfak 
quantities  are  retained-  20  to  15  pet  cent,  in  the  ^o,  5  |tct  cent,  in  the  liver  (SaJaAt  aDd 
co-workers,  1914). 


COPPER 

General  Statement. — Cupric  sulphate  irritates  (he  nerve  endings  is 
the  stomach  which  i^ve  rise  to  the  vomiting  reflex,  and  thus  has  a  ralber 
sptcilic  emetic  action.  It  is  also  used  on  mucous  membranes  as  an  a5txi> 
gent  and  caustic.  It  has  a  relatively  high  toxicity  for  fungi  and  algr, 
and  has  been  employed  for  the  purilication  of  water,  etc.  It  i&  not  s 
reliable  bactericide.  Its  absorption  is  limited  and  its  toxicity  to  antmab 
is  therefore  low.  Its  use  for  brightening  the  green  color  of  vegetables  ii 
innocuous  under  proper  conditions,  but  under  others  it  may  be  somewhat 
harmful. 


CUPPEB 
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Emetic  Action. — Copper  sulphate  is  effective  and  prompt,  with  short 
nausea.  However,  it  is  irritating;  and  should  it  not  be  effective,  there  is 
some  danger  of  poisoning,  and  it  must  be  removed  by  lavage.  It  is 
therefore  not  recommended,  except  in  phosphorus  poisoning,  in  which  it 
oxidizes  the  phosphorus  and  coats  the  globules  with  a  layer  of  metallic 
copper.  The  emetic  dose  is  0.5  Gm.,  8  gr.  in  a  single  dose;  or  three  doses 
(if  necessar>")  of  0.25  Gm.,  4  gr.  each,  fifteen  minutes  apart.  It  should  be 
dissolved  in  a  glass  of  water. 

Astringent  and  Caustic  Action, — Solid  copper  sulphate  is  used  as  a 
mild  escharotic  against  granulations  and  trachoma.  The  everted  lid 
should  be  lightly  touched  with  the  copper  crystal  or  pencil,  and  then 
rinsed  with  water.  The  pencils  are  made  by  fusing  i  part  of  potassium 
alum  with  2  parts  of  copper  sulphate.  Solutions  of  0.1  to  3  per  cent,  may 
be  employed  as  stimulant  astringents  tn  conjunctivitis,  urethritis  and 
vaginitis,  but  have  no  particular  advantage  over  stiver.  Copper  suljjhate 
would  probably  be  effective  against  aphthous  stomatitis  and  other  fung- 
ous diseases.    It  has  been  used  internally  against  chronic  diarrhea,  10  mg., 

Antiseptic  Action  and  Use  in  Water  PuHflcation. — Coppf-r  is  mnrk«<ily  germicidal 
for  fungi  uniJ  ■A]ex.  :ind  fairly  ctTective  aiiumat  bjcicriA  of  the  coli  group.  It  raiiy  be 
usetJ  In  purify  wnlcr  from  alRoiJ  conlaminatiun.  Tlit*  (rates  of  inpper  reinainiiiK  in 
the  w.itcr  arc  prob.iblv  harmless.  Its  use  aKainst  t\'phoid  can  lamination  seems  tn  be 
unreliable  (Clarke  and  Gage,  1906).  Thomas,  1915.  dc&cribcs  its  use  for  Ihc  disinfec- 
tion itf  swimmioK  pfiols. 

Tbe  mcdumism  of  the  action  of  copper  on  lower  plants  is  discussed  by  Spiro,  IQ15. 

Toxic  Actions. — I>arge  doses  of  soluble  copper  salts  produce  mainly 
gastroenteritis,  and  characteristic  lesions  of  the  spleen,  kidneys  and  other 
organs.    The  toxicity  is  low.    The  absorption  is  very  limited. 

Even  OD  continual  use,  qu;intilies  of  the  capper  sulphate  up  to  o.,s  Gm.  per  day 
have  lieen  shown  to  be  devoid  of  bad  effects  (Du  .Moulin).  It  Is  true  that  these  were 
not  conlinucil  indprinitdy. 

Use  of  Copper  in  Foods. — Copper  U  sometimes  used  to  ^ve  a  bright  green  color  to 
preserved  ve«eliibles.  especially  peaa  and  beuns.  These  contain  15  to  120  mg.  per 
kilogram.  Tfce  copper  eaiers  into  a  very  firm  compound  with  the  chlorophyU.  Older 
vegetables,  wliich  arc  not  so  rich  in  chJuTopbyll,  contain  it  in  much  looser  combinations 
with  proteins.  The  chlorophyll  compound  produces  no  effects  of  any  kind,  even  *vhen 
continued  for  long  periods  in  quantities  corresponding  to  ti  to  15  mR.  Cu  per  day, 
the  maximum  amnunt  which  would  be  taken  in  food,  However,  the  ia.mc  quantities, 
when  more  loosely  rombined,  produce  Bome  digestive  and  metabolic  disturbances. 
The  use  of  copper  with  voung  green  vegetables  would  therefore  be  harmless;  but  with 
older  vegetables  it  could  become  harmful,  and  its  use  would  better  be  prohibited 
(J.  H.  L<ing.  iQij). 

Ocurrenco  of  Copper  in  Tissues. — Copper  is  not  usually  present  in  mammalian 
liasues;  but  after  iLv  administration,  it  occurs  in  the  liver  mainly  us  cupric  nuclrinnte^, 
and  in  the  blood  and  bile.  Traces  are  also  rctnincd  in  the  kidneys,  spleen  and  luiics; 
none  in  tubercular  lymph  glands  or  pus.  Colloid  copper,  injected  intravenousiy, 
shows  a  similar  distribution  (Corper,  1Q14). 

It  is  found  naturally  in  urganic  comlunalion  in  the  liver  and  other  organs  of  cepha- 
lopoda (octopus),  snails  and  mus^U;  and  as  a  blue  blood  pigment,  hemocyanin,  in  mol- 
luscs and  crustacejins.  This  is  sumcwhiit  analogous  to  hemoglobin  an<l  contains  about 
iH  per  cent,  of  Cu  in  masked  form  (Ilcnze,  1901).  Copper  is  also  a  constituent  of  the 
feather  pinmenl^  <ii'  certain  birds. 

Systemic  Actions. — Direct  contact  uith  copper  sails  depresses  skclct.i1  and  cardiac 
muscle.     Intravenous  injections  therefore  lower  blood  pressure. 

The  effect  of  cnUaid  copper  00  tumors  WM  discussed  in  tbe  general  article  on 
"Metab." 
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PREPARATION  S-COPPER 

'Cupri  Sulphas  (Cupr.  Sulph.),  C.S.P.,  B.P.;  O^iper  Sulphate  (Cupric  SulphattT 
Blue  Vitriol,  BtucstoaeJ;  CuSO«  +  jHrO. — Large,  deep  blue  crystals;  odorieu;  mctalBc 
Ustc.  Freely  sai.  la  wjiter  (1:2.5);  slightly  sol  in  ale.  (i:joo);  Ircdy  »ol.  in  fjyc 
(1:3.8).  fncampatibU  with  Axed  allcAlies  and  cvrbooxtci;  iodids;  tunniiu;  lead  salts. 
Dose.  Emetic,  0.35  Cm.,  4  gr.,  U.S. P.:  0.3  to  0.6  Gni.,  5  to  10  gr.,  B.P.;  as  Afltrinsest, 
0.01O  to  0.1  J  Gm.,  ^  lo  2  ST.,  B.P.,  diluted.     Maximum  dose,  i  Gm.,  15  gr. 


zmc 

General  Statement—The  actions  of  the  soluble  zinc  salts  resemble 
those  of  cupper,  but  are  milder.  Ziac  sulphate  is  emploj'ed  as  emetic, 
and  locally  as  astringent  and  antiseptic  Other  soluble  zinc  salts  are  also 
used  locally.  The  acetate  is  milder;  the  chlorid  is  cscharotJc.  The  in- 
:w>luble  zinc  oxtd  and  stearate  are  used  externally  as  protect! vcs,  simtlarty 
to  bismuth.    There  arc  no  systemic  eflfects  under  ibcrapculic  conditions. 

Ztnc  Sulphate  as  Emetic. — This  acts  lil^c  copper,  and  is  generally  pre- 
ferred, being  nearly  as  efficient  and  less  irritating.  The  short  nausea, 
slight  depression  and  absence  of  harmful  irritation  makes  it  particularly 
suitable  in  gastric  disturbance  from  overeating,  etc.  i  to  2  Gm.,  15  to  30 
gr.  may  be  given  in  a  glass  of  water. 

Astringent  and  Antiseptic  Action. — Zinc  sulphate  or  acetate  is  used 
in  conjunctivitis,  particularly  that  caused  by  the  Morax-Axenfeld  badllus; 
and  in  chronic  gonorrheal  urethritis  and  other  catarrhal  conditions.  The 
strength  of  solution  for  collyria  is  o.i  to  i  per  cent.;  for  urethral  injections, 
0.5  to  4  per  cent.    The  phenolsulphonatc  has  no  advantage. 

Zinc  Chlorid  as  Disinfectant —This  has  l>cca  cxteosivtlv  exploited  and  ovrresti- 
maled  in  proprietary  preparations.  MacClinlic.  1003,  6ndA  1:200  lo  1:500  m  vetf 
poor  germicide  and  feeble  antiseptic,  though  a  fair  deoJonuit. 

Zinc  Chlorid  as  Escbarotic. — ^This  is  used  as  the  Liq.  Zinci  Chlor.  aa 

granulations,  ulcers,  etc. 

Insoluble  Zinc  Compounds. ^Zinc  oxid  is  mildly  antiseptic  and  as- 
tringent. It  is  extensively  used  as  a  local  sedative  application  in  tnilaxn- 
matory  skin  diseases  and  superficial  wounds.  It  may  be  appUed  dr>'  or  as 
an  ointment,  alone  or  mixed  with  bone  acid,  bismuth  subnitrate,  starch  or 
phenol.  Zinc  stearate  is  perhaps  somewhat  smoother  as  a  dusting  powder, 
but  has  no  other  advantage- 
Systemic  Action. — The  effects  of  iotravenous  injection  are  mainly  paralytic.  TV 
brain  is  affected  first — i.e.,  consciouimeM  is  lost — but  the  motor  areas  are  not  involrcd. 
The  blood  pressure  falls  rapidly,  but  this  is  mainly  due  to  the  cardiac  deprcuion.  Tbe 
skeletal  muscles  are  but  Utile  aflectcd.  Zinc  salu  are  not  sufficiently  absoibed  lo  pro- 
duce syMemic  effects  on  oral  administralion.  Zinc  oxid  has  t>ecn  used  as  a  nvrcoa 
•edative,  in  epilepsy,  etc.,  but  U  probably  useless. 

The  movcDKnts  of  rxdsfd  inUstin^j  an  dcprcsaed  by  very  dilute  solutioos;  ihcHlhwl 
by  medium  concentralums  (Salant  and  Mitchell,  i^t6). 

Industrial  Potsooing. — "Brass  fouodcis  ague"  is  produced  by  the  inhalatioo  at  tV 
finely  divided  zinc  oxid  formed  in  the  combustion  of  the  mcul — cto  of  pare  sine 
(Lclunann,  1910.1.  It  has  not  txren  observed  in  animals,  but  only  in  man.  Alter  eisas- 
ure  of  several  minutes  or  ho^^^— depending  on  the  susceptibility  and  ventflatioQ — tacR 
U  slight  irritation  of  the  throat;  but  the  main  symptoms  occur  later,  often  aftrr  tJw 
patient  has  been  in  the  air  for  some  hotm.  The  att.u-k  resembles  a  maJarial  cUi, 
which  may  last  some  hours,  with  ordinary  febrile  s}>mptomi — lassitude,  headtorhr. 
nausea,  muscle  cramps  and  joint  pains,  coostricttng  sensation  over  lonRs.  elc.  Th* 
attack  tndi  in  pcrspimlion  and  rapid  recovery  (W.G.Thompsoo,  1911;  lUyhurst,  toiy. 
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Pfender,  1QI4).  Lehmann  attributes  the  symptoms  to  the  absorption  of  the  remains  of 
the  respiratory  cells  that  were  destroyed  by  the  zinc.  The  hypodermic  injection  of  zinc 
salts  also  produces  fever  (Kisokalt,  1912);  but  so  do  most  irritants. 

Repeated  exposure  to  zinc  fumes  may  result  in  chronic  lesions  of  the  respiratory, 
digestive,  excretory  and  nervous  systems  (Hayhurst,  1913). 

PREPARATIO^JS-SOLTTBLE    ZINC    SALTS 

*  Zinci  Acetas  (Zinc.  Acet.),  U.S.P.,  B.P.;  ZnCCjH|Oi)i  +  HiO.— Soft,  white  plates; 
funtly  acetous  odor;  astringent,  metallic  taste.  Freely  sol.  in  water  (1:2.3);  ^'-  ^^ 
ale.     (1:30).    Dose,  0.125  Gm.,  2  gr.,  U.S.?.;  0.60  to  0.12  Gm.,  i  to  3  gr.,  B.P. 

Zinc  Chhr.,  U.S.P.,  B.P.;  ZnCU. — White  granular  powder  or  porcelain-like  masses 
or  in  pencils;  odorless;  highly  caustic.  Very  sol.  in  water  (1:0.35);  freely  sol.  in  ale. 
(1:1.3)  orglyc. 

*Liq  Zinc.  Cklor.,  U.S.P.,  B.P. — An  acid  solution,  containing  about  50  per  cent,  of 
ZnQi. 

Zinci  Phenolsulpkonas  (Zinc.  Phenolsulph.),  U.S.P.  (Snc  Sulphocarbonate); 
Zn(C«H(04S)i  +  8H1O. — Colorless,  transparent  prisms,  or  tabular  crystals  or  in  gran- 
ular form;  odorless;  astringent,  metallic  taste.  Freely  sol.  in  water  (1:1.6).  Dose^ 
O.I3S  Gm.,  2  gr.,  IT.S.P.    Locally,  similar  to  Zinc.  Sulph. 

'Zinci  Sulphas  (Zinc.  Sulph.), U.S.P.,B.P.;  ZincSulphate  (White  Vitriol);  ZnSOi  + 
7H1O. — Small  colorless  crystals;  odoriess,  metallic  taste.  Very  sot.  in  water  (1:0.6); 
practically  insol.  in  ale.  Incompatible  with  alkalies,  carbonates,  sodium  borate,  tannins, 
lead  salts.  Dose,  as  Emetic,  i  Gm.,  15  gr.,  U.S.P.;  0.6  to  2  Gm.,  10  to  30  gr.,  B.P., 
diluted;  as  Astringent,  0.06  to  0.3  Gm.,  i  to  3  gr.,  B.P.  Maximum  dose,  2  Gm.,  30 
gr- 

Zinci  Valeras  (Zinc.  Valer.),  U.S.P.,  Zinci  Vaterianas,  B.P.  (Zinc  Valerianate); 
Zn(CsHtOi)i  +  2H1O. — White,  pearly  scales,  or  white  powder;  odor  of  valeric  acid; 
sweetish,  astringent,  and  metallic  taste.  Dose,  0.125  Gm.,  2  gr.,  U.5.P.;  0.06  to  0.3 
Gm.,  I  to  3  gr.,  B.P. 

PREPARATIONS-INSOLUBLE    ZINC    COMPOUNDS 

Zinei  Carbonas  Pracipitatus  (Zinc.  Carb.  Prsec.),  U.S.P.;  Zinc,  Carb.,  B.P.— Basic 
Zinc  Carbonate  is  a  compound  of  somewhat  variable  chemical  composition,  correspond- 
ing to  not  less  than  68  per  cent,  of  ZnO,  U.S.P.  Impalpable,  white  powder  without 
odor  or  taste.     Insol.  in  water  or  in  ale. 

*Zinci  Oxidum  (Zinc.  Oxid),  U.S.P.,  B.P.;  ZnO.— Very  fine  amorphous,  white  or 
jreDowish-white  powder,  without  odor  or  taste.  Practically  insol.  in  water  or  ale. 
/ncoffi^iMe  with  acids.     /><>;«,  0.3  to  0.6  Gm.,  3  to  10  gr.,  B.P. 

*  Unguentum  Zinci  Oxidum  (Ung.  Zinc.  Ox.),  U.S.P.  (Zinc  Ointment). — 20  per  cent., 
in  Benz.  Lard. 

*  Ung.  Zinc.,  B.P. — 15  per  cent,  of  ZnO  in  Benz.  Lard. 

Lassar's  Paste,  which  is  used  in  eczema,  contains  Zinc.  Ox.  i  part.  Starch,  i  part, 
Petrolat.,  2  parts. 

Zinci  OUostearas  (Zinc.  Oleost.),  B.P. — .\  zinc  soap.  White  amorphous,  insoluble 
powder. 

Ung.  Zinc.  CHeat.,  B.P. — .\  zinc  soap,  incorporated  with  white  soft  petrolatum. 


CADMIUM 

This  resembles  zinc  closely. 


NICKEL  AND  COBALT 

These  metals  are  only  absorbed  when  given  in  strongest  solutions.  The  local  action 
is  that  of  metals  in  general,  with  nothing  particularly  characteristic.  Nickel  salts  have 
been  used  as  emetics,  but  are  not  be  be  recommended.  Nickel  cooking  vessels  give  up  a 
faarmleas  trace  of  the  metal  to  the  food  (Dzerzgowski  and  Schumof^-Sieber,  1906  wad 
1908;  Lehmann,  1909). 
50 
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When  injected  intravenously  or  hypodermically.  these  mctaU  affect  the  ccnlral 
nervous  syslvm  directly,  in  addition  to  the  usual  metal  artion  on  caiHllarics,  heart,  «nd 
kidneys.  Tht-rc  are  tremors,  chorea,  and  convulsions,  followed  by  paresis.  In  frog* 
the  medulla  is  stimulated  before  the  spinal  cord  (A.  Sluart,  1&64).  borne  babiluatioD 
occurs. 

The  urine  ia  increased,  and  alwa)'s  contains  sugar,  often  proteins.  Cobalt  salts  act 
as  aolidotes  to  HCN  poisoning,  through  the  formation  of  cobalt-cyanids.  To  be 
effective  they  must  be  introduced  subculancou^ly  in  doses  which  arc  not  devoid  of 
dans;er.     They  are  therefore  not  to  be  u?*<J  in  man. 

With  excisfd  inie-iSiitt,  dilute  solutions  of  nickel  salts  produce  a  primary  depression, 
which  may  be  followed  by  stimulalion.  Higher  concenlralion^aboltsb  the  movemcmU- 
Nicke)  is  much  less  toxic  than  zinc  (Salant  and  Mitchell,  1Q16). 

Nickel  CarbonyL — This  ga.i — \ii,t;t))4 — is  formed  by  passing  CO  over  finely  fU\-idcd 
nickel,  as  in  the  Mond  process  of  obtaining  pure  nickel.  It  decomposes  at  iso°C.  iflto 
CO  and  metallic  nickel.  The  toxic  effect*  are  probably  due  to  the  deposition  of  the 
metal  in  the  respiratory  tract,  for  the  carbonyl  is  not  absorbed  as  s-uch.  The  phcnomau 
following  its  inlialation  are  viry  serious.  There  is  transiritl  malaise,  with  quick  reCov«y 
in  fresh  air;  but  after  twelve  to  thirty-six  hours  the  patient  becomes  dyspneic,  cyaootk, 
febrile,  and  delirious,  with  a  blood-stained  ctniRh.  Death  occurs  in  four  todeveo  da)?, 
with  hemorrhaRcs  (due  to  f.itty  degeneration  t>f  ihc  vessel  wall^)  in  the  lungs  and  brain, 
and  pulmonary  edema  (Mond,  Langcr  and  Quincke,  tSgo;  Armit,  1907,  1908). 


MERCURY 


General  Statement. — Mercun-,  particularly  in  the  mercuric  MJts.hts 
a  strongly  toxic  action  on  all  protoplasm.  In  virtue  of  thi-i  action  mercu- 
rial compounds  are  active  germicides;  but  their  usefulness  is  limited  by 
precipitation,  iiritalion  and  general  toxic  effects.  Even  the  insoluble 
mercury  compounds  are  rapidly  absorbed,  distributed  through  all  tbc 
tissues,  and  excreted  by  all  channels,  but  mainly  by  the  urine  and  feces. 
Traces  remain  in  the  body  for  many  months.  Acute  poisoning  presents 
chiefly  the  phenomena  of  local  corrosion.  The  characteristic  features  of 
systemic  poisoning  are  stomatitis,  dysentery,  and  nephritis.  In  chronic 
poisoning,  nervous  symptoms,  and  cachexia  appear. 

Mercury  kills  Ihe  parasites  of  syphilis,  and  therefore  may  havcacura- 
tive  effect  when  properly  used.  Calomel  is  relatively  insoluble  and  mild, 
so  that  it  may  be  employed  as  a  cathartic  and  diuretic. 

Antiseptic  Actions. — Mercuric  chlorid  is  one  of  the  most  effective  of 
the  mercurial  germicides,  since  it  dissociates  readily  and  therefore  gives 
the  maximum  concentration  of  mercuric  ions,  which  produce  the  anti- 
septic efifcct.  In  pure  cultures  it  inhibits  the  growth  of  most  micro- 
organisms in  dilutioiis  of  i :  30,000  to  i :  20,000;  it  is  germicidal  in  t :  3,000 
to  I  :  1,000.     Spores  and  tubercle  bacilli  are  more  resistant. 

Application. — Corrosive  sublimate  is  used  ouliide  oj  the  body,  on  hands, 
etc.,  in  concentrations  of  i  :[,ooo.  On  exposed  tissues,  as  i : 5,000  to 
I  :  2,000. 

In  wounds,  however,  mercuric  salts  are  not  so  useful;  their  activity 
is  greatly  lessened  by  the  proteins;  and  they  cause  much  irritation  and 
toxic  effects.  These  last  are  particularly  to  be  feared  when  targe  serous 
cavities  are  irrigated. 

Mercury  compounds  produce  rapid  corrosion  of  mttaltic  instntmrnts 
and  a  more  gradual  destruction  of  rubber. 

To  hasten  the  solution,  to  prevent  precipitation  in  the  water  and  to 
lessen  the  irritation  it  is  customary  to  add  some  sodium  or  amnwnium 
chlorid,  as  is  done  in  the  commercial  bithlorid  tablets.  These  form  double 
salu  which  arc  less  dissociated  and  therefore  somewhat  less  active  (Sab- 


J 


MERCURY 


787 


batani.  1906).    Hydrochloric,  tartaric  and  citric  acids  have  similar  effects. 

Mercury  compounds  are  used  in  various  skin  diseases,  especially  those 
of  parasitic  origin.  The  bichlorid  in  I'iiyriasis  and  Sycosis;  Blue  Oint- 
ment attain-;!  iVdiLuli;  White  I'rccipitate  against  Impetigo;  etc. 

Potassium-Mercuric  lodid.— This  is  at  least  an  equally  efScient  anti- 
septic, and  has  the  advantage  of  being  much  less  precipitant,  irritant  and 
toxic.  It  may  be  used  on  catarrhal  mucous  membranes,  boils,  etc..  in 
X  per  cent,  solution  (Macfarlan,  IQ14). 

GennicidAl  Efficiency  of  CalomeU — This  is  geiicmlly  cdnsiHercd  much  inJcrior  tu 
nwrcuric  chlorid;  but  Sch.iml>i-r|^  and  Kulmcr,  1914,  contend  thai  il  and  gther  insoluble 
mercury  sjiIIs  are  equally  ellfciivc. 

Emigration  of  Leucocytes  from  Frog's  Mes«ilery. — This  is  inhibited  by  the  injec- 
tion of  mercuric  chlorid  (Ikeda,  i(>i6). 

Local  Irritatioa. — The  soluble  mercuric  salts  are  strongly  irritant. 
They  coagulate  protoplasm  and  thus  give  an  ashy  color  and  cooked  ap- 
pearance to  the  tissues,  which  are  slowly  corroded.  These  local  changes 
arc  especially  important  in  acute  poisoning.  The  intact  skin  is  also 
irritated;  i  to  5  per  cent.,  causes  vesication  and  corrosion;  and  sensitive 
skins  may  become  inflamed  by  the  strengths  used  in  operations. 

Mercurials  in  Ophthalmology. — Mercury'  preparations  are  used  in  a 
number  of  inflammatory  eye  diseases;  conjunctivitis,  blepharitis  and 
keratitis. 

Uydrargyri  Oxidum  Ftamtm  is  employed  most  extensively  as  a  Ho 
to  j^  per  cent,  ointment  (made  by  diluting  the  officiai  10  per  cent,  oint- 
ment— Pagenstecher's  Salve).  Bydrargyrum  AmfiumiaU4m  is  somewhat 
less  irritating  and  is  used  as  i  to  10  per  cent,  ointment. 

Caiomel  is  also  used  as  a  dusting  powdt:r,  but  especially  on  ulcers. 

Mercuric  Chlorid  is  antiseptic,  but  very  irritating  to  the  eye.  It  may 
be  used  as  i  :  5.000  to  1:20.000,  with  boric  acid.  Subconjunctival  injec- 
tions have  also  been  employed,  but  their  usefulness  is  doubtfiil  (de 
Schweinitz,  1893). 

Mercurials  and  lodid  on  Eye. — Mercury  compounds  should  not  be 
applied  to  the  eye  when  the  patient  is  using  iodids;  the  verv  irritant  mer- 
curic iodid  is  formed  on  the  conjunctiva  and  causes  severe  mjury.  lodin 
compounds  that  do  not  ionize  readily  (iodlropin)  naturally  produce  but 
Utile  reaction  (Grumme-Fohrde,  1914).  Bromids  behave  like  iodids, 
but  chlorids  arc  harmless  (Schloms,  1913). 

Absorption,  Fate  and  Excretion.—  Mercury  compounds  and  metallic 
mercury  arc  abswrbtd  rt-adily  from  all  surfaces,  even  from  the  intact  skin. 
All  of  these  channels  are  used  therapeutically,  .\fter  their  absorption, 
the  mercury  disappears  rapidly  from  the  blood;  being  taken  up  partly  by 
leucocytes,  anddei>ositedin  various  organs, especially  the  kidney  and  liver. 
Here  the  mcrcurj-  appears  to  be  fairly  firmly  Imund.  forming  "  depots  "  from 
which  traces  of  the  metal  may  be  mobilized  for  six  months  or  longer  after 
discontinuing  the  administration. 

The  excretion  occurs  mainly  by  the  urine  and  feces  (Wellander,  1886). 
These  lake  a  variable,  but  on  the  whole  about  equal  share.  There  are 
reasons  lo  believe  that  the  urine  plays  the  main  part  in  the  excretion  of 
the  organic,  the  feces  of  the  inorganic  compounds  (Miiller,  SchocUer  and 
Schraut.  191 1 ).  The  excretion  begins  in  a  few  hours,  and  after  a  single 
dose  lasts  for  perhaps  eight  days;  after  long-continued  administration 
the  excretion  persists  intermittently  for  many  months. 
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Form  of  /tfrjorpiion.— Tht  compounds  undergo  complex  cfaooges  io  the  course  of  i 
absorption.     MrUtllic   mercury  penetrates  mechanically,  by  Its  fluidity;  It  ts 
oxidized,  and  then  behave«  as  the  other  forms. 

Uerciinc  satis  form  soluble  organic  compounds  with  the  proteiai,  XaQ,  and  tlluUfii, 

(Voii,  iftjr). 

Pistrihuthn  in /Ac  Borfy.— The  proportion  of  mercury  is  grt«l«sl  in  the  kidneys;  then 
in  descending  order,  cnmc  the  liver,  spleen,  bile,  intestinal  wall  (Ullmann,  iSga;  Abelia, 
igij).  None  is  present  in  the  nervous  system.  It  has  b«n  rvporled  in  the  cerebro- 
spinal fluid  (Conti  and  Zuicota,  iqo6);  but  T.a<iarew,  loit,  found  it  ntfseni  in  mercurial 
treatment  and  p>oiM>ninj;.  If  mercurial  vapor  has  been  inhaled,  the  metal  may  be  found 
in  the  lungs.  The  deposition  in  the  liver  is  stitd  to  be  lessened  by  potassium  iodid  (Blum- 
enthal  and  Oppeaheim,  1910. 

It  h  wmetimeA  found  in  the  placenta  and  in  the  embryo,  but  probably  only  aft«r 
vcrj'  large  doses,  vrhich  may  injure  the  vessels.  It  is  claimc<l,  however,  that  caograitaE 
syphilis  may  Ix^  lreate«l  by  mercurial  Inunction  of  the  mother  (Jung,  1014). 

The  distribution  of  mercury  in  acute  poisoning  is  discussed  by  Kaho,  Andrem  and 
.\nderson,  1015. 

The  distribution  of  aromatic  mercury  compounds  is  described  by  Blumentlial  and 
Oppenhvim,  1914. 

Minor  Channels  of  Excrethn. — Variable  traces  arc  generally  found  in  the  bile,  sweat 
(Tacliau,  iQtt;  LamUcrl  and  Patcrsun,  1915),  gastric  (Lieb  and  Goodwin,  191$)  and 
intc&tinai  juice  and  sftliva  (literature  in  .'Vlmqui5l,  1911). 

Rale  of  Axfrfi;.jii.  — Buthlala,  1913,  found  that  the  excretion,  after  intramuscular 
infcriifm  of  mercury  salicylate,  was  greatest  on  the  following  day.  With  inlravcooiu 
injection,  the  greatest  excretion  (often  half)  occurred  within  twenty-four  hour». 

Potassium  lodid,  diuretics  and  sweating  are  said  to  hasten  excretion ;  but  there  is  Uttle 
evidence  for  tlua.    Buchta]a,(ouadLbat  the  iodid  rather  delayed  the  urinarj'ctinunat' 
of  mercury. 

Excretion  af  ifetaJi  in  Cove's  Milk. — l.^\t\  h  excreted  into  the  millc,  but  not  1 
antimony  or  zinc  (Koldewijn,  1910). 

Varieties  of  Mercury  Poisoning.— These  may  be  iJassed  under  ihree 
forms: 

(a)  Acuie,  occurring  generally  from  the  abuse  of  mercuric  chlorid, 
chiefly  with  local  phenomena. 

(6)  SubaaUe,  especially  in  Lhe  therapeutic  use  of  excessive  doses. 

(c)  Chronic. — This  may  also  occur  medicinally,  but  is  seen  especJallT 
in  industrial  poisoning  (workers  in  mercury,  manufacturers  of  ihcr- 
momelers,  mirrors,  electric  lamp  bulbs,  felt  hals,  etc,)-  A  large  propor- 
tion of  those  exposed  to  mercury  are  affected,  because  the  adherence  of  the 
metal  to  theskin,andthi:inha!alionuf  its  vapor,  makes  protection  difficult. 

Phenomena  of  Acute  Poisoning  with  Mercuric  Salts.— The  ininiediaic 
effects  are  due  to  coagulation,  irritation  and  superficial  corrosion,  to 
which  mucous  membranes  are  highly  susceptible.  There  is  an  astringent 
metallic  ta^te,  salivation;  burning,  swelling  and  ashy  discoloration  of  the 
mouth  and  pharjTix;  thirst;  abdominal  distress  and  pain,  at  first  epigas- 
tric, then  diffused;  vomiting  with  white  or  often  bloody  mucous  shreds; 
sometimes  edema  of  the  glottis. 

The  primary  symptoms  generally  yield  to  local  treatment,  including 
abstinence  of  food  for  thirty-six  hours;  and  the  patient  mav  be  quite  com- 
fortable. Signs  of  mercurial  stomatitis  usually  develop  m  twenty-four 
hours,  but  are  not  especially  severe. 

Somewhat  later,  after  absorption,  the  large  intestines  and  kidneys  are 
chiefly  involved.  Within  two  or  three  days,  the  urine  shows  albtumn 
and  casts,  and  becomes  scanty.  Anuria  may  be  complete,  vnth  death 
within  a  week,  without  uremic  convulsions.  If  the  nephritis  is  not  ex- 
treme, a  membranous  coliLi:»  develops,  with  d>'scnlery  and  tenesmtis, 
ulcerations  and  hemorrhages  and  hepatic  degenerations.  These  phe- 
nomena may  only  appear,  and  prove  fatal,  several  weeks  after  taking 
the  poison  (Lambert  and  Patterson,  1915). 
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The  circulation  is  affcctct)  only  in  the  severest  cases,  with  a  fall  of 
blood  pressure,  probably  mainly  cardiac  (v.  Mering,  t88o),  perhaps  with 
some  \'asomotor  involvement.  The  poisoning  then  ends  with  feeble  pulse, 
insensibility  of  the  skin,  coma  and  collapse. 

The  course  is  therefore  variable;  death  may  occur  in  a  few  hours,  but 
is  generally  postponed  for  several  days. 

In  case  of  recovery,  the  phenomena  of  subacute  poisoning  set  in:  neph- 
rilis,  stomatitis  and  colitis,  as  described. 

n  the  poison  has  been  taken  otherwise  than  by  mouth,  the  symptoms, 
except  the  local  ones,  are  strictly  similar. 

Posttntirtem  Changes.- — The  mucous  membranes  .ire  of  an  ashy  color,  congested  and 
corroded.  Tbc  kidneys  show  acute  nephritis,  often  with  calcification  of  the  epithelium. 
The  lesions  in  the  culoii  iirt'  indistinguishable  from  tho^  of  dysentery:  coagulation 
necroAta  with  hemorrha^s  and  black  ulcerations  In  eipcrimeolal  poisoning,  degenera- 
tive changes  arc  found  m  Oie  kidneys,  much  less  in  the  liver  (Morel,  Mouriguaod  and 
PoUcard,  191 3). 

The  viscosity  &f  tkt  bUwd  (not  of  the  serum)  is  doubled  in  mercurial,  lead,  and  phos- 
phorus poisoning  fFarmachidis,  1913).  A  ncutropbilc  hypo-leucocyiosis  is  a  constant 
pbenoraenoQ  (DoDstllo,  1915). 

Toxic  Doses. — These  may  be  stated  as  follows: 

Mercuric  ckton'd,  for  children  0.18  to  0.6  Gm.;  for  adults  a8  Cm.  Recovery,  how^ 
ever,  has  occurred,  under  treatment,  after  9.5  Gm.    Opium  is  said  tule&sen  the  toxicity. 

Mercuric  cyantd,  which  produces  the  same  phenomena,  has  caused  severe  potsoniog 
with  O.I3  Gm.  and  death  with  o.ti  Id  i.i  Gm.     A  case  isdescrilied  by  GcUler,  1916. 

Calamei. — Even  large  doses  ordinarily  produce  only  diarrhea;  exceptionally,  more 
severe  and  even  fatal  effects  are  recorded;  for  children  with  0.4  Gm.,  for  adutts  with  2  to 
jGm. 

Metallic  ma-cur y,v9hkh  was  formerly  given  in  iIeusindo3csof  iooto5e>oGm.,tisually 
passes  off  by  the  feces  with  very  little  effect;  sometimes  there  is  diarrhea  and  stomatitis; 
and  eicepUonally,  severe  and  even  fatal  poisoning. 

Relative  Toxicity  af  DtJIerent  Compomuls.—  lhis  is  under  dispute.  It  is  generally 
believed  that  the  toxicjty  is  proportional  to  the  ionization,  and  therefore  greatest  with  the 
chlorid,  succinimid,  etc.  The  aromatic  compounds  arc  much  less  toxic  (Abelin,  1913). 
With  mercurial  dyes,  the  toxicity,  and  the  eliiciency  against  spinllosis,  are  not  propor- 
tional to  the  mercury  content  or  dissociatiotx  (Klogcsand  Schreibcr,  1914).  Schambcrg, 
Kolmer  .ind  Raiziss,  1915,  stale  that  the  toxicity  for  hypotlermir  and  intraveuuus  injec- 
tion depends  practically  on  the  mercury  contact;  and  is  essentially  alike  for  toorgaaic 
and  the  different  Xy^^  of  organic  compounds. 

Trealmeitl  of  Aniie  Poisanin^. — The  ordinary  antidotes  are  raw  egg, 
milk  or  flour,  which  act  as  precipitanis  and  demulcent?.  The  resulting 
compountls  must  be  promptly  removed  by  emetics  or  lavage  to  prevent 
absorption  and  systemic  poisoning.  The  success  is  not  very  encouraging 
as  to  the  late  efTects.  Licb  and  Goodwin,  1915,  emphasize  repeated  lavage 
for  removing  mercury  excreted  into  the  stomach.  Lambert  and  Patterson, 
1915,  combine  this  with  continuous  rectal  irrigation. 

Fanlus,  1916,  emphasiiicsthat  albumin  will  only  be  of  value  K  it  is  ^vcn  immediately 
after  the  poison,  lie  recommends  sodium  hypophusphitc,  i  Gm.,  water,  10  c.c.  and 
hydrogen  pcroxid,  5  c.c,  per  o.i  Gm.,of  mercuric  chlorid.  Thisshouldbefollowed  by 
lavue  wiui  Ihc  diluted  reagent. 

The  possible  value  of  hydrogen  sulphid  h.is  been  investigated  by  Sabbalani,  1907. 
Sodium  phosphite  has  also  been  suggested  to  reduce  mercuric  chlorid  to  calomel. 
Hall,  toi4i  proposed  potosiiium  iodid  and  quinin  (a  reversal  of  Meyer's  re^igent). 
Thiii  might  have  some  effect  in  the  stomach,  but  naturally  not  in  tbc  blood  or  Ussues 
(Barlmur,  191 5)- 

Subacute  Poisoning. — This  (as  seen  in  sequence  to  acute  poisoning 
or  in  the  ordinary  medicinal  use)  presents  especially  the  phenomena  of 
nephritis,  stomatitis  and  colitis;  more  rarely  akiit  eruptions.  The  stomach 
and  small  intestines  usually  escape. 
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Mercurial  Nephritis. — Some  degree  of  albuminuria  h  common  even 
in  the  ordinary  therapeutic  use  of  mercurials.  It  is  attributed  to  the 
excretion  of  the  mercury.  After  severe  intoxication  it  may  last  for  years. 
It  is  mainly  interstitial;  although  the  glomeruli,  and  with  large  doses  the 
epithelium,  may  be  involved.  Later  the  kidney  becomes  cirrhotic.  The 
changes  in  clinical  subacute  nephritis  are  further  described  by  Foster, 
1915.  The  acute  nephritis  is  chiefly  tubular,  with  polyuria  (Schlayer 
and  Hedinger,  1907),  and  often  renal  glycosuria  (Franck,  1913).  The 
lumen  of  the  tubules,  and  sometimes  the  epithelium,  may  contain  cnrstaJs 
of  calcium  carbonate  (Saikowsky,  r866),  the  origin  of  which  is  not 
explained. 

SlomalUis. — This  is  important  as  the  earliest  symptom  of  cxcessix'C 
therapeutic  use  or  of  chrome  poisoning.  It  occurs  about  as  readily  when 
the  mercury  is  administered  othernnse  than  by  mouth.  It  begins  with 
fetor,  then  metallic  taste,  soreness  of  the  gums  and  some  salivalioo 
(ptyaltsm).  Thisisasfaras  the  therapeutic  use  should  go.  If  it  is  pushed 
further,  the  teeth  loosen,  the  edges  of  the  gums  blacken;  and  they,  and 
later  the  tongue,  become  swollen  and  ulcerated.  The  irritation  and 
infection  cause  ver>'  se^-ere  sali\'ation  and  progressi\*c  exhaustion.  In 
very  advanced  poisoning  there  may  be  loss  of  the  teeth  and  necrosis  of 
the  jaw. 

The  suscepiibUity  lo  stomatitis  varies  greatly  and  is  markedly  influenced 
by  the  hygienic  condition  of  the  mouth  and   teeth. 

TKis  conforms  to  Almkvist'a  tlieory  that  the  stomatitis,  as  well  as  the  colitu,  *re 
due  tu  hydrogen  sulpbid  (jruduccil  tiy  putrefaction,  which  prcdjNtatn  mercuric  ^ulphid 
in  the  capillary  cnrfoi helium  of  ihc*e  situalions.  The  saliv.ition  is  pethaps  partly  due 
to  direct  irritation  ot  the  salivar>' mechanism  by  the  mercury,  (liani.  1913,  rcpotts 
degeneraiivc  histolo^c  changes  of  the  parotid  gland  in  mcrcunal  poboaing. 

TrealmetU  of  Stomatitis. — The  stomatitis  is  most  effectively  prevented 
and  treated  bv  hygiene  and  care  of  the  teeth.  The  mouth  should  be  in 
the  best  possible  condition  l>efore  mercurt*  is  started.  Hydrogen  peroxid 
or  potassium  chlorate  (a  tablespoonful  of  the  saturated  solution  to  a  glass 
of  water)  should  be  used  as  a  mouth  n-ash  several  times  a  day.  The  use 
of  tobacco  is  said  to  be  injurious. 

Cause  of  the  Stomatilh  and  CatUis. — TheM  are  generally  attributed  to  britatioo 

during  the  excretion  ut  the  metal.  Almkvisf,  igo<>  and  tgti,  huirever.  points  out  that 
they  have  no  relation  to  the  escreilon  but  depend  upon  the  presence  of  hydrogen  sulphid 
and  the  precipitation  of  mercuric  sulphid  which  can  l>e  shown  chcnnicaJly  in  the  capillary 
endothelium  nf  these  situations.  Similar  deposits  and  irritation  iran  be  pritducrd 
cxperiincnt.itly  elsewhere  by  exposure  to  hydrocjcn  sulphid.  He  therefore  explains  the 
process  as  due  lo  bacterial  action  causing  injury  and  dottuumation  of  the  epithelium, 
and  the  production  and  absorption  of  I^iS,  n-hich  precipitates  the  mercur>'  in  the  cap- 
illaries from  where  it  ts  deposited  in  the  endothelium.  Here  it  acts  as  an  irritant  and 
disturbs  the  function  and  nutrition  of  the  vessels,  leading  to  occrosts.  The  cxptaoatioo 
is  lai:^ly  h>-potheticaI. 

Bismuth  al»o  gives  similar  precipitates  but  they  arr  much  less  tone.  Lead  and 
copper  are  not  so  easily  precipitated. 

Metabolism. — The  effects  are  impcrieclly  known  but  appear  to  resemble  tboM  o£ 
arsenic,  lead  and  pluMphunj^.  Small  do<.r5,  therapeutically  and  in  animals,  often  came 
considerable  mcreast  of  uxigkt  I'fat).  The  red  corpuscles  are  also  iocteaacd  (SchleainKet. 
1^4)-  In  chronic  cache.^a  they  arc  diminishca.  In  acute  poboning  there  is  oflen 
ilytasuria  and  disappearance  of  glycogen.  On  the  other  hand,  mercury  h  aomctJinea 
Dcne&cial  in  ditibetes,  presumably  of  syphilitic  oriiin. 

Chronic  Mercury  Poisoning. — If  this  takes  a  slow  course,  there  are, 
in  addition  to  the  subacute  symptoms,  nervous  and  nutritional  phenoraeoa. 
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The  most  common  are  tremor;  erethismus  (psychic  irritability  and  rest- 
lessness), and  other  paychoses;  cachexia  with  anemia,  mainulrition  and 
muscular  atrophy;  bone  changes  (decalcification)  and  more  rarely  neurites 
or  pareses. 

Trealment  of  Chronic  Poisoning. — Prophylaxis  is  of  the  first  impor- 
tance; it  is  doubtful  whether  treatment  materially  influences  the  course 
after  the  appearance  of  symptoms.  Potassium  iotlid  and  hot  batha  are 
generally  tried,  with  the  intention  of  hastening  elimination. 

PECiaiARITlES  OF  CALOMEL 

The  mcrcurous  or  "mild"  chlarid,  because  of  its  insolubility  in  water 
and  limited  solubility  in  the  alimentary  canal,  has  very  much  weaker 
actions.  It  is  therefore  suitable  for  a  cathartic  and  intestinal  antiseptic. 
In  cardiac  dropsies  it  is  often  markedly  diuretic.  It  may  be  employed 
as  an  antisyphilitic. 

Solubility  of  Calomet  in  tlte  Alimentary  CahaI. — Calomel  H  not  dissolved  ia  the  gas- 
tric juice  and  none  Ia  absorbed  from  the  stnniich  or  rectum  (Ncmscr,  1906);  but  it  is 
attackcil  in  the  intestines,  especially  in  the  ileum,  by  the  alkaline  pamrealic  and  intesti- 
nal juice.  These  dissocL-itc  it  into  mercury  (shown  by  immediate  darlcemne) .  and 
yellow  mercuric  oxid;  Ihc  latter  dissolves  sSowly  and  incompletely  in  the  alkaline  mteati- 
Oii]  fluid  (.T.  \V.  Srhiiefer,  ii>io). 

Interaction  of  Calomel  uid  Salt. — Mialhe  attributed  the  solution  of  calomel  to  inter- 
action with  sodium  chlurld.  forming  mercury  .ind  mercuric  chlorid,  and  complex  double 
sails.  Similar  reactions  were  claimed  by  joly  to  occur  with  hydrochloric  and  citric 
acids,  alkalies,  carbonates  and  sugar.  These  reactions  do  occur  in  pure  solutions, 
especJAlly  at  hieh  temperatures  and  with  concentrated  solutionii;  and  to  some  extent 
even  under  conditions  resembling  those  of  ibe  body.  The  amount  di^>solved  would  be 
ver>*  small  (at  mail  i  to  4  mg.  per  o.j  Gm.  of  CaJomel).  However,  mercuric  eWorld 
could  not  exist  as  such  in  the  alkaline  intestine,  and  ihe  chlorid  can  therefore  ntit  be 
made  responsible  for  Ihc  solution  of  calomel  (as  was  suggealed./.i.,  by  Carraddo,  iqo6). 

lodid-s,  bromids,  sulfocyanids,  thiosulpbatcs,  etc.,  dissolve  larger  quantities)  of 
calomel. 

L  CATHARTIC  ACTION  OF  CALOMEL 

This  may  be  referred  to  the  Irritant  effects  of  the  small  quantities 
of  mercury  which  are  progressively  dissolved.  The  irritation  is  generally 
so  mild  tliat  it  may  be  employed  even  in  enteriti.s.  Some  patients,  how- 
ever, are  hypersusceptible.  Ordinarily  it  produces  dark  green,  semisolid 
stools,  with  mild  colic,  in  about  ten  to  twelve  hours.  Laxative  doses 
diminish  intestinal  putrefaction  (diminished  indoxyl  in  urine).  Larger 
doses  probably  favor  the  bacteria  by  lessening  the  intestinal  rc^stance. 

Dosage. — This  is  relatively  unimportant,  because  any  excess  is  gener- 
ally expelled  before  it  is  dissolved.  It  is  customary  to  give  either  a  single 
dose  of  0.125  to  0.5  Gm.  {2  to  7  gr.);  or  fractional  doses  of  15  mg.  {^'4  gr.) 
every  hour  until  0.15  Gm.  (2}  o  gr.)  have  been  taken.  The  divided  doses 
insure  better  solution.  Formerly  much  larger  doses  were  used  but  they 
are  superfluous;  and  while  usually  harmless,  they  may  become  dangerous 
should  conditions  become  exceptionally  favorable  to  absorption. 

Calomel  is  not  suited  for  long-continued  use  on  account  of  systemic 
actions.  These  may  also  be  produced  by  large  single  doses,  if  they  are 
not  expelled  in  the  usual  time.  It  is  therefore  advisaWe  to  follow  the 
calomel  in  six  hours  by  a  saline;  or  it  may  be  mixed  with  Resin  of  Podo- 
phyllum C5  rag.;  !|'2  gr-)- 

I       Calomel  should  not  be  prescribed  with  iodids,  bromids,  alkalies  or 
organic  substance:^. 
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Other  mercurial  salts  are  sometimes  used  as  cathartics  but  without 
advantage. 

Bile-flow. — This  is  not  affected  by  calomel.  The  older  views  01 
cholagogue  action  were  based  merely  on  the  color  of  the  stools,  which  is 
due  partly  to  mercury  sulpbid  and  partly  lo  lessened  decomposition  of  the 
ordinary  bile. 

The  absence  of  choLigogue  action  has  been  shown  viih  bilLiry  futula  experimcntt 
by  numerous  investigators  (Okadn,  1015).  Doyoii  and  HuEourt.  t^tj?,  also  showed 
that  the  green  calomel  stools  occur  even  if  the  bile  is  prevented  from  reaching  lb* 
intcjitincii.  The  rdic  of  the  antiseplic  effect  is  sfiovfn  by  tncubatin);  the  bile  wilh 
calomel,  when  the  (rrccn  color  persists  much  longer  than  with  pure  bile.  JafcKh, 
howTver.  (lalms  tluit  cjilomet  stonU  Ho  not  contain  hiliverdin. 

Hechanism  of  the  Cathartic  Action.— This  h  due  to  a  local  effect,  but  there  are 
differences  of  upiiiion  as  lo  its  mecliitrii^m.  1 1  h  generiilly  n  t  tributed  simply  loirritalioo, 
and  X-ray  n-ark  shows  that  periAtakis  is  increased  in  the  small  and  large  intestines 
(Meycr-Bctx  and  Ocbhardt,  igis);  but  Flcckwdcr,  tpu,  belio-cs  that  calomel  alw 
prevents  the  ahtuirptinn  of  water  in  the  small  intestine,  directly  and  by  quickening  the 
passage  of  the  contents.  Tlic  catharsis  is  prevented  by  atropin  or  opium.  It  ■»  oot 
mfiuenrcil  by  the  nresemie  or  absence  of  bile  (Valeri,  iQOf}). 

Calomel  prolmoly  acts  niainly  on  the  duodenum,  and  much  lesson  the  colon.  SmaD 
doses  may  therefore  only  sweep  the  duodenal  contents  into  the  colon,  without  produring 
a  stool.     Large  dosea  produce  griping  and  tenesmuft. 

Calomel  Diuresis. — Adequate  doses  are  sometimes  remarkably  diuretic 
in  cardiac  dropsies.  The  effect  Is  uncertain  and  does  not  usually  occur 
in  health  or  in  other  dropsies.  The  mechanism  is  not  definitely  explained. 
It  is  a  hemic  remedy,  requiring  larpe  doses  and  pcner.ally  producing  saliva- 
tion and  diarrhea.  Caution  should  be  used  in  nephritic  or  debilitate*! 
patients. 

The  diuretic  effect  of  calomel  in  cardiac  dropsy  is  said  lo  have  been  well  known  to 
the  physicians  in  the  latter  half  of  the  eighteenth  centur>'.  It  was  used,  f.i.,  by  Aka. 
Munro.  However,  it  fell  into  neglect,  and  was  practically  rediscovered  by  Jendriasik  in 
18S6.  lie  found  it  elTfCtive  mainly  in  cardiac  dro{Kie«.  in  wlikh  it  pro<iuced  result* 
far  greater  ihtLn  could  beobtiiincd  with  digitalis  or  callein.  The  urine  was  of  ten  increaaed 
to  7  or  8  L.  a  day.  The  absolute  amount  of  urea  and  chlorids  was  alw  greatly 
increased.  To  obtain  the  best  effects,  o.  j  Gm.  was  civcn  from  four  to  five  times  a  day, 
until  a  slight  mercurial  stomatitis  was  produced.  If  this  did  not  prove  effective  froBi 
the  start,  the  remedy  was  discontinued;  it  al^  seems  wise  to  intermit  it  occa*ional1y. 
The  bowels  may  be  regulated  by  opium.  Jendris^ik  remarks  that  the  cidomcl  appcan 
relatively  or  quite  InefTcctive  when  the  heart  disease  is  uncomplicated  by  dropsies; 
it  was  also  ineffective  in  pleuritic  exudates,  in  nephritic  effusions,  and  in  healthy 
Individuals.  This  report  gave  rise  to  extensive  trials  of  the  drug.  The  results  of  these 
were  summarized  by  Jcndris-iik  in  1851,  together  with  further  observations  and  rzprri- 
mcnts  «f  his  own.  His  previous  conclusions  concerning  the  l>cst  meihi>d  of  administra- 
tion, and  the  usefulness  of  cilomcl  in  cardiac  dropsies  seem  to  have  been  generally 
confirmed,  as  also  the  relative  insufficiencies  in  non-dropsical  heart  disease,  in  plroritic 
exudates  and  in  normal  individuals.  It  seemed  to  be  slightlj*  diuretic  in  the  latter 
but  the  action  can  never  compare  with  that  seen  in  cardiac  dro|»ies.  It  was  often  found 
effective  in  hepatic  ascites,  but  failed  frequently.  It  gave  good  results  in  some  cmsts 
of  nephritic  edema,  but  in  most  instances  gave  no  result;  It  seemed  impossible  to  predict 
what  it  would  do. 

The  theoretical  objections  to  the  use  of  so  powerful  a  renal  irritant  a.s  roercur>  In 
nephritis^  were  early  emphasised,  espcciallv  by  Cohn,  1887,  and  eupiKTted  by  some  cHn- 
ical  observations.  It  w;is  claime<l  that  lliere  is  a  verj-  marked  tendency  to  mervuriaJ 
symptoms,  and  that  the  nephritis  is  often  made  worse.  The'greater  number  of  oheerven, 
however,  hold  the  oppi>s)tc  view,  viz,,  that  calomL-l  does  not  render  the  nephritis  wowc, 
wbctber  it  has  a  diuretic  action  or  not.  This  is  defended  by  Jendrissik.  and  by  Heuck, 
ifiSp.  Schild,  iSg:,  reported  three  cases,  in  which  heclalms  that  a  diuretic  effect  wai 
obtained,  together  with  a  lessened  per  cent,  of  albumin;  the  daily  output  of  praletnbaai 
Ultchanged. 

Briefly,  it  seems  certaia  that  the  doses  of  calomel  which  are  advocaled  hatT  orvcr 
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produced  albuminuria  in  nurmul  individuals,  but  ibc  questioD  of  their  effect  on  mn 
existing  nephritic  ts  out  sufiicicntly  investJKalcd  to  admit  of  a  decisive  answer.  Great 
conservatism  In  its  employment  is  therefore  indicated. 

TTie  tnerhaniMtt  of  this  caiomrl  diureyii  is  nut  understood,  notwithstanding  the 
investigation  of  Jendri^ilc,  of  Colinslein,  1A92,  and  of  Vcjux-T>Tode  and  Nelson, 
iQoj.  Hecksedcr,  191 2,  finds  thut  :it[  mercury  compounds,  by  idl  melhuds  of  administra- 
tion, produce  a  diuretic  effect  in  rabbits.  He  believ«i  th»t  mercury  lessens  absorption 
of  fcwd-walcr  from  the  small  intestines;  the  water  would  therefore  reach  ihc  large 
intestines  in  excessive  ciuanlity;  ami  wIkt  abM»rl>ed  from  this  place  would  act  as  a 
diuretic.  The  explanation  i.s  not  aJtogether  satisfactory;  /.i.,  it  doe&  not  explain  the 
abeorptioD  of  exudates. 

Hydremia  in  C^ilomd  Diuresis. — I-leckseder  found  the  blood  of  rabbits  hydremic. 
Tliis  would  speak  ag.-unst  the  diuresis  bein;;  of  renal  orig^in.  In  man.  howe\'cr,  the 
results  appear  confused;  in  dropsies,  hydremia  occurred;  but  in  healLhv  mdlviduals  the 
blood  became  concentrated  by  the  diarrhwi.  I^tria,  1912,  reports  the  viscosity  increased 
independently  of  diuresis.  The  diuretic  action  of  mcrctmc  chlorid  has  been  studied 
in  rabbits  by  Ferroii,  1912. 

Injtncncc  of  Other  Drugs. — The  diuresis  is  surpresscd  by  atropio;  this  would  favor 
Flecksnlcr's  exptan:itlun;  but  npium  which  alsu  lessens  peristalsis  intreased  ibediure^is. 
ScharRorodsky,  1911,  found  it  surpresscd  by  ether  or  morphin.  Excessive  doses  of 
mercurj-  also  produce  anuria. 

The  constituents  of  the  urine  after  c.-ilomel  h;ts  l>een  studied  by  E.  Frey,  i(k»6.. 

MERCURY  IN  SYPHIUS 

The  a nti syphilitic  effect  of  mercury  was  discovered  about  1500,  very 
soon  after  the  discovery  of  the  disease;  according  to  Rhaenodacus,  it  was 
first  used  by  one  Jacobus  Carpensis,  "whose  use  was  so  successful  that  he 
presently  became  rich  thereby/"  Till  the  present  centurj-,  little  further 
advance  was  made  in  its  employment,  which  remained  entirely  empirical. 
It  was  not  known  whether  it  acts  symptomatically,  or  as  a  general  tonic; 
or  whether  it  really  affects  the  causative  agent  directly;  whether  it  merely 
relieves  or  actually  cures.  Its  affects  had  to  be  judged  entirely  by  the 
symptoms,  which  in  syphilis  are  extremely  subject  to  spontaneous  varia- 
tions. The  proper  dose,  as  well  as  the  time  and  continuance  of  its  admin- 
btration  were  therefore  regulated  only  by  caprice  and  prejudice.  This 
empiricism  was  revolutionized  by  the  three  important  discoveries:  of  the 
Treponema  pallida  as  the  causative  agent;  of  its  transmissihility  to 
monkeys  and  rabbits;  and  of  its  more  definite  diagnosis  by  the  Wasser- 
mann  reaction.  Through  these  discoveries,  it  was  (Missible  to  establish 
that  mercury  acts  directly  on  the  Treponemas,  and  not  merely  on  the 
^mptoms;  that  like  all  cbemo-lherapeulic  agents,  it  must  be  used  as 
early  as  possible,  energetically  and  persistently;  and  tliat  if  so  used,  it 
can  effect  a  perfect  cure. 

AntHuetic  Agents. — ^Experiments  on  monkej's  (Neisser,  etc.)  have 
shown  that  tnerc-ury  eradicates  the  disease  in  the  presymplomalic,  in  the 
active,  and  in  the  latent  stages.  Organic  arsenic  h  similarly  successfiJ, 
and  acts  more  rapidly.  lodids  also  have  some  effect,  but  are  much  weaker. 
Their  clinical  efficiency  in  tertiary  syphilis  must  be  by  some  other 
mechanism. 

Importance  of  Early  Treatment — It  was  formerly  taught  that  mercury 
should  l>c  postponed  until  the  onset  of  the  secondary  symptoms,  so  as  not 
to  interfere  with  the  clinical  diagnosis.  This  consideration  became  super- 
fluous with  the  introduction  of  the  laboratory  methods.  It  is  now 
recognized  that  the  chances  of  complete  success  are  the  greater,  the  earlier 
the  treatment.  This  should  be  started  as  soon  as  the  diagnosis  is  made. 
If  the  administration  is  delayed,  or  if  it  is  not  sufficiently  energetic  and 
relapses  occur,  treatment  becomes  much  more  difficult  and  requires  larger 
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doses.     In  syphilitic  aortitis,  mercury  rarely  giws  more  than  temporary 
relief  (Longcope,  1914). 

Abortive  Treatment. — The  site  of  suspected  infection  should  be  dis- 
infected and  dressed  with  an  ointment  containing  j.^  per  cent,  of  calomel 
or  o..^  per  cent,  of  sublimate  ("Neisser-Siebert  Ointment").  This  shduld 
be  followed  by  systemic  treatment. 

Systematic  Treatment. — Formerly  mercury  was  administered  expect- 
antly, intermittently  or  continuously.  It  is  now  recognized  that  the 
treatment  should  not  depend  on  the  symptoms,  and  the  exp>ectant  treat- 
ment is  therefore  of  no  use.  The  iniermiUeni  IrfoimetU  (Fournier's)  was 
based  on  the  premise  that  the  syphilitic  virus  acquires  an  immunity  la  the 
continued  administration  of  mercury,  and  that  its  susceptibility  is  re- 
established by  occasional  intermittcncc  of  the  treatment.  There  is  no 
proof  for  this  assumption;  but  the  method  seems  to  give  the  best  clinical 
results  (perhaps  because  it  permits  a  higher  temporary  concentration  of 
mercury  than  could  be  attained  with  continued  administration;  in  chemo- 
therapy, the  concentration  generally  counts  for  more  than  the  time  of 
exposure).  The  interrupted  method  also  lends  itself  better  to  combina- 
tion with  Salvarsan.  The  two  metals  probably  attack  the  parasite  in  a 
different  way;  at  least,  they  seem  more  effective  together  than  separately. 

In  the  intermittent  method,  the  mercur}'  is  given  to  slight  ptyalism, 
in  courses  of  five  to  six  weeks'  duration,  i^ith  intermissions  of  one  to  5Jx 
months,  for  at  least  one  and  a  half  ycarp;  or  longer  if  the  disease  is  not 
eradicated. 

Whatever  method  is  used,  it  should  be  aimed  to  introduce  the  maximum 
of  mercury  that  the  patient  ran  tolerate;  something  Hke  2  Gm.  of  Hg 
during  the  first  year,  and  i  Gm.  in  the  two  succeeding  years.  The  relatixT 
failure  of  the  older  methods  may  be  attributed  lo  insufficient  dosage. 

If  metasyphilitic  lesions  have  set  in,  mercur}'  is  of  little  use,  but  its 
early  energetic  use  is  the  best  preventative  of  these  lesions. 

Oral  Administration.— ^This  is  probably  the  most  congenial  method  to 
the  patient;  but  It  Is  difficult  lo  introrlucc  sufficient  mercury  on  account 
of  the  local  action  on  the  digestive  canal.  The  patient  is  also  under  \ess 
perfect  control.  It  has  therefore  been  largely  superseded  by  the  intra- 
muscular method,  but  may  l>c  preferred  under  special  conditions.  It  is 
a  continuous  method;  beginning  with  a  small  dose,  this  is  increased  daily 
by  about  10  per  cent.,  to  tenderness  of  the  gums.  The  dose  is  then  reduced 
to  one-third  or  one-half  and  continued  at  this  point  till  the  end  of  the_ 
treatment.    The  usual  preparations  arc,  in  order  of  preference: 


Gm.  {1  tojKrT). 


Hydrargyri  lodidum  Flavum  {"Proto-iodld"). . .  .oxsi    to  0.5 

Uydrftrgynim  cum  Creta 0.05    to  0.I 

Hydrargyrt  Chloridum   Corrosiviim 0.005  to  0.015  Gm.  (Hi  to 

(These  doses  three  times  dutly). 

InunctiCHL — Although  effective  quantities  of  mercury  can  be  intro- 
duced by  this  method,  the  dosage  is  always  uncertain.    Inunction, 
over,  is  time-consuming,  dirty  and  disagreeable,  and  difficult  to  kt 
secret.    It  has  a  special  field  in  the  secondary  cutaneous  lesions,  where 
must  have  a  local  parasiticide  effect. 

Inunction  is  performed  by  rubbing  about  2  Gm.  of  Ung-  Hydrarg>Ti 
into  the  skin,  until  it  is  entirely  absorbed.  This  is  repeated  every  nighi 
on  a  different  skin-area  (to  prevent  local  irritation,  especially  of  the  hair 
iolUcles),  making  the  tour  of  the  body  in  six  nights.    The  seventh  ntsbt 
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hot  bath  is  substituted,  and  so  on.    The  course  lasts  for  four  to  six 

I  plasters  are  obsolete  methods  of 
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ilations,  fumigations  i 
introducing  mercury. 

Intramuscular  Injections. — These  permit  the  introduction  of  the  maxi- 
mum of  mercury,  with  relatively  slight  gastro-intestinal  irritation  (although 
it  may  be  doubted  whether  the  stomatitis,  colitis  and  nephritis  are  less 
severe  than  with  oral  administration).  One  of  the  chief  advantages  of 
injections  is,  that  they  keep  the  patient  under  more  efTective  observation, 
and  permit  a  better  control  of  the  quantity  of  mercury  introduced.  The 
disadvantages  are,  that  the  absorption  especially  of  the  insoluble  prepara- 
tions is  variable;  and  that  the  injections  are  more  or  less  painful,  often 
with  destructive  lesions  in  the  muscles  (Robertson,  ipi,?).  These  are 
unimportant  practically.  With  the  soluble  preparation?  the  pain  lasts 
some  hours  or  longer;  T^ith  the  insoluble  several  days.  Of  these,  calomel 
is  the  most,  Oleum  cinereum  the  least,  painful.  The  pain  may  be  lessened 
by  injecting  i  c.c.  of  2  per  cent,  novocain  from  the  same  syringe.  The 
injections  are  made  deep  into  the  gluteal  muscles. 

The  preparations  uaed  Jor  inlr amuse tdar  injections  fall  into  two  classes; 
according  to  whether  they  are  absorbed  rapidly  or  slowly.  These  have 
distinctive  uses. 

The  Easily  Absorbable  Injections. — These  include  all  the  soluble  salts; 
and  the  salicylate,  which  is  insoluble  in  water  but  is  dissolved  by  sodium 
chlorid  or  carbonate. 
H  The  soluble  preparations  act  more  promptly,  the  dosage  is  under 
l?l)etter  control,  and  there  is  less  possibility  for  cumulative  action;  the 
effects  are  correspondingly  less  persistent,  and  the  injections  must  be 
repeated  at  more  frequent  intervals — every  day  to  every  third  day.  They 
are  usually  employed  in  i  per  cent,  solution.  Mercuric  chlorid  is  quite 
irritant.  The  biniotiitl,  dissolved  in  3  per  cent.  Nal  Ls  a  good  form. 
The  cyanid,  oxycyanid,  oxybenzoate  and  sucdnimid  are  al.^o  relatively  non- 
irritant.  The  average  daily  dose  is  about  i  c.c.  of  i  per  cent.  (=  o.oi 
Gm.,  \-^  gr.),  in  courses  of  five  tosi.x  weeks'  duration.  The  treatment  may 
be  intensified  by  beginning  with  2  c.c.  increasing  slowly  to  3  or  4  c.c. 
(0.03  to  0.04  Gm.).  or  untU  mild  ptyalism  occurs,  when  the  dosage  is  re- 
duced so  as  to  keep  the  patient  just  short  of  salivation. 

Afercuric  salicylate  is  employed  as  10  per  cent,  suspension  in  oil  or 
liquid  petrolatum  in  the  dosage  of  1  c.c.  It  causes  very  little  irritation, 
since  the  mercury  is  not  ioni^  (not  precipitated  by  HjS).  Asurol  is  a 
soluble  double  salt  of  mercury  oxysalicylate  and  sodium  amido-oxy-iso- 
butyrate.  It  is  injected  as  5  per  cent,  solution,  2  c.c.  (o.i  Gm.)  two  or 
three  times  a  week. 
H  The  Insoluble  Injections. — These  are  used  wilh  the  purpose  of  establish- 
Kig  "depots"  from  which  the  mercury  may  be  gradually  absorljcd,  so 
that  injections  need  only  be  made  at  weekly  intervals.  Unfortunately  the 
absorption  of  these  depots  is  not  controllable:  Sometimes  "nodes'  of 
unabsorbed  mercury  remain  indefinitely;  and  again,  their  absorption  may 
occur  suddenly,  and  give  rise  to  severe  poisoning.  Schamberg,  Kolmer 
and  Raiziss.  1915,  claim  that  only  alwut  i  per  cent,  of  the  injected  mercury 
is  absorbed  per  day,  and  that  50  per  cent,  may  remain  unabsorbed  after 
six  or  seven  weeks. 

The  convenience  of  the  insoluble  injections,  however,  seems  to  offset 
^hesc  occasional  accidents,  which  may  also  be  somewhat  discounted  by 
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judgment.  The  method  is  at  present  one  of  the  most  important.  The 
chief  preparations  are: 

Calomel,  lo  per  cent,  suspended  in  oil,  i  c.c.  twice  weekly;  this  ii 
considered  one  of  the  most  active,  but  a  painful  method. 

Oleum  Cinereum  (gray  oil),  a  40  per  cent,  suspension  of  metallic  mercury 
in  oil.  This  is  the  most  slowly  absorbed  of  the  mercurials.  The  injections 
(3^4  c.c.)  are  therefore  spaced  a  week  apart,  and  after  6ve  injections  an 
intermission  of  five  or  six  weeks  is  made  to  discount  capricious  absorptions 
five  further  weekly  injections  are  then  given.  (Semiweckly  injections 
of  y^  c.c.  may  be  substituted  for  the  weekly  injections.) 

Absorption  Jrom  IntramuscHJar  Injc<lhns. — The  mercury,  in  whatever  form  it  is  in- 
trodDced,  acl»  on  the  proteins  to  form  albuminates  of  mercury.  Tbe«c  aie  »ltoii)^y 
chemotiictic,  iinri  attract  leucocytes.  Some  of  thc»c  arc  killed,  but  others  take  up  lb« 
mercury,  especially  in  their  nuclei,  and  distribute  it  throuRh  the  body;  its  final  fate 
being  the  same,  as  with  other  methods  of  adiiiini:itration  (.Conti  and  Zuicola.  1906; 
Lombardo,  101 3).  The  quantilntive  excretion,  however,  i*  very  c;iprjrious.  There  ii 
Still  much  uncertainty  as  to  the  relative  ab&orbability  of  the  different  prcpantiona. 
WallGsch,  IQI3,  finds  that  the  solubility  of  the  preparations  15  of  subordinate  impor- 
tance; but  that  all  inorganic  salts  are  absorbed  and  excreted  much  less  readily  than  tbe 
organic  salts. 

Quantity  af  Mercury  Introduced  by  the  Different  Preparatitms. — This  may  be  «ca 
from  the  following  tabic  (adapted  from  Ncisscr,  X9ti): 
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lotravenous  Injections. — These  were  recommended  by  Bacelli,  1891,  and  are  used 
in  Mveml  clinics.  However,  they  present  some  danger  of  intoxication  and  emlMtUsai, 
at  lca5t  in  inexperienced  hands;  anti  a  large  part  of  the  mcrcur>'  is  excreted  >o  prumptly 
that  it  probably  has  little  effect.  Mercuric  chlorid,  iodid,  or  cyanJd  b  used,  m  i 
per  ccnL  solution,  i  to  3  c.c.  daily  or  every  second  day,  injected  into  a  stiperficial  ana 
vein,  wilh  gloss  syringe  and  platJnum-iridium  needle  (Cnime,  1908).  SimPar  injec- 
tions have  been  tried  in  puerperal  infections  (Barsony,  1909). 

Spinal  Injections  of  Mercurialized  Serum. — This  was  introduced  by  Byrnes,  1914, 
and  i.s  endorsed  by  Ireland  and  Wiliion,  191^  a^^iinst  cercbro-unnal  syphilis,  ai  boos 
about  equally  succe:isful  and  »ufe  as  thr  Swiu-Kllts  scrum.  It  has  tbe  advantage  tibat 
the  serum  may  be  kept  on  hand.  It  \s  prepared  by  adding  t  c.c.  of  at]  per  ccni.  lBtr> 
curie  chlorid  to  12  c.c  of  normal  human  or  horse  serum,  liealing  to  sd'C".  for  one-half 
hour.  This  Rives  a  clear  solution.  This  dose  (double  would  be  safe)  is  injected  by 
gravity,  at  body  temperature,  after  withdrawing  cerebro-^pinal  fluid  till  its  presture  s 
30  mn.  £.  L.  Hunt,  1916,  also  reports  cncourKgiiig  results.  Hall,  Culbcrtaoo  and 
Slaght,  1016.  describe  the  reactions  following  the  intraspinal  injection  Tbey  axe  ttstaUji 
Rot  serious. 

Inhatatkm  of  Mercury  or  Calomel  Vapor. — Thb  has  been  abandoned,  m^oly  be- 
cause of  the  uncertain  dosigc>  It  also  produces  marked  pulmonary  h>-pcrcnua  (Ricfccr 
and  HeMC,  1914). 

Organic  Mercury  C«8npooods.^0n  intravennuK  injection  thcw  produce  at  fifH 
charattcrLstic  acute  "molecular"  actions,  distinct  from  those  of  mercurj-;  and  whicb 
tn  absent  when  they  are  absorbed  morr  Rradually.  The  mercury  effects  set  in  u  lk> 
mercury  is  split  ofi;  the  intensity  of  action  depending  on  the  readiness  of  tbis  Uberatiaii. 
and  on  the  rapidity  with  which  tbe  molecular  form  b  excreted  (F,  MueUer,  Sc^odkr 
and  Schraut,  1911). 
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Combined  Arsenic  and  Mercury  Treatment. — This  is  generally  con- 
sidered to  give  liic  best  results.  Its  prlncIplL*  is  tu  bring  the  patient  rapidly 
under  the  influence  of  the  quickly  acting  Salvarsan,  inlravenously;  then 
of  the  more  absorbable  mercurials,  and  then  to  keep  him  mercurialized 
with  the  less  absorbable  compounds;  repeating  the  Salvarsan  at  intervals. 

Salvarsan  is  given  on  the  first  day  and  repeated  at  the  end  of  a  week  and 
again  in  a  month.  Intramuscular  injections  of  absorbable  mercury  (todid, 
salicylate  or  Asurcl)  arc  made  during  the  first  two  weeks;  insoluble 
lercury  (calomel  or  gray  oil)  from  the  third  to  the  sixth  week. 

SzUyuid  FricdcRthot,  1915,  deKribc  promising  results  from  iatravenousormuscular 
iDJeclioDS  of  «  mercury-ancDic-ioclid  cumbtnation. 

^M  Continuance  of  Treatment. — When  the  above  treatment  is  used  (or 
^when  it  is  modified  by  the  omission  of  the  Salvarsan,  or  by  using  a  single 
mercurial),  a  Wassermann  test  may  be  made  at  the  end  of  the  first  course. 
Even  if  this  is  negative,  the  patient  can  not  be  considered  cured,  for  re- 
lapse wnuld  be  the  rule.  An  intermission  of  six  weeks  should  be  given, 
then  another  six-weeks'  course  of  mercury;  preceded,  if  desired,  by  a  Salvar- 
san injection.  After  a  two  or  three  months'  intermission,  a  Wassermann 
test  may  be  made.  If  thi."t  is  positive,  the  course  must  be  repeated;  if 
negative,  the  question  of  cure  may  be  considered.  Generally,  however,  it 
will  be  safer  to  repeat  the  courses  at  lengthening  intervals,  during  two 
years. 

Contraindications  of  Mercury.— Caution  should  be  exercised  in  weak 
or  anemic  individuals,  in  albuminuria,  during  digestive  derangements, 
and  in  diseases  of  (he  moulh  or  teeth.  Pregnancy  is  not  considered  a 
contraindication.  It  is  safer  to  begin  treatment  with  small  doses,  ^ce 
some  patients  are  hj-pursusceplible. 

^P  Vegetable  Antisyphilitics. — The  prejudice  against  mercur)'  has  led  lo  the  inlroduc- 
tioD  of  a  number  of  vegetable  "alteratives" — Echinacea,  Phytolacca,  Iris,  SarsapariUa, 
etc..  but  their  usclessncsa  li  attested  even  by  nrodcm  eclectics  (lillton,  1909). 
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P  MERCURY  IN  TUBERCULOSIS 

Thii  wu  advised  by  B.  L.  Wright,  but  ELu-tz,  1910,  found  the  ultimate  results  detri- 
IBeotal  aod  oever  beDeOcial. 


PREPARATIONS— ilETALLIC  MERCURY 


Bydrargyrum  (Hydrarg.),  U.S.P.,  B.P.;  Mercury  (Quicksilver);  Hg.— A  fluid,  sU- 
▼er-white  heavy  metal.  It  is  used  only  in  finely  divided  form,  as  in  the  following 
preparations: 

'llydrargyrum  cum  Crtta  (Hydrarg.  c.  Crct.),  C.S.P.,  B.P.;  Mercury  wilh  Oialk 
(Gray  Powder). — Contains  38  per  cent,  of  Hp.,  IJ.S.P.;  33  per  cent.,  B.I'.,  with  honey 
and  chalk.  A  light  gray,  ralhcr  damp,  sweeliih  powder.  IJsed  especially  to  secure  the 
constitutional  elTctt  of  niprctiry  in  infantile  syphilis.  Dt>se,9.3^  Gta.,  4  gr.,  U.S.P., 
equivalent  to  about  o.i  Gm.  of  metallic  micrcur>-;  0.06  to  0.3  Gm.,  i  to  5  gr.,  B.P.; 
dtspen^d  in  jKiwdcrs. 

Emp.  Hydrarg.,  B.P. — ^^  per  cent,  of  Hg.  in  lead  (faster  base.  Used  against 
glandular  enlargements,  etc. 

Lin  Hydrarg.,  B.P. — 50  per  cent  of  Ung.  Hydrarg.,  with  ammonia,  in  Camphor 
Liniment. 

•AffljEM  Hydrargyri  (Mas*.  Hydrarg.),  U.S.P.,  Pit.  Bydrorg.,  B.P.  (Blue  Mass,  Blue 
Pil')- — 33  per  cent,  of  Hg.  A>«,  0.35  Gm.,  4  gr.,  U.S.P.;  o.as  to  0.5  Gm.,  4  to  8  gr., 
B.P.     Used  similarly  to  Calumcl. 

*Ungu4ntum  Uydrargyri  (Ung.  Hydrarg.J,  U.S.P.— 50  per  cent  of  Hg.,  in  Suet  and 
Lard.     Used  for  inunctioo. 
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1  ^B^ue  Ointrotnt). — 30  per  croL 
Used  especially  ogaiiist  cuuncom 


•Unf.  Hydrari.  Dii.,  U.S.P.;  6  »«.  llydmrg,  B.P 
of  Hg.,  in  Suet  and  Lurd  (with  petrolatum,  U.S.F.}. 
parasites. 

Ung.  Hydrari.  Co..  B.P.  {Scott's  Dressmg). — 13  per  cent  of  Hg.  and  of  Csmpbar. 
Used  in  synovitis,  etc. 

'Oicum  Cinereum,  B.P.C.  (Gray  (Ml). — 40  per  cent. 


PREPARATIONS— INSOLUBLE  UERCUROUS  COUPOUKDS 


'tlydrarsyri  CMoridum  MiU  (Hydrare.  Chlor.  Mit.),  U.S.P.;  Hydrvtyri  5\ 
idum  (Hydiurg.  Subchlor.J,  B.P.;  Mild,  Mcrcurous  Ctlorid  ICalomel,  ProiocUorid  of 
Mcrcuryj;  HgCl. — Fine  while  powder,  odorless  and  laslcless.  Practically  insol.  io 
water  ot  dc.  I ntom ptstibic  witb  alkalies;  oxidizing  acids;  iodids  and  bromids;  and  <ntli 
a  nnixlurc  of  sodium  hicirbonnte  and  antipyrin  (J.A.M.A.,  56  :  387  (191 1).  Patt^  ki 
laxative,  0.15  Gm.,  3,^  gr.;  as  ailcrativc,  15  mg..  y\  gr.,  f.S.P.;o.03  to  0.3  Gin..  H  Io 
5  gr.,  B.P.;  a5  powder  or  tubtets.     MnxiniiiiTi  dose,  o.b  Gm.,  10  gr. 

Pit.  Uydrarg.  Sitlrcki&r.  Co.,  B.P.  (PlLrampr's  Pill),— jj  per  cent,  of  Hydrarg.  Sub- 
chlor.;  aipercent.of  Antim.  Sulpburi^j  [Krcent.of  Guaiac  Res.  Dt.se, 0.35  to 0.5  Gta^ 
4  to  8  gr.,  B.P. 

Ung.  Uydrarg,  SubcUor.,  B.P.  (Calomel  Ointment). — ^20  per  cent.,  in  Benz.  Lcrd. 

*HydraTgyri  lodidum  Flavutn  (Hydrarg,  lod.  Flav.),U.S.P.;  Yellow  Mcrcurous  lodid 
(Mcrcurous  lodid;  Protoiodid  of  Mercury);  Hgl. —  Bright,  yellow  amorphous  powikr, 
wilhmtt  odor  or  taste;  almost  insol.  in  water,  wholly  insol.  in  ale.  On  exposure  to 
light,  it  darkciiis  by  decomposition  into  mercuric  iodid  and  metallic  mcrcur>'.  J»- 
(ampmUile  »vith  oxidising  ajjciits,  nlkalics  and  carbonates,  chlorid.  bromids  and  iodidk 
Dose,  10  mg.,  i-Q  gr.,  U.S. P.;  roaximum  dose,  0,05  Gm.,  i  gr.  ''Great  lodid"  isanaoafe- 
gous  salt  prepared  by  a  different  method.     It  is  said  to  be  les.<t  potent. 

Lath  Hyarargyri  Nigra  (I.ot.  Hydrarg.  Nigr.).  B.P.;  Black  Mercurial  Lotioo  (BUck 
Wash). — A  suspension  of  mercurous  oxid,  obtained  by  mixing  0.685  '^^^^  °t  Calomel 
with  55  C.C.  of  Lime-WBler  and  5  c.c.  of  Glycerin.  Used  on  venereal  sores  and  foul 
ulcers. 

Hall,  Culbcrlson  and  Slaght,  tgi6,  describe  Uic  rcaclioos  (oUon'iog  tbc  tuUmspiuJ 
injection.     They  are  usually  not  serious. 


PRBPARATIONS-INSOLL-BLB     MERCURIC    COMPOUNDS 


Bydrargyrum  AmtMoniitlum  (Hydrarg.  Amnion.),  U.S.P.,  B.P.;  Ammonia 
Mcrcur>'  ^Vbitc  Precipitate);  NHiHgCL^ — White,  amorphous,  insoluble  po»<lcr, 
obtained  by  precipitating  HgCI:  with  ammonia.  Represents  about  80  per  cent.  Hi. 
Irritating  and  not  used  internally.  Employed  externally  against  eczema  and  panuttK 
skin  diM:u:»cs,  especially  pediculi,  ms  dusting  puwdcr,  but  chiefly  as: 

•t'ng.  Hydrarg.  Amman.,  U.S.P.,  10  per  cent.  In  woolfat  and  white  pelfoUtaa 
(U.S.P). 

•i/ng.  ItvdrarR.  Amman.,  B.P. — 5  per  cent,  in  Benx.  Lard. 

•Hydrar'ayriOxidumi-'lamm  (Hydrarg.  Oxid.  Flav.),  U.S.P.,  B.P.;  Yellow  Meroint 
Oxid;  HgO.- — Light  nrangc-ycllnw  amorphous  powder,  turning  darker  on  exposun  >« 
light.  Odorless;  somewhat  metallic  taste.  Nearly  insol.  in  water  or  ale.  /»■*•• 
PatihU  with  actds.     Maximum  dose,  0.03  Gm.,  ,^  gr.     Applied  chie0>-  as: 

'Ung  Hydrarg.  Oxid.  flav.;  U.S.P. ,  10  per  cent.;  B.P.^  a  per  cent. — It  is  used  • 
ophthalm<ilogy  against  inflammations  of  the  lids  and  conjunctiva,  Lteiog  diluted  "ilk 
petrolatum  so  as  to  contain  1. 10  to  3  per  cent,  of  the  oxid.     "Pagenstecher's  Oiotnxot 
contains  4  per  cent. 

Lttlio  Hydrargyri  Flova  (Lot.  Hydrarg.  Flav.),  B.P.;  Yellow  Mercurial  Lotio* 
(Yellow  Wash). — A  suspension  of  mercuric  oxid,  obtained  by  mixing  0.46  HgCli.  *^ 
100  lime-water.     Used  as  application  to  venereal  sores. 

Hydrargyri  Oxidum  Ruhrum  (Hydrarg.  Oxid.  Ruhr.),  U.S.P^  B.P.;  Red  Mernmt 
Oxid  (Red  Precipitate),  HgO. — Orangc-rcd  crystalline  scaies  or  powder.  Because  of  lO 
gritty  character  it  can  nul  be  used  on  the  eye,  but  its  Ointment  is  employed  tatus 
diseases,  etc. 

Ung.  Hydrarg.  Oxid.  Rtibr.,  B.P.*— 10  per  cent. 

Olealum  Hydrargyri  (Oleat.  Hydrarg.),  U.S.P.— Made  by  dissolving  15  per  tot 
of  yellow  mercuric  oxid  in  hIcic  acid. 

Hydrarg.  Olritl.,  B.P. —  jo  per  cent,  of  Mercuric  Oxid  in  Oleic  Add. 

Ung.  Hydrarg.  OUat.,  B.P.— 25  per  cent,  ol  the  OleaL 


ft 

kt. 


PREPABATIONS — SOLUBLE    UERCURtC    COKPOUXDS 

'BydroTgyri  CUortditm  Corrashunt  (Hydrars-  Chlor.  Corr.)  U.S.P.;  ffydrargyri 
PerckUridum  (Hydrajg.  Perchlor.),  B.P.;  Corrosive  Mercuric  ChJorid  (Corrosive  Sub- 
limate; Bichlorid  or  PcrchJorid  of  Mercury);  HgCli. — Heavy,  colorless  crj'stols  or  white 
powder  of  acrid  nietallit:  laste.  Slowly  sol.  in  water  {i :  15.5,  fredy  sol.  in  alc.(i  :  58), 
sol.  in  glyc.  (1  iii]  or  eth.  (i  :  ja).  It&  solubility  j&increiued  by  ammoiuum  or  sodium 
chlorid  and  tartaric  or  citric  acid  ("Sa.1  Alcmbroth" — 2  parts  HgCU,  i  part  NaCl). 
Incompatible  with  alk^ilits  and  carbonates;  iodid;;;  many  alkaloids  and  other  orgaiJc 
compouods  and  reducing  agtnls.  Dose,  j  mg.,  l-n,  gr.,  U.S.P.;  a  to  4  mg.,  }^a  to  J^b 
gr,  B.P.     Masimum  dttsc,  ,jo  mg.,  ^ii  Sf- 

Li^.  Ilydrarg.  Percliiar.,  B.P. — 0.1  per  cent.     Dose,  2  to  4  c.c,  ^^  to  1  dram,  B.P. 

'ToxitabtUte  Uydrargyri  CSflorldi  Corroshi  (Toxitab.  Hydrarg.  Ctilor.  Corr.) 
TJ.S.P.;  Poison  Tablets  of  Corrusive  Merturic  Clilorid  (CorroMve  Sublimate  Tablets; 
Bichlorid  Tablctfl). — In  order  toRuard  against  accidents, the  U.S.P.  directs  these  tablets 
to  be  of  an  angular,  not  disk  shaiic,  each  having  the  word  "  Poison  "  and  the  skuH  and 
cross  bonf^  design  distinctly  stamped  upon  it.  Each  tablet  contains  not  lc<v<t  than 
0^45  Gm.  nor  more  than  0.55  Cm.  of  H^Cli.  and  abtmt  0.5  Gm.  of  XaCl,  and  is  to  be 
colored  blue,  preferably  with  Mxlium  indignlindLsulphonatc.  Pninnn  Tablets  of  Corro- 
sive Mercuric  Chlorid  should  be  tlispensea  in  securely  stoppered  gla^s  containers  on  the 
exterior  nl  which  It-  piriced  a  red  label  bearing  the  word  '^Poison"  and  a  statement  «f  the 
amount  of  corrosive  chlorid  in  each  tablet.  A  tablet  to  a  pint  of  water  makes  an 
approximately  I  :  1,00a  sulutiun. 

tlydran.  Cyan.,  N.N.R.;  Hg(CN)i.— Sol.  in  water  (i :  11.8)  or  ak.  (i :  15).  Used 
like  Hvdrarg.  Chlor.  Corr.     Maximum  dose,  20  mg.,  Ij  gr. 

ffydrarg.  Oxycyan.,  N.X.R.;  HgCNIDiHgO.— Sol.  in  water  (r  :  17).  Used  like 
Hydrarg.  Chlor.  Corr.;  said  to  be  less  irritating  and  docs  not  corrode  metals^ 

*flydrargyri  lodidum  Ruhrunt  (Hydrarg,  loH.  Kubr.),  U.S.P.,  R.P.;  Red  Mercuric 
todid  (Biniodid);  Hglj. — Scarlet  red  powder,  odoHe&s  and  tasteless.  Nearly  insol.  in 
n-ater,  slightly  sol.  in  ale.  {i  :  115);  rendered  wil.  in  water  by  the  presence  of  fimr-fifihs 
its  weight  of  K.I  or  Nal.  Incompatible  with  alkalies  and  carbonates  and  alkaloids. 
Dost,  i  mg.,  Mo  gr»  U-S.P.;  a  to  4  mg.,  ^^2  to  Hs  &t  B.P.     Masimum  dose,  ao  mg., 


I 


I       ung.  Il^rarg,  lod.  Rubr.,  B.P. —  4  per  cent. 

I       'Polnsiium  Mercuric  Iiklid,  N.N.R.;  KiHglf. — ^Thi»  is  usually  made 


as  estempo- 
laneous  solution,  by  dissolving  Hglj  or  HgC'lj  in  excess  of  Kt  (i  :4)..  For  intra- 
muscular  injection,  the  corresponding  Mxtium  >alt  h  preferred  (Hgli*i;  Nal^j; 
Water  =  100). 

{'Liq.  Afsen.  Et.  Hydrarg.  lod. — Sec  Index.) 

Liq.  Hydrarg.  Sit.  Acid.,  B.P. 

VHg.  Hydrarg.  Sil.,  U.S.P.,  B.P.  (Citrine  Ointment).— 7  per  cent,  of  Mcrcu^, 
dissolved  in  Nitric  Acid,  and  diluted  with  Lard  (and  olive  oil,  B.P.).     Used  as  antiseptic, 

tant  and  caustic. 

Ung.  Hydrarg.  \}t.  Dtl.,  B.P.— aoper  cent,  of  the  Ointment. 

'Hydrargyri  Salicylas  (Hydrarg,  Salic).  U.S.P. — .\  compound  of  mercury  and 
salicylic  acid  containing  about  S7  t*r  cent.  Kg.     White,  slightly  yellowish  or  slightly 

ftinbi^h  powder;  odorless  and  tasteless.  Nearly  iniK)!.  in  water  or  ale;  <m>1.  id  alkalies, 
orming  a  double  sidl,  Imompnlihle  with  alkalies.  Dos,r,  4  mg.  )  I'a  gr,  CS-P.;  intra- 
muscular, 0.6  c  c.  of  10  per  cent,  suspension  in  liquid  paraffin  ever)-  four  days.  Mazi- 
mum  dose.  ;o  rag.,  \i  gr. 

Hydrareyri  Succinimidum  (Hydrarg.  Sucdnim.),  X.N.R. — Siol,  In  water  (1  :7s); 
digbtly  solTin  ale.  (i  :^ooJ.  i>ot<,  10  to  15  mg.,  ^  to  .^4  gr.;  Intramuscular,  0.5  to 
I  c.c.  of  J. 5  per  cent.,  daily.     Relatively  non-irritant. 
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^  General  Statement. — The  lead  salts  precipitate  proteins  and  therefore 
act  as  local  astringents.  Their  acute  toxicity,  however,  is  low.  They 
are  fairly  easily  absorbed  but  very  slowly  excreted,  so  that  they  tend  to 
produce  cumulative  effects  and  chronic  poisoning.  This  is  a  common 
disease  with  characteristic  symptoms:  Nuiritional  and  structural  changes 
(anemia,  etc.)j  paroxysmal  colic  (stimulation  of  the  nervous  mechanism 
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of  the  intestines);  "drop-wrist"  and  other  muscular  paralyses  (direct  dc- 
pressioDof  the  muscle);  central  motor  stimulations  (tremors,  "arthralgia"); 
psychic  changes  ("cnccphalopathia");  etc.  On  withdrawal,  these  phe- 
nomena generally  recede;  but  the  patient  is  apt  to  remain  in  bad 
health.     Prophylaxis  is  more  important  than  treatment. 

Astringent  Actions. — Lead  acetate  and  subacetate   (*'lead   water") 

firoducc  more  astringent  and  less  irritant  effects  than  other  soluble  metal- 
Ic  salts.  They  arc  effective  in  diarrhea  and  catarrhal  inAammatioos; 
but  they  are  so  liable  to  produce  chronic  poisoning  that  they  .should  never 
be  used  internally  nor  on  open  surfaces;  and  even  on  the  skin  their  use 
should  not  be  long  continued.  "L*ad  and  opium  wash"  is  used  in  super- 
ficial contusions.  Saturated  alcoholic  solution  of  lead  acetate  is  e»- 
peciallv  effective  in  Rhus  ("U-y")  poisoning.  Emplastrum  PliunbH- 
"Diacnylon  plaster"' — acts  as  a  mild  irritant. 

ACUTE  LEAD  POISONING 

This  is  a  rather  rare  intoxication,  gcacrally  producrd  by  the  Hcrlate  or  sabacctalc, 
soroctimes  by  the  carbonate  (while  lead).  Ine  pbenomcna  ore  at  fint  local  and  not 
immediately  daiigerou=>,  but  they  arc  generally  foMowed  by  chronic  poisoDing. 

The  best  irr-itnient  is  the  sul ministration  of  some  soluble  sulphate  (magnesium  or 
sodium),  which  may  mvc  animals  from  several  times  the  fatal  dose  (Dauwe,  1907). 
Tannin,  milk  and  eggs  may  also  be  used.  The  stomach  must  then  be  washed  aod  a 
cathartic  administered.     Colic  is  trciited  symptomaticaHy,  as  in  chronic  poLtoning. 

Pheoomena  of  Acute  Poisooing. — There  is  iin>t  a  sweet,  then  dL>>agreeably  metallie 
and  astringent  taste.  In  a  few  minutes,  sometimes  in  several  hours,  Uiere  U  x'omitisf 
(which  is  often  milky  with  lead  cblorid),  burning,  abdominal  pain  and  tfaint;  tben 
obstinate  constipation  or  diarrhea  with  black  stools  (lead  sulphia). 

Severer  casci  »how  collapse  with  »low  puli^e;  or  muscular  cramps  and  colic.  Fatal 
cases  pass  into  coma  with  or  without  convulsions.  The  fatal  dese-  lies  above  50  Cm. 
Postmortem,  there  is  little  characteristic,  cicept  the  IocaI  astringent  changes. 

Most  patients  recover,  apparently  completely,  in  two  or  three  days;  but  after  a  few 
weeks  they  show  the  phenomena  of  chronic  poisoning  (also  animals  Dauwe,  igorK 
Application  to  the  surface  (lead  wash.  Diachylon  plaster)  has  rarely  if  ever  caused  acute 

giisoning  (Paessler,  1894).     Diachylon  pills  (as  abottifacteDt)  have  proven  iMic  (A. 
all  and  Ransom,  1906^  W.  K.  Warner,  1^7). 

ABSORPTIOR 

All  lead  compounds  arc  absorbed  slowly  but  unmistakably;  chiefly  from 
the  alimentary  tract,  but  also  from  the  lungs  and  tissues;  and  with  long- 
continued  use  even  somewhat  from  the  skin  (Lewin,  1883). 

The  skin  is  probably  the  least  important  channel.  It  probably  pU>-8  do  port  io 
industrial  poisoning.  The  lungs  are  aUool  subordinate  im|>Drtancc,  the  toxicity  ol  the 
lead  dust  being  due  to  swallowing  rather  than  to  inhalation  (Carlson  and  WocUd* 

Absorbability  of  Different  Compounds  (Cf.  A.  Hamilton,  1912). — This  is  indepeiMl- 
ent  of  their  solability  in  water.     I.«ad  carbonate  and  even  lead  sulphate  are  diaravcili 
(airly  readily  by  the  .ltd  of  the  gastric  juice.     Alkalies,  including  milk,  diminish  the  aoltt- 1 
tion  (Carlson  and  Woclfel,  1913).     Alkalies  of  the  concentration  nf  the  pancrpatic  uti 
intesdnal  juices  convert  lead  sulphate  into  carbonate  and  lead  carbonate  into  a  miitum  J 
of  neutral  and  basic  carbonate  (Auerbacb  and  Pick,  1913).    Lead  a  also  rendered  sala- 
ble on  the  bronchial  mucosa.     Presumably  it  form*  soluble  protein  combinations.     Th»j 
sulphid  was  supposed  to  be  inabsorbable.  but  Woelfet  and  Carlson.  1914  showed tbatltil 
alnoriied  suRkiently,  even  from  ores,  tn  be  dangerous-     The  toiidty  of  the  varioos  Ica4j 
pigments  is  reviewed  by  .\  Hamilton,  1913- 

RETENnon 

Lead  disappears  rapidly  from  the  blood  (the  greater  part  in  leu  than  two  tni&Bta 
after  intravenous  injection;  Dauwe,  1907).  Tbe  main  part  is  deposited  in  the  oncaH 
(Kobert) ;  crKist  in  the  kidneys,  then  tbe  tnoes,  then  tbe  liver  and  other  glands,  leut  !■  j 
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the  brain,  striped  umi  smooth  muscle  ami  iW  blood.  Tt  may  be  retained  far  years  and 
bedemoostrablriit  time<iin  the  urine.  In  chronic  poisoning  of  dogK,  it  exists  in  the  Uver 
u  a  6rm  globulin  combination  (Riva,  1913)- 

I  EXCRETION 

This  occurs  mainly  by  the  fece«;  (smaU  and  large  intestines  and  bile)^ 
and  10  a  lesser  extent  by  the  urine;  traces  also  by  the  saliva, sweat  and  milk. 

All  is  excreted  to  oreanic  combination,  except  the  unabsortied  fraclion  in  the  feces 
(Erlenmcyer,  101,1).     Tne  skin  is  usually  credited  with  some  excretion  becauw  it  gives 
the  black  color  of  lead  aulphid  when  painted  with  ammonium  sulphid;  but  Mtura  found 
this  depends  simply  on  th<;  adherence  of  tend  to  the  skin. 
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CHRONIC  LEAD  POISONING 


This  is  very  common  on  account  of  the  extensive  industrial  use  of 
lead  and  its  indefinite  storage  and  cumulative  action.  The  lead  acts 
independently  on  the  blood,  nutrition,  muscular  and  nervous  structures; 
and  it  is  difficult  to  separate  the  direct  and  indirect  actions.  Similar 
phenomena  may  be  produced  in  animals. 

Sources  of  Chronic  Lead  Poisoning. — Over  a  hundred  industrial  processes  use  lead 
or  one  of  its  salts,  and  the  workers  in  these — painters,  dyert,  typc-scttcrs  and  type- 
founders, plumbers,  ctc.^ — are  the  must  frequent  sutTercrs  after  lead  miners  and  the 
workinzmen  in  wbile-lead  and  red-lead  factories.  Artisans  working  with  lead  paints 
are  by  far  the  most  common  victims.     Automobile  factories  furnish  numerous  victims. 

Comprehensive  remw&  of  industrial  lead  pt)istining  are  given  by  A.  llamiitoa 
(potteries,  iQii;  painters'  trades,  191J;  lead  ametting,  1914). 

The  occurrence  of  chronic  lead  p^^i^ning  is  by  no  means  confined  to  these  arciuins. 
The  metal  is  so  widely  distributed  that  every  one  is  to  some  extent  cxjiosed.  Some  of 
the  vrayi  in  which  potsoninif  has  occurred  arc  rather  surprising,  /./ .,  by  hair  dyts. 

The  smoke  and  funics  from  lead  factories  ci<ntain  quite  a  large  amount  of  the 
metal.  This  is  deposited  on  the  !>oil  and  on  the  .surface  ol  plants,  and  is  aUo  taken  up 
into  the  tissues  of  the  latter.  Cases  of  poisoning  have  been  referred  to  the  noilk  of 
cows  fed  on  these. 

The  fruit  from  orchards  that  have  been  sprayed  with  lead  urscnale  cunlaias  traces 
of  lead  (Sonntag,  iQi<};put  probably  not  sutlicient,  ordinarily  to  be  harmful. 

The  danger  irooi  Iwd  waier  pif'ei  has  btcn  much  i:ontr  over  led. 

At  present  tt  seemx  to  he  accepteil  that,  if  perfectly  pure  water  is  allowed  to  flow 
through  bright  and  clean  lead  pipes,  poisoning  results  invariably.  In  this  case  the 
surface  of  the  lead  ia  changed  into  a  hydrate  (Clowes,  igos'l,  and  this  i*  suffidcDtly 
soluble  to  cau3c  llic  intoxication.  But  the  danger  is  very  mucb  less  with  old  lead  pipes 
fts  ordinarily  used;  tlicse  have  hecomc  lined  with  a  layer  of  lead  oxid,  PbO  +  rb. 
Thi'«  is  quite  insoluble,  and  does  not  readily  form  a  hydrate.  The  solubility  ig 
increased  by  oxygen  and  salts,  especially  by  nttrate^t  (Fortner,  1903),  but  even  by 
sulphates;  it  is  diminished  by  carbonic  acid  and  carbonates  (Paul,  etc.,  1906). 

Ordinarily  lead  pipes  would  therefore  present  but  little  danger.  But  even  then,  if 
the  water  is  allowed  to  stand  a  long  time  in  the  pifKs,  some  solution  ia  iMund  to  occur. 
Oa  account  of  this  danger,  lead  pipes  should  be  condemntd. 

The  employment  of  Ic.^d  vessels  for  cooking  should,  of  course,  be  entirely  discarded. 
Tinned  vessels,  especially  tin  cans,  usually  also  contain  a  certain  amount  of  lead  in  the 
adder.  If  the  percentage  docs  net  exceed  a  certain  limit  ( 10  per  cent,  for  solder,  1  per 
cent,  for  tin  plate)  the  lead  seems  so  firmly  combined  in  the  idloy  a«  to  prevent  its  sotu- 
tioD  even  by  motlcrately  acid  liquids,  such  as  vinegar.  If  it  exceeds  this  quantity,  a 
certain  amount  will  be  dissolved,  and  will  exert  its  toxic  action.  The  addition  of  some 
lead  is  also  necessary  in  tin-foil,  such  as  is  used  for  wrapping  articles  of  food,  to  make 
the  tin  workable.  Here,  al5o,it  is  harmless,  if  it  docs  not  exceed  a  certain  limit.  Lead 
enters  into  the  glazinj;  of  eiitliun-xarr  vessc!s,anri  is  contained  in  many  v.trteties  of  glasi; 
but  if  it  exists  entirely  in  the  form  of  silicate  of  lead,  it  presents  no  dinger.  All  these 
vessels  may  be  easily  tested  with  sufficient  accuracy  by  allowing  vinegar  or  dilute  aceUc 
add  to  stand  in  them  for  twenty-four  hours  and  then  {lassing  a  current  of  sulphuretted 
hydrogen  through  the  liquid.  If  there  i&  no  precipitate,  the  iunouot  of  lead  it  below 
the  dangerous  limit. 
SI 


HAF7VAL  or  PHARMACOUJCY 


It  is  somewhat  peculiar  that  U-id  bullets  JQ  a  wound  do  not  usuatly  gwm  to  cxen  the 
lead  action,  They  prob;tl>ly  become  oxidized  in  such  a  w&y  thul  nunc  ot  the  metal  it 
absorbed.  However,  with  small  shot,  which  offers  a  large  surface,  ^verat  casa  ol 
severe  uod  fatiU  poisonine  have  been  reported  (Curtillct  and  Lombard,  191  j). 

Individual  SoEceptibility. — There  is  no  acquired  toleiancc  lo  lead,  but  the  luturil 
ausccpLibility,  varies  prc.illy  .is  concerns  the  time,  »«veriiv  and  symptonw  n/  poboainj; 
These  liifferences  (]ej>eiid  [wirtly  oil  personal  and  factory  hygiene,  partly  on  diffcrencck 
of  absorption  and  cscreiion;  on  general  h?alih  and  resistance;  ami  other  unknnwn  (ac- 
tors.    Anemia  and  alcoholbm  are  believed  to  increase  susceptibility. 

The  quantity  cf  lead  required  tn  produce  ptii^oninj*  15.  not  definitely  known  and  niusi 
vary  with  the  susceptibility.  Brouardel  believes  that  poisoning  may  re*uli  from  1 
mi;,  per  day;  others  place  it  much  hi^hir.  Gaertner  claims  that  aymptonu  occur  in 
man  only  after  sc^xral  months  with  a  daily  inf;rstion  of  i|  to  7  mg.,  In  three  to  four  weeks, 
if  the  daily  dose  is  60  mn-  (1-Iueggt  »nd  HeSter,  igii). 

Tkelmgths  of  tx^iurc  varies  greatly;  from  a  week  or  less,  upward. 

Characteristic  Symptoms  of  Chronic  Lead  Poisoning  (Cf.  Alice  Hamil- 
ton, 1912). — These  have  a  slow  aitd  vague  beginning  and  run  an  irregular 
and  intcrrailtent  course,  with  paroxysmal  symptoms  and  recurrences. 
They  may  develop  only  some  months  after  stopping  wiark  with  lead. 
They  are  quite  independent  of  the  channel  of  introduction. 

The  first  sip^ns  are  rather  indefinite  manifestations  of  bad  health: 
Pallor,  disproportionate  to  the  anemia  (spasm  of  cutaneous  vessels?): 
Uad-iine;  foul  breath,  bad  taste,  caries  of  the  teeth,  gingivitis  often 
chronic  parotitis.  Anorcvia  and  various  digestive  disturbances:  Nausea, 
\*omiting,  diarrhea  or  constipation.  Loss  of  flesh,  especially  in  the  cheeks. 
Recurrent  attacks  of  weakness  and  trembling;  increasirtf;  loss  of  strength; 
spots  Ijcforc  the  eyes,  itching  of  the  eyelids;  rheumatic  pains. 

There  is  cachexia,  with  the  skin  dry,  gray  or  slightly  icteric. 

Bhod  Changes. — The  hemoglobin  and  red  corpuscles  are  dimini.shcd. 
The  latter  contain  basophilic  granules,  staining  with  methylene  blue. 
This  "stippling"  is  an  important  early  and  almost  constant  diagnostic 
sign  (van  Emden  and  Klcerekoper,  1904);  although  the  basophilic  gran- 
ules may  occur  also  in  other  anemias,  and  are  sometimes  absent  tn  lead- 
jKMsoning.  Many  of  the  corpuscles  are  destroyed,  producing  icterus  and 
\ri<U-ly  distributed  "hemosiderin."  Schnitter,  1915,  attributes  the  blood 
changes  to  injury  of  the  bone-marrow,  involving  also  the  leucoblastic 
tl»iue. 

The  Ltad-iinf. — This  consists  in  a  slate-colored  margin  of  the  gums 
where  they  meet  the  teeth.  It  is  one  of  the  eariicst  and  most  constant 
ftignv,  and  occurs  also  in  animals.  It  is  due  to  the  precipitation  of  lead 
•ulnhid  (Ruge).  Similar  lines  are  given  by  bismuth,  silver,  mercur>*,  iron, 
and  perhaps  other  metals.  It  may  also  be  simulated  by  charcoal  tooth- 
|K»wders. 

Otktf  Gtnerid  Phmomtna  occur  later:  Fatly  dtgentraiioHt  In  the  kidneys,  Uver  and 
nlhrt  ulandR;  and  in  the  iotima,  leading  lo  artrrioselcroiii. 

iloHi,  with  urate  deposits  simflar  to  those  of  true  gout,  but  always  containing  mock 
iMil 

fltplifitit  !•  comrooD  in  acute,  and  invariably  present  10  chronic  poi»ocut«.  It  h 
wlHMnly  vascular,  followed  by  epithelial  d^ieneratton,  depositiuu  of  calcium  pbos- 
|v)i4ilr,  nml  tinally  cIrTb<»i9  (Bright,  1S37).  The  uric  add  and  non-protdD  oitrocca  o< 
Ihr  MinhI  lire  Incrrased  (Folio  and  Denis,  iQt}). 

I'lir  mine  tlow  and  chlorlds  are  dimini&bed  during  the  coUc,  iDcTcaacd  after  the  at- 
Uik  ^NUtltu.  iQij);  the  urinary  nitrogen  increases  during  the  acute  attacks;  the  vk 
*tUI  (k  kuld  to  be  dimini^hed  during  atLtcks  (GoeLz«,  1R93). 

i*V«ClUUMy< — L«ftd  alwa>-s  exerts  an  unfavorable  influence  upon  prcgnaocy.  TKr 
MwmlMt  id  mucarriaiteit  in  women  affected  by  lead  poiMining  is  very  large;  aod  ot  lb* 
t)il|i|i««  IwrOi  by  iu  the  largest  proportion  die  during  tbc  &xU  yeax  <k  Uie  (Leop^  igt^i). 
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Phimbism  of  Father  on  Ofisprinc. — The  clinical  evidence  is  quite  filfnder.  Sterility, 
still-births,  ami  early  deiilli  uf  ilit-  children  are  tommon  clinical  occurrences.  If  the 
cbilcIrcQ  survive,  they  ure  particularly  liable  to  various  ncr\'ous  n^ections  (Adami). 
Eipcrimcntal  (ceding  of  lend  acetate  to  male  rabbits  and  fowl  also  result  in  smaller 
offspring  of  low  vitality  (Cole  ard  Bachhuber,  1014).  Welltr,  1914-1915,  confirmed 
Ihi^  00  male  guinea  pigs,  finding  &ieritily  or  reduction  of  birtb-ratc,  early  death  of  the 
fetus,  and  especially  retarded  development  (underweight),  which  persists  throush  life. 

Gradual  recovery  occurs  if  the  administraiion  of  ihc  lead  is  stopped,  indicating 
that  the  deleterious  action  is  confined  to  the  maturing  cells. 

Boae-marrow  Changes. — Those  correspontl  to  those  produced  by  mercury,  iron, 
phosphorus;  and  m.'^ny  infective  and  wasting  dtsensefi.  They  are  perhaps  secondary  to 
anemia.  ■  At  first  there  is  marked  increase  uf  leucublastic  cells  with  disappearance  of 
fat,  and  sometimes  with  moderate  hyperemia;  then,  (jclatinous  degeneration  and  atrophy 
of  the  whole  marrow  tissue  (R.  Stockman  and  Charteris,  TQ03}. 

Later  Special  Symptoms. — These  are  highly  characteristic,  but  may 
take  various  forms;  in  order  of  frequency:  Colic,  arthralgia,  paralysis, 
nephritis,  cerebral  symptoms  and  anesthesias. 

Colic, — -This  is  preceded  by  continued  minor  digestive  disturbances; 
pressure  sensation  in  the  epigastrium;  anorexia;  obstipation;  and  some 
abdominal  tenderness.  The  acute  attacks  consist  of  paroxysms  of  in- 
tense pain,  radiating  from  the  umbilicus,  and  relieved  by  pressure.  The 
patient  therefore  instinctively  retracts  the  abdomen  so  that  this  often 
appears  boat-shape<l  (scaphoid);  and  he  may  lie  on  the  face  with  the  fists 
pressed  against  the  painful  region.  The  skin  is  very  pale  and  dry;  the 
temperature  low;  the  blood  pressure  high ;  the  pulse  hard,  T\iry  and  slowed, 
often  to  40  or  50.  The  colic  is  sometimes  accompanied  by  dyspnea 
(spasm  of  the  bronchial  muscles);  and  sudden  severe  muscular  pains, 
especially  in  the  flexors  of  the  legs. 

After  some  hours  the  pain  disappears  completely;  but  the  constipation 
lasts  some  days.  Nausea  and  vomiting  are  frequent.  Relapses  are  the 
rule.  The  colic  is  ver\'  painful  but  not  dangerous.  Attacks  are  more  fre- 
quent in  summer.  The  action  is  presumably  on  the  intrinac  nervous 
mechanism.  X-ray  examination  shows  spasmmlic  contractions  of  the 
small  intestines  (Hertz). 

Bloxtd  Pressure  anJ  CircuSation. — It  is  gcneraliy  assumed  that  lead  poisoning  is  ac- 
companied by  rise  of  blood  pressure  and  vascunstricliun.  This  is  true  tor  the  colic 
attacks  (RicRel  and  Frank,  1S74),  where  it  may  be  explained  by  the  mechanical  displace- 
roent  of  blood  Irom  the  violent  contraction  of  the  intestines;  and  bypain-refleses.  There 
are  few  defirile  data  as  lu  the  bNiod  pressure  at  other  times.  The  pallor  of  ihe  skiD 
points  to  vasoconstriction.  In  advanced  stages  the  arteriosclerosis  and  nephritis  would 
raise  the  blood  pressure.  Quellien,  if>os,  believes  that  the  pressure  is  raised  wen  in 
acute  poisoning. 

In  his  animaF  experiments  Hamack  (see  below)  found  no  rise  or  other direi'lchange 
in  the  circulation,  e\ii-pt  with  fatal  doses.    These  paralyzed  the  heart  and  respiratory 

fuscles  io  common  mth  the  skeletal  muscles. 
'  Arthralgia, — This  also  occurs  in  paroxysms.  After  some  preceding 
muscular  weakness  there  are  sudden  attacks,  generally  at  night,  of  violent 
remitting  pains  and  disturbed  functions  of  groups  of  muscles,  especially 
those  of  the  shoulder  and  the  flexors.  Pressure  gives  some  relief.  The 
attacks  last  generally  from  five  to  eight  days  and  often  recur.  The  phe- 
nomena arc  probably  due  to  central  motor  stimulation. 

Drop-'dfist  and  Other  Muscular  Paralyses. — Special  groups  of  muscles, 
most  commonly  the  extensors  of  the  forearm  (distribution  of  musculo- 
sptral  below  supinator  longus).  or  others  most  exposed  to  fatigue,  become 
gradually  paralyzed.  The  condition  generally  begins  with  weakness, 
tremors  and  disturbed  sensation  and  passes  through  progressive  paraly- 
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sis,  with  the  "reaction  of  degeneration"  (muscle*  respond  to  galvanic 
and  not  to  faradic  stimulation).  Finally  there  is  muscular  atrophy  and 
contracture.  The  contracture  begins  usually  at  the  metacarpo-carpal 
articulation  of  the  two  middle  fingers,  then  the  two  outer  6nger&  and 
the  thumb,  and  then  the  wrist.  The  action  is  ^^i^Awa/ and  presumably 
directly  on  the  muscle  (see  below).  There  is  no  pain.  Restoration  may 
occur  even  from  advanced  stages. 

Ettceplialopaihia  Satumalis. — Cerebral  symptoms  are  relatively  rare, 
but  especially  liable  to  occur  in  alcoholics.  They  indicate  a  grave  progno- 
sis. The  phenomena  consist  in:  Hallucinations,  illusions,  delirium, 
melancholia,  pseudoparalyses,  coma,  and  epileptiform  convulsions. 
(Convulsions  may  also  occur  from  uremia).  Neurasthenia  is  ver>'  fre- 
quent (Hirsch.  1914). 

Otcasiona!  ntnom  phtnomtna  arc:  Neurolii^ii,  inestliesiaa  ami  hypercstbe* 
ftias  occurring  in  attacks  of  eight  In  eleven  days'  duration;  amauroMft,  amblyopia,  and 
desfnci^s. 

Experifneolal  Chronic  Lead  Poisooing  in  Animals.  — This  has  been  producetl  most 
cbarnctensticjlly  by  IlArnack,  UH7S.  by  usinR  an  organic  compound,  lead  triethyl, 
PKCiHil  I-  It  doeii  not  cau^c  lead  effects  directly  hut  only  as  its  lead  is  liberated  in  tm 
body.  The  rapidity  and  intensity  of  the  action  can  thus  be  regulated  by  the  dote  and 
manner  of  injection.  Effects  closely  resembling  those  of  lead  poisoning  are  secured 
aulTiciently  aculdy  for  pharmuco1(»gic  ^ludy.  The  nutritional  ana  degenerative  cha^ga  ij 
arc  thereby  excluded.  This  simplifies  the  phenomena,  but  for  this  very  reason 
judgment  must  be  used  in  transferring  the  results  to  clinical  lead  potsoniDK.  W%, 
Stntub.igit  and  1914,  and  F.rtenmeyer,  iQt,i,  have  also  produced  chroolc  lead  polMlHi 
ing  by  hypoticrmic  injections  of  the  insoluble  sails. 

The  actions  may  be  brought  under  three  groups:  Direct  depression  of  muade; 
■itimulation  of  the  central  motor  system;  and  stimulation  of  the  intrinsic  nervous  medK 
aoiam  of  the  intestines. 

Muscular  AcCtons. — I.end  acts  directly  on  all  striped  muscle,  so  that  this  is  much 
more  quickly  falijucd  {especially  if  moderately  warmed.  Cash,  1908).  Finally  the  mo»- 
clc  losvs  !t5  escitubility  am)  goes  into  partial  ricor.  The  phenomena  are  ezliibited  by 
isolated  and  curiuizcd  muscle.  This  action  explains  the  lead  palsy  and  the  reaction  ol 
degener>iiii)n-,  rc.ii  {{oud  response  to  the  single  K>lvanic9limulal ion,  and  a  poor  respoosa 
to  the  fatiguing  tetanic  faradic  stimulation.  There  is  no  predilection  for  ppedal  mus- 
cles, so  that  the  pcculiitr  location  of  lead  paralytis  must  be  deterniiord  by  fati|ii« 
(Mellon,  191.1). 

Central  Motor  System. — Its  stimulation  results  in  ataxia,  trctnon,  twitching  and  coa- 
vuUions  vrith  intact  consciousness.  The  action  is  presumably  located  in  the  mid-  ami 
hindbrain.  These  effects  arc  supposed  to  represent  the  clinical  t-ncepha)opatbia  and 
arthralgia;  the  p;tiii  being  .iltributed  to  muscular  twitching.  However,  the  coDiMCtlMI 
is  not  absolutely  clear. 

Animals  show  no  sign  of  pain  but  this  may  be  because  tliey  seem  to  be  much  Ina-; 
sensitive  to  articular  pain  than  man.  'Iliey  also  show  very  little  distress  if  acute  arthriUa 
is  produced  by  uric  acid  injection. 

Intcstinat ' Efjecls. — Tlicse  consist  in  spasmodic  contraction  and  incrcued  pcri>> 
talsis.  These  result  in  painful  colic  and  seDcrally  diarrhea,  but  sometimes  obslipatioo, . 
arcording  to  whether  the  peristalsis  or  the  sjtasm  predominates.  It  occurs  in  all  ani- 
mals and  is  easily  abolished  by  atropin.  The  human  cotic  'm  not  so  ra>iK-  influeaocd' 
by  this  drug,  but  otherwise  the  phenomena  C(jrre5[Kind  vcrj-  closely  and  may  be  ei- 

Clained  by  stimulation  of  the  intrin<.ic  motor  ganglia.     Another  theory  which  atlri- 
utca  the  colic  to  spasm  of  the  mesenteric  vesscU  is  not  supported  by  evidence.     The 
vessels  arc  indeed  constricted ;  but  this  is  the  effect  rather  th.in  the  cause. 

Hirschfelder,  1015,  describes  acute  increase  of  peristalsis  and  contraction  of  the  ta< 
teatimd  vessels  by  intravenous  injection  nf  lead  acetate.  Roth  pbenomeQa  are  relie^td 
by  local  or  systemic  administration  of  atropin,  nicolin,  or  nitntes.  The  action  ol  tbcj 
nitrites  is  probably  both  on  the  vessels  and  the  intestinal  muscle. 

Expcrimcnul  colic  was  produced  by  F.  Wassermann.  igi6,  by  keeping  cats  in  1 
sprinkled  with  sawdust  and  lead  carbonate.     Feeding  a  barium  meal  after  Ibe 
symptoms  had  set  in.  he  found  by  X-ray  rumination  that  ihr  g«>Tric  movetncnu 
practically  normal.    The  small  intestines  showed  apparently  less  scgirKOtatioo.  tiat 
more  rapid  passage  of  the  food.     Id  the  large  intestines,  the  peasAgC  was  delayed,  bat 
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there  was  Uvciy  peristal^;,  wiih  sttonK  iiontraction  rings,  siepKratcil  by  dilated  MtgmeDU. 

During  the  colic  attucks,  the  !>mal1  intestine  contracted  to  11  thread;  the  large  intea- 
tine  cxfaibiced  nothing  special. 

Wasscrmann  refer;;  thi;  effects  to  vuus  stimulation. 

Chronic  AV^An/ij.— This  was  described  in  animals  by  Charfol  and  tJombault,  1881 ; 
and  studied  eMierially  by  Ophiils,  iqo8  and  191 1.  It  is  chiefly  interstitial,  exceptionaUy 
with  epithelial  changes.  Many  animals  «^howed  hemorrhagic  serofibrinous  infiainnia- 
titin  of  5t;rou!*  membranes.  Lead  administration  doe>  ntil  produce  nrtrrioscUrotic 
changes  in  dogi^  (.\dler,  iqi4)> 

Diagnosis  ot  Ptumbism. — The  chief  poinu  may  be  recapitulated  as: 
The  history  of  exposure;  lead-line;  ammonium  sulphid  reaclioQ  on  the 
skin;  black  stools;  especially  the  chemical  demonstration  of  tead  111  the 
stools  or  urine;  pallor,  anemia,  stippling,  pinched  features,  asthenia,  rheu- 
matic pains,  digestive  symptoms,  colic^  obstipation,  drop-wrist,  recovery 
when  removed  from  exfwsure  to  lead.  The  concurrence  of  most  of  these 
signs  is  highly  characteristic;  but  none  of  them  is  absolutely  constant,  and 
most  may  be  simulated  individually  by  other  conditions  (Linenthal,  1914.). 

Prophylaxis-^Thc  public  and  especially  the  artisans,  should  be 
thorouglily  educated  to  the  insidious  dangers  of  lead,  and  the  chances  of 
poisoning  carefully  guarded  against. 

The  sources  of  danger — lead  pipes,  etc. — should  be  eliminated.  Tin 
cans,  foil,  etc.,  should  be  frequently  examined  by  authorized  persons. 
Proper  precautions  are  required  in  lead  factories  and  in  exposed  trades. 
Lead-taden  dust  is  especially  dangerous.  Since  the  main  channel  of 
poisoning  is  by  the  mouth,  extreme  cleanliness  should  be  encouraged  and 
made  possible  by  liberal  facilities  for  washing.  Sulphates  are  useless  {sec 
absorption).  Food  should  not  be  permitted  on  the  premises,  and  the 
clothing  should  be  changed  before  leaving  the  works.  More  stringent 
laws  are  greatly  needed. 

Tlie  Treatment-^Consists  in  resting  the  patient  in  hygienic  surround- 
igs  until  the  lead  has  been  eliminated  and  the  general  health  fairly 
restored.    Tonics  are  valuable. 

Symptomatic  measures  may  be  used:  Against  the  pain  of  colic,  mor- 
phtn  is  most  effective.  To  this  may  be  added  atropin  or  scopolamin, 
and  hot  applications  or  baths.  Amy!  nitrite  (Riegel,  1878)  gives  slight 
and  only  temporary  relief. 

Constipation  is  treated  with  olive  oU  enemas;  or  300  to  500  c.c.  of  oil  by 
louth.  This  is  belter  than  castor  oil  or  calomel,  which  increase  the  pain 
'if  they  do  not  relieve  the  constitution.  The  palsies  may  be  treated  with 
strychnin,  massage  and  electricity. 

To  hasten  the  cUminativn  of  the  lead,  potassium  iodid,  baths,  sweats, 
and  sulphur  internally,  are  commonly  tried;  their  efficiency  is  doubtful. 
The  iodid  is  the  most  promiang:  Melscns,  1840,  found  that  it  hastened 
the  elimination  at  first;  but  it  soon  appears  to  lose  this  effect. 


PREPARATIONS — SOLUBUC   LEAD  COMPOUNDS 

'Plumbi  Aeetas  (Plumb.  Arct.},  U.S.P.,  B.P.;  Lead  Acetate  (Sugar  of  Lead); 
Pb(C»HiO)«  +  3HfO. — Colorlcas  or  white  granular  cr>-sta]s  or  masses,  of  faintly 
acetous  odor  and  sweetish  astrint-rnt.  uflcrwuni  mclallir  taste,  efflorescent.  Freely 
Ml.  in  water  (1:3),  sol.  in  ale.  InfomfmlihU  with  .alkalies  and  carbonates;  iodids,  chlo- 
rids  and  sulphates.  Dojf.  0.05  Gm..  i  gr.,  U.S. P.;  0.0*)  to  0-3  Cm.,  i  to  5  gr.,  B.  P. 
Maximum  dow,  o..j  Gm.,  s  gr. 

Fit-  Plumb,  c.  Opio,  B.P. — ii  per  cent.  o(  0[Mum;  80  per  cent  of  Plumb.  Ace*. 
Ot$t  0.13  to  o.»s  Gm.,  3  to  4  9J->  nP- 
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Supp.  Fl»mb.  Co.,  B.P.— c*  Gm.,  3  gr.,  of  Plumb.  AceL;  0.067  Gm,,  i  gr.  nf 
Opium. 

Gly<eT.  Fiumb.  Subacet.,  B.P. — About  so  per  cent.  o(  Subacetate. 

'Liquor  Plumbi  Subacetatis  (Lk^.  Plumb.  Subacet.),  U.S.P.;  Solution  of  Lead  Sub-; 
acetate  (Goulard's  Kxtmct;  Bleies&ig). — An  aqueous,  dear  colorlc&s,  alkalioc  solution: 
containinff  not  less  than  2^  per  cent  of  lead  subacetate  aod  lead  oxid  (Lilbarge)  with 
water.  Should  be  diluted  15  to  30  times  before  application.  Used  as  asltiDgcnt  and 
antipruritic  in  inflammatory  conditions  of  the  skin,  lod  in  sprains  and  bruises.  It 
should  not  be  applied  to  denuded  surfaces,  and  should  be  used  wttb  auitioQ  00  tbe 
face. 

'Liq,  Plumb.  Subacet.  Fort.,  B.  P.  — About  35  per  cent,  of  Subacetate. 

Liq.  FIttmb.  Subacei.  Dii,  U.S.P..  B.  P.    ^Goulard's  Lotion;  Leadwaier).— Pi  , 
by  ililutinK  tbe  stronger  solution,  in  the  ratio  of  1:35,  U.S.P.     i;8o,  B>P.    Hky  ht' 
applied  directly. 

b'ng.  Plumb.  Subacet.,  B.  P. — la.g  per  cent,  irf  the  Strung  SoluUoa. 

PREPARATIONS— INSOLUBLE    I.EAD  COMPOUNDS 

Plumbi  Carhouas  (White  Lead);  (Pb  COOtPb  (OH),— InsoL  U«ed  as  Otmimfml. 
lO  per  cent.,  a>,'ainst  dermatitis,  burns,  etc. 

Plumbi  iitdidum  (Plumb.  lod.).  B.P. :  Pbl. — An  insoluble,  bright  yellow  powder. 
Used  externally  as  mild  countcrirritant  against  glandular  swellings,  etc.,  in  the  form  of 
the  Oinlttient. 

Vnn-  Plumb,  lod.,  B.P. — 10  per  cent. 

Plumbi  OxidHm  1  Plumb.  Oxid.),  L'.S.P..  B.P.  (Litharge);  PbO.— Heavy,  ydlowii 
powder,  without  odor  or  taste.  Almost  insol.  in  water.  Used  la  making  tbe  Sut 
acetate- 

lEmp.  Plumb.,  U.S.P.,  B.P.— See  Index). 

{/n^.i^idcAy/on,  U.S.P.(Hcbni's  OlatmeDt).~Equal  ports  of  Lead  Plaster  and  Ikldl 
Petrolatum,  flavored  with  Lavender. 


THALLIUM 

This  metal  is  almost  as  toxic  as  arsenic.    The  acetate  has  been  i^ven  intemall 

S  to  10  rag.  per  day)  against  the  night  sweats  of  phthius,  and  both  internally  and 
temally  as  a  depilatory.    The  therapeutic  uiic  ha.s  repeatedly  caused  severe  pcis 
and  b  »can.ely  justified.    It  i*  not  anti-sypliilitic  ^Buschke,  lyii) 

The  toiic  phenomena  are:  stomatitis,  diarrhea,  dyspnea,  pain  in  the  eitremllk 
alopecia  (alto  in  anim.-iU;  Buschke,  igio),  dcpres»ion  and  other  nccrittes  and  neuriti  _^ 
diuresis  and  per:>ialciit  albuminuria  (Olmcr  and  Tiau,  1909;  Swaio  aitd  Batemau,  tgto)^^ 


PHOSPHORUS 

General  Statement — Phosphonts  produces  severe  acute  poisoning, 
resembling  acute  yellow  atrophy  of  the  liver;  characterized  by  iklteraiiaas 
of  metabolism  and  fatty  changes  of  the  liver  and  other  organs.     Chronic 
poisoning,  a.s  in  match  factories,  results  in  necrosis  of  the  jaw.     Thcri 
peutic  doses  elTect  changes  in  nutrition  and  bone  formation,  which 
utilized  especially  in  rickets. 

Phosphorus  acts  as  such:  its  actions  are  not  shared  by  any  of  il» 
compounds,  which  are  for  the  most  part  harmless. 

Varieties  of  Pho^onis. — The  clement  exists  in  two  forms,  red 
yellow.  Red  or  amorphous  phosphorus  is  non-volatile,  insoluble  in  w 
or  oil,  is  not  absorbed,  and  is  therefore  not  toxic.  The  yellow  or  ordinary 
phosphorus,  while  almost  insoluble  in  water,  is  very  volatile  and  dUsolvcs 
in  fats  and  bile  (Hartmann.  i860),'  so  that  it  is  absorbed,  especially  wbca 
it  is  finely  divided. 

■  Ouoinl  by  BIyltL 
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Absorptioa,  Fate  and  Excretion. — Ab&omlion  occurs  from  tbe  intestines;  to  some 
extent  ttlw  Ijy  the  iiihitlaliun  ol  the  vapor  It  a  alway:^  sluw,  and  the  systemic  cflect^ 
are  therefore  delayed  Several  days.  It  is  finally  excrtud  in  oxidized  form  (.hypophoa- 
phoric  acid.  Poulct,  tSya),  but  W&jate  is  very  impcrfcclly  knuwn.  Althuugh  it  oxidizes 
K  readily  in  the  air.  its  oxidation  in  the  blooc)  requires  days  Hi.  Meyer,  iSSi);  perhaps 
it  ha^  an  inhibitory  action  on  oxidi^in^  ferments  similar  to  hydrocyanic  acid  (Scnultzen 
and  Kiess,  1869).  During  its  action  it  exists  uocbanged  in  the  organs  and  in  the  «x- 
■red  air. 
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Etiology. — Phosphorus  is  quite  accessible  in  the  form  of  matches  or  pbo&phorus  rat 
pa-stc,  so  tiiat  poisoning,  accidental  or  suicidal,  is  not  uncommon.  It  also  occurs,  rather 
rarely,  in  the  therapeutic  use.  Infusions  of  matches  have  been  taken  as  abortifacicnt, 
with  serious  results.  Chronic  poisoning  of  a  somewhat  different  character  is  :<een  from 
its  fumes,  in  phosphorus  and  match  factories.  This,  as  well  as  the  poisooint;  bv  matches, 
has  been  very  greatly  dimitiished  sLnte  the  intrwluctton  of  amorphous  (red)  pWspburus. 

Phosphorus  Hatches.^Thc  tir^t  phosphoms  friction  matches  were  made  by 
D^rosne.  Paris,  in  iSiO,  but  they  did  not  become  practical  until  iSij,  when  processes 
for  their  manufacture  were  invented  in  several  countries.  These  all  employed  yellow 
l^asphoTUs:  each  match  contains  *^  to  5  mg.,  so  that  16  would  be  fatal  for  an  adult. 
The  other  ingredients  are  oxidising  agents  (potassium  chlorate  or  dicbromale;  lead  oxid 
or  nitrate;  manfcanese  dioxid). 

The  use  of  ihe  dangerous  yellow  phosphorus  in  matches  is  now  prohibited  by  law 
in  practically  all  European  countries,  in  the  United  States,  a  prohibitive  tax  has  been 
placed  on  their  munufaclutc.  Phosphorus  srisquiiiulphid,  which  W  &aid  In  1h-  uon-tuxic. 
IS  now  used  in  ordinary  matches,  which  strike  anywhere.  The  safety-matches"  have  00 
phosphorus  «n  the  sticks,  wliith  arc  usually  headed  with  SbjSd,  KCIO*  and  glue; 
the  red  phosphorus  is  here  on  the  friction  surface  coating  of  the  box. 

The  Symptoms  of  Poisoning. — These  have  the  peculiarity  that  ihey 
occur  in  two  well-defined  stages:  At  first,  there  is  local  gastro-intestinal 
irritalton;  then  more  or  less  complete  recovery;  thea,  after  two  or  three 
days,  the  phenomena  of  the  systemic  actions  appear.  These  are  distin- 
guished by  fatty  enlargement  of  the  liver,  intense  icterus,  and  metabolic 
changes  pointing  to  diminished  oxidation.  They  extend  over  several  days 
and  generally  terminate  in  death  by  heart  failure.  Gastric;  syncopal,  or 
cerebral  phenomena  may  predominate. 

Acute  Sympiitmz. — These  generally  start  after  some  hours  with  gastric  pain  and  burn- 
ing, eructations  with  garlic  odor,  and  finally  vomiting,  which  may  be  luminous  in  the 
dark.  I.aler  there  is  often  diarrhea.  If  treated,  there  is  more  or  less  remission  or  even 
complete  recovery  for  two  or  three  days. 

Th*  iMicr  PhcnotHfrnt. — These  begin  with  nausea;  then  gradually  slight  icterus;  ab- 
dominal pain  and  tenderness;  vomiting  and  soft  stools,  both  often  streaked  with  blood; 
coated  tongue  and  fetor  oris. 

The  symptoms  become  gradually  moie  severe;  and  within  two  days  the  area  of 
liver  dulness  has  rapidly  increased;  the  hepatic  region  is  painful  and  very  tender,  and 
the  icterus  more  inlL-n^e.  If  death  occurs  within  the  trst  twodaysof  the  second &tage, 
there  is  usually  no  icterus  (Maj;nus,  1914).  All  foods  and  liquids  are  vomilcd.  The 
patient  bccumes  profoundly  pri>^tr.atL-d  with  insomnia,  anxiety,  headache,  muscle  pains 
and  feebleness.  The  tempcramrc  is  normal,  the  skin  dry,  the  respiration  increased,  the 
pulse  soft  but  of  normal  rate.  The  »nfte  is  scanty,  add,  dark  brown  from  bile  and  btoo<l, 
and  contains  albumin,  ca^ts  and  abnnrmal  nitrogcnou;.  substances.  Multiple  hevtor' 
rhafei  occur  as  petechia;  or  in  larger  areas,  in  the  skin,  mucosa:,  lungs  and  other  viscera. 

Agynai  Sfiisc. — The  pulst-  bccome-s  thready  and  intermittent;  the  livart  dilated,  with 
aj'stofic  murmurs;  the  respiration  dyspncic  or  Cheyne-Slokes.  C'onsciousness  may  be 
undisturbed,  or  g*--nenUly  there  is  somculcnce,  sometimes  delirium  and  disturbances  of 
temperature,  nnally  coma. 

Diagnostic  Post-mortem  Features.— These  are;  the  icterus;  phosphorus  odor  on 
opening  abdomen;  bluotl  tarry  and  difficultly  coagulable;  multiple  hemorrh.iges;  fatty 
rnlargemcnt  of  the  liver  and  other  organs. 

The  Coursc.^This  runs  frnm  two  to  llfleen,  averaging  perhaps  eight  days. 

The  Fatality. — This  is  high,  about  55  per  cent.  (Kalck);  with  larger  quantities  such 
as  are  used  for  abortion,  it  may  reach  95  per  cent.  (Kobcrl). 
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The  Patsl  Dose. — This  may  Iw  as  low  as  $o  ing.,  gcneially  about  too  mg.;  but  15 
mg.  may  be  severely  toxic.  Ills  much  more  dangerous  in  aoluUonor  when  finely  dividH, 
than  when  larger  lumps  are  taken.  A  two -year -old  child  has  been  Mverely  poisoned  by 
thcrapt'tilii:  dust^  {i.i  mg.  cListribuled  over  lhr«c  days;  Itcbcllliau).  Magnus.  IQ14, 
states  that  no  dangerous  effects  have  ever  occurred  (in  children  up  to  ciRht  >«an) 
from  0.5  mg.  per  day;  although  there  may  be  some  vomiting  at  tint.  He  »tatcs  the 
&malle<it  dose  that  has  escepttonally  produced  dangerous  effects  as  i  mg.  \tvi  day. 

Recovery. — This  may  occur  gradually,  even  from  advanced  s>'mptoms; 
but  cerebral  hemorrhages  may  leave  paralytic  a/tfr-tffects. 

Treatment  of  Acute  Poisoning. — Any  phosphorus  remaining  in  the 
alimentary  tract  should  be  oxidized  and  removed.  The  best  antidote  is 
copper  sulphate,  0.1  to  0.2  Gm.  in  water,  every  ten  minutes  until  emcas. 

This  acts  as  a  prompt  emetic,  and  meanwhile  oxidizes  the  phosphorus 
and  envelops  the  globules  with  a  coating  of  reduced  copper  which  retards 
absorption  (W'oehler  and  Vogel,  1S36;  Straub,  1903).  Gastric  lavage 
with  other  oxidizing  agents  may  be  substituted:  KMn04.  o.i  per  cent 
(Bokai  and  Antal;  Koranyi,  1889);  HjOj,  2  per  cent,  of  the  ofHdal  sotii- 
tion.  These  should  be  followed  by  a  saline  cathartic.  Oils,  fats  and 
milk  should  be  avoided  while  any  phosphorus  remains  in  the  intestines, 
since  they  increase  its  solubility  and  absorption.  Sodium  bicarbonate 
may  be  given  to  prevent  acidosis.  When  the  systemic  symptoms  haw 
set  in,  these  measure.^  are  practically  useless  and  the  treatment  must 
be  mainly  symptomatic.  Transfusion  of  blood  is  said  to  have  given 
good  results. 

OU  of  r«r^cii/i»e.— 0.5  Cm.  several  times  daily  for  a  week  may  be  tried  (.Xodant, 

iRfiS;  Koehler,  1873)  but  its  benefits  are  doubtful,  nr  at  best  inconstant.     They  s«m 

to  vary  with  dilTcrent  varieties  of  the  turpentine,  the  fresh  being  often  as  effective  at 

'old  ozonized  samples.      The  action  is  nut   due  to  fimple  oxidatioD  of    the  pba»- 

Ehoru%,  but  to  the  formation  of  complex  campouiid>>  (Bu&ch  and  Fischer):  Robert 
clicvcs  that  it  may  be  effective  even  after  the  phosphorus  has  been  absorbed. 

Special  Phenomena  of  Phosphorus  Poifiontng. —  Aftion  on  Affiahotism. — Thu  b  tbe 
mo9t  interesting  feature  of  phosphorus  noi^^ning  from  a  scientific  standpoiaL  tl 
occurs  in  thronit  pni^iining,  or  as  a  seuundary  process  after  a  single  larger  dose.  The 
phenomena  consist  in  increased  tittue  de?itructiun  with  disturbances  of  syntbeses.  onda- 
tion;.  and  dissciciulious;  increased  but  incomplete  nitrogen  metabolism;  interfercDce  wHh 
glycogen  deposition;  increased  lactic  add  and  ammonia  excretion;  and  inhibition  al 
otbrr  synthetic  processes;  deposition  of  (at  in  the  Hvcr. 

The  Afechantsm. — This  is  not  understood.  It  appears  to  involve  interference  with 
certain  ferment  actions,  primarily  with  Mime  of  those  involved  in  caitiQbydntc 
metabolism. 

Nilroien  ifetaboUsm.^-'Vldi  is  ver)-  greatly  increased.  The  urinanr  nitrogen  may 
rise  by  300  nrr  cent.  (Stnrch,  1865).  'Vne  excretion  of  phosphate  and  sulphur  ii  also 
increased,  while  the  chlorids  are  diminished  by  the  inanition  (Welsch,  1905).  All  the 
nitrogenous  metnhiiillles  may  participate  in  the  increase  (v.  Jaksch,  1903);  bnt  not  to 
the  same  extent  (Muetuer,  i^4j4).  The  urea  is  not  nearly  as  much  increased  n,  tbe 
others  and  muy  even  be  diminished.  It  is  to  a  large  extent  replaced  by  ammoBia. 
Thi<;  may  be  attributed  to  an  increased  production  of  sarcolacuc  and  other  ontaoic 
acids.  The  uric  acid  excretion  does  not  !>how  characteristic  changes;  and  the  creaiiBii 
output  is  scarcely  aScctcd  (Lusk).  The  hippuric  syotbesU  of  excixtl  kidneys  Is  cfa«rked 
([lauser,  i&qs). 

The  blood  of  dogs  poisoned  with  phosphorus  shows  increase  of  non-nrotein  nitroKttt, 
urea  and  amino-acins;  .-ind  generally  a  terminal  acidosis  (E.  K.  Marshall  and  RowDtiec, 
igis).  The  protein  cleavage  products  may  play  a  part  in  the  production  of  thf 
symptoms  (Moriani,  1916). 

A  very  important  phenomenon  is  the  appearance  in  the  urine  of 
amino-ficuis,  teucin,  tyrosin,  cystin;  and  peptone-like  substances  (SchulLxen 
and  Riess,  i86g).  Clinical  cases  may  not  show  the  tyrosin.  The  pep- 
tone-like substances  are  present  e:>pcdally  Jo  the  early  stages,  llior 
nature  is  not  known  (Harnack,  iSgi). 
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FiMy  CjiwMjjfj.— Extensive  deposition  of  fat  occurs  particularlj'  in  the  liver  ceils, 
'■whose  lal-contcnt  may  reach  three  uc  four  limes  the  normal;  but  it  is  seen  also  In  prac- 
tically all  other  cellular  organs:  mu&cle,  skeletal  smooth  and  cardiac;  kidneys:  blocxl 
vessels;  epilfaclium  of  stomach  and  intestine,  etc.  The  fatty  changes  are  preceded  by 
•'cloudy  swcHiiiK,"  which  is  prohiihly  an  intt-rmedlale  stage.  Thc>'  are  followed  by 
pniliCeration  of  interstitial  connective  tissue  (cirrho&is). 

SimiliLr  fatty  changes  occur  in  poisoturif  by:  PhlurhixiD,  arsenic,  antimony,  many 
volatile  oils,  the  alcohol  group,  benzol,  phalUn,  etc.,  in  starx'ation,  etc. 

The  Mechanism  of  the  Fatly  Deecneration, — This  has  been  studied  especially  in  the 
Uver.  It  »*&&  originally  assumed  that  the  fat  was  formed  in  situ,  by  true  degeneration 
of  the  protoplasm  of  the  liver  cells  {Bauer,  1878).  However,  Lebedcff.  1883,  disproved 
this,  finding  that  fat  is  deposited  in  the  liver  only  if  the  fat  store  of  the  body  is  ample; 
and  that  if  some  foreign  iat  h  introduced  into  Ihc  subcutaneous  tissue,  the  fat  deposited 
in  the  phosphorus  Uver  agrees  in  composition  with  this  foreign  fat.  This  suggests 
that  the  liver  fat  is  merely  transported  from  the  fat  depots.  These  observations  have 
been  coo&nned  by  Kosenfcld,  isqj;  Pflueger,  1S98;  and  others.  They  apply  also  to 
other  poisons  thatcouse  "fatty  degeneration"  of  the  liver.  The  conclusion  was  strength- 
ened by  the  observation  of  .Athanasiu,  iSq8,  that  the  toLiI  fat  of  the  body  is  not  increased 
by  phosphonis.  In  fact  it  is  rather  diminished  (Shibata,  1911).  The  increased  fat 
of  the  liver  must  therefore  have  been  drawn  from  other  parts  of  the  body  so  that  the 
process  is  one  of  infiltration. 

Lusk  finds  that  (be  combustion  of  fut  in  uhu^phorus  poisoning  is  not  changed.     Some 
of  the  "fat"  consists  partly  of  other  lipoids  (Dastrc  and  Morat,  1870);  Ilefltcr,  1890. 
claims  that  the  jwrcentagc  of  IcLithtn  h  dwrcascd.     The  fat  in  the  heart  (studied  by 
Uloscnfeld,  1906)  is  also  infiltrated  (Ldk  and  Winckler). 

P  Lcathes,  1909,  showed  that  the  liver  effects  certain  change*  in  Ibc  depot-fats  (de- 
saturation,  increasing  the  iadtn-n umber).  'He  believes  that  this  is  a  necessary  prelim- 
inary to  the  utilization  of  the  fats  in  metabolism.  Fatty  infiltration  of  the  liver  would 
therefore  repre^nt  an  excessive  attempt  at  such  conver«.ion.  Accordingly,  it  is  found 
in  all  conditions  in  which  there  is  a  high  need  for  fat  (starvation,  etc.).  II  such  animali 
are  freely  fed,  the  fatty  infiltration  of  the  liver  may  disapfiear  uithin  a  day  (MoCtram. 
1915). 

Qarhohydrale  jtfrfaiirftJW.— Phosphorus  causes  the  disappearance  of  glycogen  from 
the  liver.  This  is  not  due  tn  increased  glvtogenolysis,  for  the  percentage  of  sugar  in 
the  blood  is  generally  not  increased,  and  in  the  later  stages  it  is  even  decreased. 
Phosphorus  must  therefore  inliibit  glycogen  synthesis,  especially  from  non-carbohy- 
drate sources  (E.  Franck  and  Isaak,  iqii).  This  would  explain  the  prevention  of 
epinephrin  glycosuria  by  phosphorus;  and  the  non-combustiou  of  lactic  acid.  Accord- 
ing to  V.  l''uerth,  IQ14,  lactic  acid  appears  in  the  urine  only  when  the  rabbits  are  fed  00 
an  excess  of  sugar.  Dextrose  also  is  not  converted  into  givcogcn  (E.  Ncubaucr,  1909}; 
thus  explaining  the  occurrence  of  glycosuria  whm  carboli  yd  rales  arc  fed.  Glycogen 
may  be  still  formed  from  levulosc.  The  tolerance  (or  galactose  and  tcvulasc  is  towered 
(E.  K.  Marshall  and  Rowntrec,  1915)* 

The  increase  oj  nilrogen  excretion  may  be  due  to  earbokydrale  disturbance:  Fraack  and 
Xsaak,  ion,  believe  that  this  interference  with  glycogen  synthesis  is  the  primary 
action  (H  phosphorus;  they  attribute  the  increased  protein  destruction  to  the  oeccsaty 
of  makJng  up  for  the  lessened  supply  of  energy  material.  The  fat  transportation  to 
the  Uver  could  be  similarly  explained. 

Accordingly  Rettig.  1914,  found  that  a  diet  rich  in  carbohydrule*  prevents  the 
increased  protein  catabolism  and  the  fatty  changes.  Ray,  McDermott  and  Lusk 
1899,  also  showed  that  with  dogs  rendered  glycosuric  by  phlurbiziii,  phosphorus  dues  not 
iDcressc  the  nitrogen  excretion;  a^ain  indicating  that  the  nitrogen  excretion  is  not  due 
to  direct  destruction  of  the  protoplasm,  but  is  in  some  way  connected  with  the  disturbed 
carbohydrate  metabolism.  Luak,  1907,  suggests  that  the  primary  acUon  is  to  inhibit 
the  ferment  which  bums  lactic  acid;  and  that  the  nitrogen  changes  are  due  to  the  re- 
sulting acido&ia. 

OjpyjCT"  Consumpiion. — The  metabolic  effects  of  phosphorus  resemble  those  of  oxygen 
deprivation  {e.g.,  Forges  and  Pribram,  1908);  and  it  has hcen  su^ested  that  phosphorus 
renders  the  cel&Iess  capable  of  utilizing  oxygen.  However,  it  is  also  possible  that  the 
metabolic  changes  in  both  cases  are  the  secondar)*  result  of  .some  other  common  factor. 
indeed,  Lusk,  1907,  has  shown  tBot  the  oxygen  consumption  is  not  diminished  but  rather 
somewhat  increased,  partly  by  fever,  and  probably  also  by  the  toxic  action  of  increased 
protein  destruction. 

Afdotysis. — In  advanced  phosphorus  poisoning,  the  postmortem  autolysis  of  the 
liver  Is  greatly  accelerated  (Jacoby,  ipoo;  Porgcs  and  Pnoram,  1908),  probably  by  de- 
creased resistance  of  the  liver  cells  to  the  nurrud  autnlylic  ferments  (Wells).  It  Is  OOt 
idear  what,  if  any,  part  this  plays  in  the  Uver  and  metabolic  changes  during  life. 
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Direct  addition  of  phosphorust  to  excised  normal  liver  doe»  not  hapten  autdyds 
(Jacob^).  The  phenomena  are  probably  anaLogousi  to  ihuse  of  late  chloniorm 
poisoning. 

Bile  attd  Icterus. — The  swelling  and  subsequent  cirrhosis  of  the  liver 
obstruct  the  bile  capillaries,  so  that  the  bile  secretion  is  diminished  or 
suppressed;  and  the  gall-bladder  contains  only  a  little  mucous  fluid.  The 
retention  of  the  bite  constituents  produces  the  characteristic  intcnar 
icterus.  It  was  formerly  believed  that  the  formation  of  bile  was  also 
increased  by  the  destruction  of  the  blood;  but  there  is  no  evidence  for  such 
destruction. 

The  Effects  on  the  Liver. — These  may  therefore  be  summarized  as: 
disappearance  of  glycogen;  incomplete  combustion  of  lactic  acid;  increaMtJ 
excretion  of  ammonia;  increased  protein  destruction  with  incompWle 
desamidization  of  certain  amino-acids ;  fatty  infiltration ;  mechanical 
interference  with  bile  formation;  increased  postmortcn  autolysis;  decrease 
of  fibrinogen. 

The  excretion  of  phthalein  is  delayed  (Whipple  and  Spcrry,  iqjs). 
Tlie  liver,  heart,  ganglion  and  other  nerve  ceils  show  degenerative  changes 
similar  to  those  of  chloroform  intoxication  (Lissauer,  1Q14). 

Chani^J  in  Uu  Bkad;  Red  Corpusdes. — II  was  formerly  believed,  od  the  baaa  <4 
txpcrimcots  on  birds  (Fraenkel  and  Kochmana),  that  these  were  npidly  destroyed; 
in  man  and  mammals  (Tau»si){,  1^2;  v.  Jacksch,  1893),  however,  no  destruction  occon 
even  in  i^everc  poisoning;.  In  Cict  the  corpusrles  are  often  increased  (Ragazzi,  igto; 
Lconcini,  1914)  an'i  this  is  the  typical  effect  of  therapeutic  doses. 

The  hemoglahin  is  not  altpred  (I-efincini).  The  viscosiiy  and  electrical  resistance  of 
the  blood  are  increased  by  the  polycythemia;  and  remain  sn  until  death  approaches. 
when  they  suddenly  decrease.  The  osmoUcpressurc  of  the  blood  was  founJ  mcreaud 
by  Bottaz-zi,  i8y6;  unchanged  by  Ragazn.  The  alkaiinily  is  diminiahed.  The  catalaw 
action  is  moderately  decreased  (Dunclccr  and  Jodlbauer,  iqii).  The  slatemenl«  a» 
to  the  ttucocytts  are  confused ;  Ragazzi  descriljes  increase  of  the  polynuclcar,  and  di»- 
appearance  of  eosinophiles.  According  to  Leoncini,  the  leucocytes  are  at  firvl 
dimitished.  then  ^omeCtmes-  moderately  increased. 

The  coagulability  of  the  hiood  is  diminished.  Thi^  is  probaMy  due  tn  tbe  drstnicUaa 
of  tibrinogieii  or  uf  fibrin  ferment;  ijr  j>rjb:ably  to  the  production  of  peptone  bodies  by 
the  destruction  of  proteins  (Cevidalli,  iqoi).  Denny  and  Klinol,  igis,  alio  fiod  IM 
antithrombin  content  of  the  blood  diminished. 

The  hftttorrkagic  Undnicy  is  explained  by  the  lessened  coagulability  of  tbe  blood  and 
by  the  fatty  changes  in  the  capillary  endothelium. 

The  fcholic  tictian  which  occurs  with  fatal  doses  may  be  referred  to  degeneration 
of  the  blood  vessels.  However,  phosphonu  alao  pa&sea  to  the  fetus  in  mffidrot 
amount  to  produce  fatty  hepatic  oegencnition. 

Circulation: — Phosphorus  appears  to  have  direct  toxic  effects  on  the  heart-maKtc; 
for  with  intraveiaous  injection  this  is  paralvzed  before  anatomic  degeneration  has  let 
in  (.Meyer,  1881).  In  the  collapse,  splanchnic  stimulation  is  inelTcrlive.  In  Llinical 
poisoning,  the  syncopal  cases  may  be  due  to  this  cardiac  paralyns.  but  generally  the 
circuiation  suffers  but  little  until  the  agonal  stale. 

MiiicU  and  Nerve.  —These  are  not  directly  affected. 

The  Cfniral  Nervous  System.  —This  playi  m  substd)ar>-  rAte.  but  is  said  to  show  bit- 
lologic  changes  (Rossi.  1897). 

Local  Actiens. — Irritation  of  the  mucosae  is  shown  by  the  early  acute  symplAHu, 
but  phosphorus  is  not  corrosive. 

Chronic  Phosphorus  Poisoning.— This  is  seen  especially  in  match 
factories  using  yellow  pho.sphoru5.  The  most  common  manifestation  is 
necrosis  of  the  jaw;  sometimes  bronchitis,  to  which  tolerance  is  acquired; 
and  cachexia  resembling  mild  acute  poisoning. 

Strict  prophylaxis  should  be  enforced.  The  manufacttire  of  yellow 
phosphorus  matches  has  been  prohibited  in  most  civilized  couDlries., 
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exposed  workers  should  attend  to  ventilation,  cleantinefis  and  strict  oral 
•ne  (Ivy,  191 1). 

The  Hccrosis  of  ihe.  iaws  hej^ns  vrith  salivation,  suppurative  ulccmtion  of  the  gums, 
i  ends  in  a  very-  profound  periostitis,  involving  the  whole  jaw.     It  usually  starts 
^io  carious  teeth.     The  lower  jaw  U  more  often  aSected.     The  uoly  treatment  h  exci^aa 
of  the  diseased  bone. 

Identical  necroses  in  the  U-eth  and  other  bones  have  been  produced  experimentally 
(Wegner,  187J),  by.pmlonged  exposure  of  rabbits  to  phosphorus  vapor,  after  laying 
bare  the  periosteum.  The  bone  changes  are  probably  allied  to  those  seen  in  the  thcra- 
eutic  use,  but  intensified  by  the  more  direct  conlatt  and  by  secondary  infections. 

Phosphorus  Burns. — These  are  no  more  danuerous  than  other  "bums  of  similar 
[tent  and  do  not  produce  any  nf  the  symptom!^  of  phosphorus  poisoning. 

Bone  Changes  by  Prolonged  Administration  of  Small  Doses. — 
lese  stimulate  bone  formation  (Wegner,  1872);  in  growing  animals, 
the  cpiphj'ses  form  compact  instead  of  spongy  bone;  in  adults,  the  Haver- 
sian and  marrow  canals  are  gradually  filled  with  dense  bone.  This  has  the 
normal  chemical  composition  and  structure.  Larger  doses  increase  the 
vascularization  oi  the  bone  (Kasso^^itz)- 


THERAPEUTIC  USES 


I  The  stimulation  of  bone  (ormaLion  led  to  the  use  of  phosphorus  in 
pickets,  osteomalacia,  and  delayed  healing  o£  fractures  (Kassowilz,  1&S4). 
phe  clinical  evidence  of  its  usefulness  is  contradictor)-;  the  best  results  are 

reported  in  rickets,  in  which  it  is  said  to  improve  not  only  the  bone  changes, 

but  all  the  other  symptoms.    The  improvement  should  be  seen  in  about 
Uour  weeks, 
r      The  dose  is  usually  about  i  mg.  per  day,  with  meals;  best  dissolved  in 

olive  or  cod  Uvcr  oil  (o.oi :  100  cc).  The  solution  should  be  freshly  made. 
^  pill  (0.6  mg.)  is  also  official.  It  is  coated  with  Tolu  to  prevent  oxidation, 
ft  The  administration  of  phosphorus  generally  causes  some  gaslro- 
^testinal  disturbance;  sometimes  the  jaw  necrosis;  and  rarely   t\-pical 

phosphorus   poisoning.     It   must    therefore   be   carefully   watched  and 

stopped  if  any  gastric  or  intestinal  effects  appear. 

Stability  ot  Phosphorus  Preparations.— Engclhardt  and  Winters,  IQ15,  find  the 
pills  and  spirit  fairly  ^lahk-,  hiil  rot  .xlways.     Compound  elixirs  are  less  stable, 

Phosphorus  in  Nervous  Diseases.— It  has  been  advified  as  a  tonic  in  alcohollun, 
Eurasthenia,  sexual  e«hrtustiyn,  neuralgia,  tabes,  cerebral  degeaeration,  etc.;  and  in 
ilorosia  and  anemias.  There  h  little  scienlitic  support,  eiiher  experimental  or  cHnJ- 
l),  for  thi>  u?e. 

Zinc  Phosphid. — This  has  been  sugRested  as  a  therapeutic  substitute  (Vigier,  1876); 
lerc  is  very  little  scientific  information  about  i  . 
Amoo^ous  or  Red  Phosphorus.^ This  is  non-volatile,  inabsorbable  and  ihcretore 
ITnon-toxic  when  taken  by  mouth;  but  ^incclt  may  contain  traces  of  ordinar)'  phosphorus 
(to  0.6  per  cent.  —  Blyth},  lai:.;f  (Ihm's.  Could  become  loxic.     Intravenous  injections 
(N'assc,  1885}  produced  the  eiTnis  nf  ordinary  phosphorus. 
L     Phosphorettcd  Hydrogen.— This  (Phosphire— PHO  is  a  violent  poison;  0.035  per 
pent,  ii  harmful  after  a  time;  and  0.3  per  cent,  is  quiikly  fatal,  producing  dyspnea, 
(aiDting,  Lowered  blood  pressure,  slowed  heart;  nausea  and  vomiUnft;  convulsions  and 
liaralyses;  coma  and  nsphyxia.     Postmortem  examination  shows  pulmonary  CDnjies- 
tlon  and  exudation.     Industriat  poisoning  occurs  from  hs.  pressure  in  acetylene  and 
ferrosilicoD. 

Riosphorus  Pentachlorid.—  rui&uning  is  described  by  Koch,  1914. 

PR  EPAH  AT  ION  S — PHOSPHOR  US 

'Pkoiphoms  (Phosphor.),  U-S.P..  B.P.-A  translucent  vi&xy  substance  of  distinct 
S  odor.  Melts  about  i^'C.  Oxidizes  (ittnites!)  on  exposure  to  air.  Practically 
dI.  in  water,  but  slightly  sul.  in  ale.  (1:400).    i>pahiigly  sal  in  oils.    SoL  in  f»t- 
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solvents.    Doico.s  mg.,  Vi2ogT.t  U.S.P.,  0.6  to  2.5  mg.iHoo  10  Hsgr-.  B.P.;  u  pifj 
or  oily  ^utution.     These  must  he  recently  prepared,     ifasimum  dose,  a.$  mg.,  ^|  (&,] 

Otfum  Phoiphoratum  (01.  Phosphor.),  B.P.;  1  per  cent,  in  olive  o\\.~-Doir,  0.06 
0.3  C.C.,  I  to  5  minims,  B.P.,  in  almond  or  cod  liver  oil,  or  in  capsules. 

PH.  Phosphor.,  U.S.P.— 0.6  mg..  V(op  gr.;  coaled  with  Tolu  lo  reUrd  oxidation. 

PU.  Phospkori,  B.P.— i  per  cenL  (formedy  2  percent  ^    Dote,  0.0*  to  0.J5  Cm., 
I  to  4  gr..  B.P. 
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LECITHIN,  GLYCEROPHOSPHATES,  HYPOPHOSPHITES,    ETC. 

General  Statement— Phosphorus  compounds  arc  important  constit- 
uents of  animal  and  ycgelablu  cells,  and  cspeciaUy  of  nervous  tissue. 
Preparalions  of  pho.sphorus  have  therefore  been  used  as  tonics  and 
''brain  foods"  in  all  sorts  of  depressed  conditions:  Scrofula,  incipient 
phthisis  and  cachexia;  neurasthenia  and  tabes;  ncurilcs  and  neuralfnas. 
etc. 

With  the  possible  exception  of  lecithin,  there  is  no  experimental  e\'idenct 
of  their  value;  the  clinical  evidence  also  is  too  indefinite  and  contradic- 
tory lo  establish  their  position.  With  lecithin,  positive  results  are  claimed 
by  somcinvestiKators  but  even  these  arc  denied  by  critical  obsers-crs.  The 
ordinary  diet  furnishes  a  very  free  supply  of  lecithin  and  other  phosphorus 
compounds,  and  it  is  difficult  to  see  how  the  small  quantities  added  in  the 
form  of  more  or  less  expensive  medicines  could  have  any  other  ibw 
psychic  effects. 

Occurrence  of  Phosphorus  In  Body.— Phosphorus  is  found  as  itiorganjc  phosphate. 

mainly  o{  Ca  .-iml  Mr,  i-spwrially  in  Oic  bones;  and  dissolved  af.  sodium  phosphate  !■ 
the  Uuids  and  cells.  The  ccUs  also  contain  the  organic  compounds,  Duclein&,  lecithiu, 
nnd  phoaphatids.  The  (irganic  phiu])honj>(  ntrnpoundii  of  the  serum  nrr  almost  eidil- 
sivoly  ph<ifpho-Iinin8  ((irconwald,  1016). 

Quantitative  Distribution.^ The  total  phosphorus  content  of  the  body  (youoc  dot} 
is  e<piiv.i]i!iit  to  about  0.;  per  cent,  of  P.  Of  this,  thr(*-fourths  is  in  the  bones;  Iflr 
muscles  contain  more  than  the  combined  total  of  the  ccotra)  nervous  system,  akla.  livtr 
and  kidneys  (llcuhncr,  1414). 

Orsanic  E^osphonis  Coastituents  or  TissuoB.— It  may  be  well  lo  prcnusc  Ihe  dis- 
cussion of  phosphorus  nii'talmlism  by  same  chemical  data. 

Structure  and  Occurrence  of  LecitiiinB.^The«:  are  esters  of  (atty  adds,  gijra 
phosphoric  add.  and  a  m'tropcRrus  base  (mainly  choUn).     Their  structure  will     __ 
undersliKKi  by  the  fivUuwinR  fnrniula,  in  which  R  represents  fatty  acid — oleic,  stcwl^ 
palmiUc  or  other.     The  part  to  the  riitht  of  the  doited  line  represents  cfaoUo. 


OH 

CHr-O— P— <>— H 

J,  1^ 

CHOH      O 

CHfOH 
Clyc«ropha«pboric  «ciil. 


OH 

I         i 
CHr-O— P— O— CfH. 

I  11    \ 

CIIOX      O  I(CHi).;:EN 


;HtO« 

Lecithia. 


H 


The  various  lecithin*  rliffer  accnrdin^  to  the  fatty  acid,  etc.  They  occur  in  aaiBuI 
(not  in  vcgetablcj  cells,  generaJly  combined  with  proteins.  Their  place  may  be  takes 
by  rdated  compounds  or  "phuspbatids"  which  arc  but  little  understood. 

Lecithins  are  conveniently  isolated  from  brain  substance  or  egg-yolk  ("vi(ellfai*0- 
The  commercial  products  are  quite  impure.  They  contain  j.84  to  4.13  per  cenL  d 
phosphorus.  The  purest  are  those  obtained  by  Krlandsen's  method.  (Biblio(tlfill)r 
of  Lcathina,  Merck  s  Report,  36  :so).    H.  MacLcaa,  1915,  states  that  ordinary  leduik 

>  A  vary  fult  nnew  of  U»m  cubjects.  ivith  bibUo«rftpliy,  U  givan  by  Forb«a  aad  E«th.  X»t4> 
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is  really  a  mixture  of  cepbalin  (wKicli  temU  to  becomr  insoluble  in  alcohol),  and  true 
lecithin  (which  remains  alcohol-solubk). 

Properties. — Lecithin  is  a  white  to  orangc-cc^ored  substance,  usually  amorphous  and 
waxy  whirn  dry.  It  is  ver>-  hygroscopic,  softening  10  a  sfcmifluid  maxs  In  the  air.  It 
alw  oxidizes  readily,  becoming  darker.  It  dissolves  in  alcohol  or  motit  fat-solvents 
(not  in  acetone).  It  h  insoluble  in  water,  but  readily  takes  up  water,  swelling  to  a 
gelatinous  oiaks  and  lioallv  to  a  colloidal  Milution,  from  which  it  h  precipitated  by  cer* 
tain  acids  and  salts;  while  other  salts  prevent  the  precipitation  (W.  Koch).  It  is 
decomposed  hy  prolnngetJ  contact  with  water;  alkalies  saprmlfy  it  readily  into  cholia, 
fatty  acid.  glyceropho«phoric  acid.  Further  cleavage  results  in  ordinal  phosphoric 
acid.     The  clcav'age  with  drtutc  acids  is  quite  slow. 

OfduiUn. — This  U  a  highly  misaturated  monamino-monophosphalid.  It«  nitro- 
genous ba.»e  is  probably  not  cholin  (W.  Koch.  iQoa);  otbcrivi.«c  it  is  closely  related  to 
lecithin. 

Plant  Phosphatids. — The«e  were  formerly  conudered  identical  with  lecithin,  but 
are  now  known  to  be  quite  distinct.    Thcj-  usually  contain  a  sugar  molecule. 

Phftin. — Tliis  i*.  a  calcium-inosit  phosphate,  occurring  abundantly  in  plant  seeds. 

'  Absorption,  Fate  and  Elimination  of  Phosphorus  Compounds. — The 
inorganic  phosphates  are  absorbed  as  such,  mainly  from  the  upper  portions 
of  the  small  iiilcsUncs.  Phosphates  that  are  insoluble  in  water  generally 
dissolve  readily  in  the  gastric  juice.  They  are  excreted  by  the  urine  and 
feces.  Hj-pophosphites  are  also  absorbed,  and  for  the  most  part  excreted 
unchanged.  Glycerophosphates  and  all  organic  phosphorus  compounds 
are  almost  completely  hydrolyzed  in  the  digestive  tract  (Plimmer,  1913), 
and  absorbed  and  excreted  as  inorganic  phosphate  (Oeri,  1009).  Opinions 
differ  as  to  the  importance  of  the  small  fraction  (if  any)  that  escapes 
decomposition.     Further  details  will  be  given  under  the  individual  drugs. 

The  absorbed  phosphate  is  utilized  in  the  construction  of  bone  and  in 
the  synthesis  of  ihe  various  forms  of  organic  phosphorus  com|>ounds  in  the 
body.     These  can  be  constructed  completely  from  inorganic  phosphates. 

The  greater  part  of  the  normally  excreted  phosphate  is  derived  from 
the  metabolism  of  the  tissues  and  therefore  generally  varies  in  the  same 
direction  as  the  nitrogen  excretion,  although  they  are  not  necessarily  pro- 
portional. "Phosphaturia,"  the  deposition  of  phosphates  in  the  urine, 
is  due  to  alkaJine  reaction  of  the  urine,  and  not  to  increased  phosphate 
excretion;  indeed,  the  excretion  is  generally  diminished. 

The  path  of  phosphate  excretion  is  markedly  influenced  by  the  calcium 
I  the  food.  With  a  high  calcium  income,  the  phosphate  is  excreted 
mainly  by  the  feces  as  calcium  phi:»sphate;  whereas  the  urinary  phosphates 
crease  with  a  lime-poor  diet  (Zuelzer,  1905). 


Phosidioms  Compouiids  of  Urine. — Practically  all  the  phoaphorni  of  the  urine  is 

normally  in  ilie  form  of  innrRanii^  momt-  .ind  di-hydrogen  phosphates.  A  variable 
fraction  may  exist  in  organic  form,  an  glyccropbosphoric  and  pnospbocamic  acid.  The 
organic  phosphorus  b  increased  in  fasting,  chluroform  anestiiesia,  inorphin  pMsoning, 
and  some  pathologic  conditions. 

Phosi^onis  Compounds  of  the  Feces. — These  arc  derived  partly  from  unabsorbed 
phosphates,  from  intestinal  M:<.'rcliuiis,  and  fmm  the  bact<:ria.  They  include  various 
organic  forms,  nuclcins,  lecithinA,  etc;,  as  well  us  calcium  and  other  inorganic  phosphatet. 

»R8le  of  Organic  and  Inorganic  Phosphate  Compounds  in  Nutrition. 
■ — Animals  which  receive  an  adequate  supply  of  inorganic  phosphates  re- 
quire very  little,  if  any,  organic  phosphorus  compounds  (Review,  Marshall. 
1915).  The  presence  of  some  organic  phosphorus  in  the  food  appears  to 
favor  nutrition;  but  this  may  be  due  to  the  association  of  some  "vitamin" 
or  similar  substance. 
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Synthesis  of  Lecithin. — ^fioscheT,  1896,  dethiccd  that  ihe  production  of  roe  sdiI  milt 
in  the  fasting  saJmons  must  involve  the  synthesis  ol  large  amounts  of  phosphoritcd 
fats  Trum  icurganic  pbospliurus  compuundb.  Rochmann,  1908,  Kfaowcd  tnat  micr  out 
be  maintained  for  Iwo  generations  on  lecilhin-fm;  food;  and  I'inKcrling.  1912,  and 
McColIum,  Halpin  and  Drescher,  191 2,  demonstrated  that  the  organic  pha«|^oru(  oC 
egg-yolk  can  be  formed  from  inurganic  pho»pt)orus  compounds,  since  it  is  not  dim!: 
nhed  if  birds  arc  kfpt  on  a  diet  free  from  organic  phofjihonis.  Plimmer,  i!>i^,  can»e 
to  the  same  conduHon.  Macallum  found  no  phoaphnte  lona  in  the  nuclei,  so  tLat  the 
IUiclein<i  are  probably  nnl  formed  here. 

,       Daily  Phosphorus  Reqiiiremmt — Under  ordinary  conditions,  the  daily  phospbo: 
excrt'liim  of  itprmal  human  adults  is  eouJvalent  to  about  1.5  to  1.75  Gm.  of  P,  or  abi 
3.5  Om.  of  I'Ui.     This  must  be  replaced  by  a  corresponding  income  to  preserve  a  baUa 
The  ardinar>-  diet  cuntaJtis  about  this  amount  [from  1.53  to  5.SS  Cm.,  average  $  Gn 
of   P0|   (Sherman,    Mcttlcr   and   Sinclair,    igio).     I'ndcr   special   conditions   of  dJi 
equilibrium  may  be  pre5e^^'cd  temporarily  with  0.0  (im.  of  P.     T1ii<i  is  also  the  a 
daily  rurclicin  in  fastinR. 

Phosphorus  Balance. — Inrre.15^  intake  of  phofvphonis  compounds  is  followed  hv 
incrca>e(l  cliniinalioo:  in  camivora  mainly  by  the  urine;  in  herbivura  mainly  by  the 
fece?;  in  oninivora  by  either,  according  to  the  diet.  A  portion  of  the  excess  is  retainrd, 
especially  in  groMing  animals  or  after  wasting  diseases.  The  retention  is  diminislwd 
by  deficiency  of  calcium  or  excess  of  magnesium  in  the  fiHid.  The  bones  constitute 
important  depots  for  a  phosphate  reser^'c.  The  deposition  of  phosphate  10  them  U 
hinden-d  by  inor^nnic  acids,  caluum-precipitating  ions,  or  high  polasstutn  or  low  sodium 
content  of  the  ration. 

Excision  of  the  parath>Toid5  is  followed  by  marked  retention  of  phosphorus,  inert** 
log  it?  concentration  in  the  bloixi  (Grccnwald,  1016), 

Deficieat  Phosphorus  Income.— If  this  falls  below  the  normal  requirement,  the  ex- 
cretion, and  finally  the  phosphoniii  content  of  the  tissues,  is  diniinuhed.  Tois 
leads  to  disturbances  of  growth  and  nutrition,  the  spongy*  tissue  of  the  bones  being  mi..^ 
affecird  (Masslow,  1914).  The  bones  become  soft  and  flexible  when  thrir  phosphnrid 
content  has  fallen  by  one-sixth  (Heubner,  1914).  In  fasting,  the  loss  of  phospborui  " 
considerable . 

Phosphorus  Compounds  as  "Tonics."— As  was  pointed  out  in  ibe 

introdutlory  paragraph,  the  extensive  employment  of  phosphate  com- 
pounds as  tonics,  particularly  as  "nerve  foods,"  was  based  on  mistaken 
theoretical  conceptions.  With  the  doubtful  exception  of  lecithin,  it  lacks 
all  experimental  or  reliable  clinical  foundation. 

Phosphonia  in  Nerve  Tissue. — Phosphatids,  especially  lecithin,  are  contained  in 
glands,  cell  membranes  (especially  of  the  red  corpuscles),  and  iier\'e  tissue,  where  ihey 
sub«.er\'e  important  ph^-sical  and  chemical  functions.  Ncn'ous  tissue  Js  rich  in  pho»- 
phorus  (A^  per  cent,  of  muist;  ij^  per  cent,  of  dry);  but  not  mure  so  than  glaodnlsr 
organ!>.  Its  phosphalid  content  (17  per  cent,  of  dry),  however,  Is  three  times  or  mnre 
that  of  glands.  Its  importance  therefore  can  not  be  doubted;  but  the  percentage  of 
phci^phonis  is  not  decreased  even  in  severe  nervous  diseases  (dementia  precox).  Ner- 
vous diseases  are  therefore  not  due  to  deliciency  of  lecithin  (W.  Rocb,  1909). 

Even  in  growth,  when  the  nervnu>i  tissue,  and  therefore  its  lecithin,  increases  raiiidly, 
an  abundance  of  phosphoni.i  compounds  is  supplied  by_  the  food.  Moreover,  llart, 
1008,  showed  that  even  in  extreme  phosphorus  star\'atinn  the  tissues  keep  up  their 
phosphorus  content  by  drawing  on  the  phosphates  of  the  bones.  The  effects  ol  wilh- 
nolding  01  adding  inorganic  and  orgunic  phosphorus  compounds  to  the  food  of  grow- 
ing dogs  was  studied  by  Durlach,  1913. 

The  Irritlun  content  of  different  tissues  was  studied  by  Cniik&bank,  IQI3;  It  b  ftlw 
discussed  in  Merck's  Reports,  2t:b. 

tECTISm 

General  Statement — This  is  probably  the  most  promising  of  the  phos- 
phorus tonics.  There  is  at  least  some  cxpt;rimental  evidence  that  its 
administration  favors  growth,  although  this  is  open  to  suspicion.  It  has 
not  achieved  a  secure  place  in  therapeutics.  The  occurrence,  composilinn 
and  properties  have  been  sufTicicntly  discussed  in  the  preceding  paragraphs 
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Lecithin  Content  of  Food.— The  ordinary  oiixcd  diet  contains  at  least  5  Cm.  of 
lecithin  doily;  and  this  can  be  duublctt  by  adding  a  couple  of  cgg^  [cgg-yolk  cantnins 
6^  per  cent,  of  Lecithin) :  or  by  liver  or  sweetbreads,  which  are  aliio  nch  in  phof  phoru?. 
In  cinnparison  wilh  this,  the  phosphorus  content  of  medicines  is  ridiculously  ^mall; 
for  instance,  the  d;iily  dose  of  lecithin  amount-'i  to  only  o.i  Gm.  Milk,  however,  is 
rather  poor  in  lecithin  (i  pint  contains  o.j  to  0.4  Gm.)  IW.  Koch,  1905);  but  the  organ- 
ism is  able  til  Bvtithcsizc  it*i  lecithin  from  intirRanic  phosphates. 

Fate  of  Lecithm. —  .Modem  investigators  aeree  thai  little,  if  any,  lecithin  is  absorbed 
as  such  (ctinlrary  to  the  opinion  of  Bunge);  but  thiil  the  fat-splitling  enzymes  of  the 
intestines  split  off  the  glyceropho^phorit:  acid,  which  is  further  decomposed  into  phos- 
phoric acid  btfoie  it  is  al>sorU;d  (Bukay,  1877;  Pusqualis,  1893;  Plimmtr,  1913). 
Possibly  a  fniction  of  the  Rlyceropho* photic  acid,  .ind  even  of  undccnmposcd  lecithin.  i« 
absorbed  before  the  cleavage  in  completed.  In  this  cxie,  or  if  the  ler ithii  is  introduced 
parcntcrally,  the  cleavage  occurs  in  the  tissues;  the  excretion  being  entirely  as  ioorgantc 
phosph-itcs. 

Effects  on  Growth.— Uanilcwsky,  1803  and  1S96,  believed  that  feeding  isolated 
lecithin  stimulates  the  proCfss*5  of  growth,  pruducin^  increase  of  red  corpusclp*  and 
accelerated  physical  development  as  compared  with  control  animals.  The  growth  of 
plants  was  also  increased,  The  division-rate  of  pararacdum  is  hastened  by  lecithin 
(to  a  smaller  degree  s.ho  by  cholesterol)  {Urowder.  1015)- 

Since  the  cxperimcntat  quantities  were  too  small  to  have  much  food  value,  they  would 
have  acted  ha  true  stimuLint.^.  However,  a  critical  attitude  toward  these  statements 
appears  justified.  It  is  rather  icmarkabte  that  the  addition  of  these  small  doses  of 
isolated  lecithin  should  have  effects  which  are  not  produced  by  the  much  larger  quanti- 
ties in  tlic  ordinary  diet.  Moreover,  several  recent  investigators  (Goldfarb.  1097: 
Voshimolo,  igio)  were  unable  to  confirm  the  expcrimeQlal  data.  Tbcy  obtained 
negative  results  even  with  long-continued  administration. 

On  the  other  hand,  the  Hpins  of  egg-yi>lk  or  bulter-fat  have  a  positive  effect  on  the 
growth  of  rata  kept  on  a  uniform  artificial  diet  (McCoUura  and  Davis,  1014;  Osborne 
and  Mendel);  but  ihi^  is  not  due  to  phospho-lipins. 

EflecU  on  Metabolism. — The  statements  are  similarly  contradictor>-.  Tunnicliffe, 
1906,  and  Slowtzoff,  190O,  described  retention  of  nitroRcn  and  phosphoric  acid. 

The  CUnicaJ  Data.— These  are  even  more  unsatistactorv  than  the  ciperimemal, 
although  apparently  successful  tonic  and  hemaiinic  effects  nave  been  described  (*.f., 
Serono,  1897;  Cronheim  and  Mueller,  1903,  etc.). 

Action  on  Circulation. — D^inilewsky,  1006,  and  Michailowsky,  1910;  and  K&txnel&on, 
1910,  state  that  the  heart  of  frogTi  and  rabbits  is  stimulated  by  dilute,  depressed  by 
concenitalcil  sulutions.  Lifsrhitz,  icjio,  describes  rise  of  blood  pressure  and  cardiac 
stimulation.  Lawrow  and  Wororzow,  iqis,  produced  a  marked  antagonistic  effect  to 
cardiac  poisons  (chloral  and  other  lipolytic  narcotics)  in  mammals,  by  the  intravenous 
injection  of  o.i  Gm.  per  kilogram,  as  s  per  cent,  emulsion.  Much  larger  doses  were 
harmless.  The  results  were  i*tiU  more  marked  in  excised  hearts.  They  attribute  the 
effects  partly  to  direct  carfliac  stimulalior,  partly  lo  disintoxication  of  the  lipolytic 
poisons.  Hau<«chmidl,  1915,  confirms  that  intravenous  injection  is  harmless  and 
lessens  the  toxicity  of  the  lijiolytic  narcotics  and  also  of  curare,  strychnin  and  morpbin; 
but  that  it  increases  the  toxicity  of  ricin. 

ROle  in  Fat-Assimilation. —  Bloor,  1915  and  1916,  found  that  the  laiikin  coMlent  of 
the  b'.iNni  increases  10  to  35  per  cent,  during  the  absorption  of  fats,  generally  parallel  to 
the  increase  of  blood  fat.  The  aixumulaliun  of  lecithin  is  greatest  in  the  cnrpuscleSt 
which  contain  about  twice  as  much  a  the  plasma.  The  cbolestel  content  (which  it 
about  equal  in  the  corpuscles  and  plasma)  is  not  increased  by  feeding  fats- 

T*hese  data  indicate  an  important  tALe  of  lecithin  in  fat  assimilation.  Uloor  believes 
that  lecithin  is  a  regular  sta^e  in  fat  metabolism,  through  which  all  fats  must  pass  before 
ihey  arc  assimiliUed.     The  formation  of  lecithin  probably  occurs  in  the  liver. 

Lecithin  on  Cutaneous  Absorption. — Horshim,  1912',  claims  that  small  amounts, 
rubbed  into  the  skin  before  the  application  of  a  potassium  iodid  solution  tncrcaMrs  its 
absorption;  while  large  amounts  nave  the  reverse  effect.  Glucose,  salicylic  add  and 
tetanus  toxin  were  not  absorbed. 

AdministratioD. — Commercial  ledtbin  may  be  administered  a5.  pilU,  o.i  to  0.5 
Gm..  I  !^  to  8  gr.  per  day;  for  infants,  one-third  of  this  dosage.     U  has  also  been  given 

lodermicatly.  1  c.c.  of  5  per  cent,  in  oil:  but  in  view  of  the  impurities,  this  is  not  ad- 

lUe.  It  is  incompatible  with  alkalies  (Details  of  admioist ration;  Merck's  Reports, 
:4o). 
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PHYTIN 

This  coTuists  of  the  uilbt  (ai^iiBlly  calcium)  of  an  organic  pboftf^ric  acid,  probablf  I 
containing  inosit  (presumably  inodit-hexapbcK.phonc  acid).     It  U   widely  dlstributea^ 
in  plants  (bibliognpliy,  A.  K.  Kuk,  1913J.     It  is  prepared  from  plant  seeds,  and  tuf 
been  proposed  as  a  substitute  fur  lecithin.     It  h  amorbed  and  metabotized,  but  nuat 
be  decorapD«ed  before  it  can  be  u^  by  the  tissues.     Abundant  amounts  arc  contained 
in  ordinary  food;  aad  there  is  no  clear  evidence  that  it  is  superior  to  inorganic  phosphates. 

GLYCEROPHOSPHATES 

These  are  ahtorbed  in  part  unchanged,  but  for  the  greater  part  are  decomposed  iS] 
the  intestines  into  ordinary  phosphates  (Pliraraer,  1913).     The  escretioD  is  ent 
as  phosphate. 

Since  lecithin  is  split  into  glycerophosphates  in  the  intestines  it  ira<t  suggested 
Pasqualis,  1894,  Buelow,  1894.  and  Rubin,  1894,  that  the  direct  administration 
the  cheaper  glycerophosphates  (capcdalSy  the  calcium  salt)  should  accomplish  the  same 
resulLs.  However,  according  to  WilUtaetter,  the  synthetic  glycerophosphoric  add  b 
not  identical  with  that  formed  from  lecithin.  In  any  event,  the  evidence  of  its  u» 
fulne:&s  is  even  less  convincing  than  for  Icdthin  (Report,  Counc,  Phann,  Chcm,  1916, 
J.  A.  M.  A.,  67;  10.^3). 

A  proprietary  compound  of  glycerophosphates  and  casein  has  been  widely  and] 
extravagantly  uuverliscd  as"  Sanalogcn."  It  is  a  vcr>' costly  food,  io  no  sense  superior' 
to  ordinary  casein,  such  as  cottage  cheese  (Street,  1914}. 


PREPA  RATIONS — G  LYCEROPHOSPHATES 

Caleii  Giyurcpkospkiu  (Cslc.  Glycerophos.},  U.S.P.;  the  normal  calcium  salt  of 
^ycerophosphoric  add  (C>H4(0H),I'O»Ca).— The  most  commonly  u*ed  glyceropboi- 
phate.  Fine,  white  powder;  odorless  and  almost  tastelc&s.  somewhat  hydroscopic 
Sol.  in  water  (1:50);  insol.  in  ate.  Solutions  of  glycerophosphates  are  dccompoaed  oB 
healing.     Dost,  0.25  Gm.,  4  gr..  U.S.P. 

Sod.  Glycert>pha<i,,  U.SP.— >fot  less  than  fiS  per  cent,  of  C.HifOH)jPO*Na,.  White 
[dates  or  scales,  or  powder;  saline  taste.  Very  so!,  in  water;  nearly  io&ol.  io  ale.  Dm, 
cas  Gm.,  4  gr.,  U.S.P. 

Liq.  Sod.  Glycerophos.,  U.S.P.— Not  less  than  50  per  cent,  of  XatCiHi(OH)|PO». 
Dose,  0.35  C.C.,  6  minims,  U.S.P. 

HYPOPBOSPHITBS 

General  Ststement.— These  were  introduced  by  Churchill,  1855,  against  tuber- 
culosis,  on  the  theory'  that  phthisis  is  caused  by  lack  of  oxidation  and  that  this  would  be 
stimulated  by  organic  phosphorus;  and  thai  the  hypopho^phites  would  be  converted 
into  this  "phosphatide  clement."  On  the  basis  of  this  fantastic  theory,  they  have 
been  used  consi<ifrably  ;t.s  Ionics  in  tuberculosis.  The  clinical  evidence  is  lixi  indefinite 
and  the  cxperimi^nul  evidence  is  generally  negative  (Marriott,  1916},  Report  Couoc 
Pharm.  Chcra.,  igift,  J.  A.  M.  A,  ,67  ijbo). 

The  bypnphosphites  are  excreted  rapidly  and  almost  completely  unchanged  (85  pet 
cent;  Marriott,  1916]  by  the  urine  [Paquclin  and  Joly^  Boudaert.  1895;  Massol  and 
Gamel,  igoi);  a  trace  may  possibly  be  oxidized  (Oclaini,  1911).  (Patio,  iQio,  claims 
that  only  a  fraction  is  excreted  unchanged.)     They  arc  not  diuretic. 

The  unscientific  status  of  the  hypophosphiles  is  reflected  in  the  polyphaimacal 
syruM  in  which  they  arc  generally  prescribed,  such  as  the  Syrupus  Hypopbosphitui^ 
U.S.P  .  containing  four  different  hypophnsphiles,  dose  10  c.c;  and  the  Syrupus  H 
phosphitum  cum  Ferro  (dose  10  c.c),  cuntulning  six  hyuophosphites  bestaes  qtuoin 
strychnin;  there  is  also  an  cmuUion  of  cod  liver  oil  witii  hypophosphitcs. 

The  hypophosphitcs  arc  easily  soluble  in  water;  dose,  0.1  to  1  Gm.;  i  to  15  gr. 
calcium  salt  is  probably  the  most  important. 

PR  EPARATIONS — HYPOPHOSPHITES 

AciJum  fTypopkaspbttrosum  (Acid.  Hypophos.),  U.S.P. — About  31  per  ceM.  al 
HPHiOi.     Colorless  or  shghtiv  yellow,  odorless  liquid.     Intensely  add  taste. 

AciJ.  Hypophu^.  DU.,  U.S.P.— About  10  per  cent,  of  HPHiOi.  Colorless,  odorlcM 
liquid;  strongly  .tcid  Liste.     Dosf,  0.5  cc,  ft  minims,  U.S.P. 

Cakii   Uypopkosphis  (Calc.    Hypophos.),   U.S.P.,   BJ>.;  Ca(PHjOiJ».— Colorte*. 


PHOSPHORUS    COMPOUNDS    IN    NUTRITION  817 

cransparent  prisms,  or  small  lustrous  scales,  or  a  white,  crystalline  powder;  odorless, 
nauseous  and  bitter  taste.  Freely  sol.  in  water  (1:6.5);  insol.  in  ale.  Dose,  0.5  Gm., 
8  gr.,  U.S. P.;  o.a  to  0.6  Gm.,  3  to  10  gr.,  B.P. 

Pol.  Hypophos.,  U.S.P.;  KPHiOj.— Very  sol.  in  water  {1:0.6).  Dose.o.s  Gm.. 
8gr.,  U.S.P. 

Sod.  Hypophos.,  U.S.P.,  B.P.;  NaPHiO,  +  HiO.— Saline  taste.  Freely  sol.  in 
water  (1:1);  sol.  in  ale.    Dose,  i  Gm.,  15  gr.,  U.S.P. 

Syrupus  Hypophosphitum  (Syr.  Hypophos.),  U.S.P. — Contains  a  mixture  of  calcium, 
potassium  and  sodium  hypophosphites  (total,  7.5  per  cent.),  acidulated  with  hypophos- 
phorous  acid.     Dose,  10  c.c,  2\^  drams,  U.S.P. 

Syrupus  Hypophosphitum  Composttum,  N.F. — Contains  the  above,  also  the  hypo- 
phosphites  of  Fe  and  Mn,  with  quinin  and  strychnin.  Dose,  10  cc,  2  drains;  contains 
II  mg.  (H  gr.)  quioin;  i.i  mg.  (>go  &•)  strychnin. 
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APPENDIX  A.— TABULATION  OF  AVERAGE  DOSES 

The  following  list  may  aid  in  memorizing  the  subject.  The  drugs 
have  been  divided  into  four  groups,  according  to  the  order  of  their  practical 
importance.  It  is  not  advisable  that  mescal  students  should  trouble 
themselves  with  group  D. 

AVERAGE  DOSES 


Medical  Studen.ts  are  not  required  to  memorize  Class  C 
Group  A. — Highest  Impohtance 


Scopolamin 

Atropin 

Strophanthin 

Strychnin  Salts 

Aisen.  Triox 

Mercuric  Salts 

Apomorph.  Hydrochl 

Morphin  Salts 

Pilocarpin  Salts 

Hydrarg.  Chlor.  Mit 

Codein  Salts 

Sp.  Glyceryl.  Nit 

C^ium 

Quinia  Salts 

Arsenic  Solutions 

(Except  Liq.  Arsen.  et  Hg.Iod 


0.0003  Acetanil o.a 

0.0005  Hexam 0.25 

o .  001     Acetphen 0.3 

0.0015  lodias,  Sod.,  Pot.,  etc 0.3 

0.002     Bismuth,  Insol.  Salts 0.5 

Chloral  Hydr 0.5 

Tr.  Digit 0.5 

Tr.  Opii 0.5 

Bicarb.,  Sod.  or  Pot i 

Bromids,  Sod.,  Pot.  etc i 

Salicylates,  Sod.  or  Stront i 

Inf.  Digit 4 

Tr.  Opii  Caraph 4 


0.003 

0.005 

0.008 

o.oi 

0.015 

0.03 

0.05 

0.06 

o.  I 

o.  2 

o.i) 


Gkoup  B. — Very  Important 


Phosphor o 

Epineph o 

Physostigmin,  Sal o 

Diacetylmorph.  Hydrochl o 

Elaterin o 

Antim.  et  Pot.  Tart o 

Res.  Podolph o 

Aloin o 

01.  TigUi o 

Digit o 

Santonin o 

Sod.  Cacodyl o 

Sod.  Nitris o 

CaSein o 

Amyl  Nitris o 

Camph o 

Aloe o 

Cupr.  Sulph o 

Ferr.  Carb.  Sacch o 

Mass.  Ferr.  Carb o 

Mass.  Hydrarg o 

Terpin  Hydr ! o 

Acid  Acetyl  Sal o 

Ammon.  Carb.  or  Chlor o 


.0005  Antipyr 0.3 

.0005  Caff.  Cit.  or  Caff.  Sod.  Benz. ...     0.3 

.  001  Tr.  Aconit 0.3 

.  003  01.  Santal 0.5 

.  003  Pulv.  Ipecac,  et  Opii 0.5 

.  005  Salvarsan ^.     c.5 

.  01  Tr.  Nuc.  Vom 0.5 

.015  Tr.  Strophanth 0.5 

.05  "Veronal 0.5 

.06  Methyl  Salicyl o.  75 

.  06  Neosalvarsan o .  75 

.06  Sulpbonal  or  Trional 0.75 

.  06  Acetate,  Pot.  or  Sod 

.  15  Acid.  Hydrochl.  Dil 

.  2  Calc.  Carb 

.  1  Case.  Sagr.  Fldext 

.  25  Citrate,  Pot.  or  Sod 

.25  Ipecac 

.  25  Liq.  Hypophysis 

.  25  Syr.  Ipecac 

.2;  Syr.  Ferr.  lod 

.  25  Theobrom.  Sodio-Sal 

.3  Zinc.  Sulph 

.3  Case.  Sagr.  Arom.  Fldext 2 

SlQ 
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Ergot,  Fldext 2 

Mag.  Oxid a 

Oleores.  Aspid 2 

Paraldehyd 2 

Pulv.  Jalap.  Co 2 

Sp.  AmmoQ.  Arom 2 

Mag.  Carb 3 

Pulv.  Glycyrrh.  Co 4 


Sod.  Phos 4 

01.  Morrh 10 

Pot.  et  Sod.  Tart 10 

Syr.  Rhei  Arom 10 

01.  Ricin 15 

Petrolat.  Liq 15 

Sulphate,  Mag.  or  Sod 15 

Liq.  Mag.  Cit 300 


Grodp  C. — Fairly  Iupobtant 


Aconitin 

Hyoscyamin 

Colchicin 

Homatrop.  Hydrobr 

Ouabain 

Hydrarg.  Salic 

Sod,  Arsen 

Arg.  Nit 

Ext.  Cannab 

Hydrarg.  lod.  Flav 

Hydrastin 

Spartein.  Sulph 

Ethylmorph.  Hydrochl.  .... 

Ext.  Bellad.  Fol 

Cocain  Hydrochl 

Emetin.  Hydrochl 

Erythr.  Tetranit 

Ext.  Opii 

Hydrastinin  Hydrochl 

Bellad.  Rad.,  Fldext 

Canoab.,  Fldext 

Fldext.  Ipecac 

01.  Phosphor 

Papaverin  Sulph %  . . 

Thiosinamin 

Cotarnin.  Hydrochl 

Est.  Colch 

Ext.  Hyoscy 

Ferr.  Redact 

Phenol 

Plumb.  Acet 

Pot.  Pcrmang 

Acid.  Hydrocyan,  Dil.  . 

Ext.  Fcl.  Bov 

Ferr.  Sulph.  Exslc 

Tr.  lodi 

Resorcin 

Thymnl 

Zinc.  .\cet.  or  Valer 

Cinchonin.  or  Cinchonidin.  Sulph 

Mcthj'llliionin.  Chlor 

Phcnolphthal 

Volatile  Oils 

(Except  01.  Amvcd.  .\niar. 

(Kxcept  01.  Tcr'et).  Rett 

(Kxcept  01.  Cubcl) 

(Except  01.  Eucalvpt 

(Except  01.  Santai 

(Except  01.  Oaulth 

Benzosulplilnid  (Sod.) 

Bromof   .        

Hyoscy..  Fldext 

Liq.  lodi  Co 

01.  Chcnopod 


o.oooi 

0.0003 

0.0005 

0.0005 

0.0005 

0.004 

0.005 

0,01 

o.oi 

o.oi 

0.01 

O.OI 

0.015 

0.015 

0.015 

0.02 

0.03 

0.03 

0.03 

0.05 

0.05 

0.05 

0.05 

0,05 

0,0s 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

O.  I 

O.  I 

O.  I 

O.  I 

o.  125 
o.  125 

0.125 

o  IS 
o   IS 

o   '5 

O.  2 

o  03) 

0-3) 

o  5) 
o  5} 

0-5) 

O.  2 

O  2 

O  2 

O.  2 

O  2 


sQuin.  Tann o 

Asafoet o 

Creosot o 

Ext.  Case.  Sagr o 

Ext.  Ergot o 

Ext.  Gent o 

Ext.  Rhei o 

Ferr.  et  Ammon.  Cit o 

Ferr.  Phos o 

Glycerophos.,  Calc.  or  Sod. o 

Hydrarg.  c.  Cret o 

lodof .  o 

Pellet.  Tann o 

Pot.  Chloras o 

Sod.  Phenolsulpb o 

Tereben o 

Theophyllin o 

Tr.  Gelsem o 

Chlorof o 

Phenyl  Sal o 

Piperazin o. 

Acid.  Benz o. 

Acid.  Bor o. 

Acid  Phenylcinch o. 

Acid.  Tann o. 

Alum o. 

Butyl  Chloral  Hydr o 

Calc,  Chlor.  or  Lact o 

Chlorbutanol o 

Guaiacot o 

Hypophos.  Calc,  or  Pot o 

Litn.  Carb.  and  Citr 

Oleores.  Cubeb 

Pancreat 

Pepsin 

Pot.  Nitras 

Tr.  Cannabis 

Tr.  Capsic 

Tr.  Ferr.  Chlor 

Tr.  Vcratr.  Vir 

Apocyn.  Fldext 

Sod.  Bor 

Tr.  Bellad.  Fol 

;\cid.  Camph 

.-Vcid.  Xilrohydrochl.  Dil. 

Ether 

Ethyl  C'arbam 

Benzoatcs,  Sod.  or  Ammon,    . 

Carbo  Lig 

Copaib 

Ext.  Tarax 

Guaiacol.  Carb 

Quin.  et  Ureae  Hydrochl 

Salicin 


25 
as 

25 
25 

25 
25 

25 

25 
25 
25 
»s 
25 

25 

as 

as 

as 

'S 

3 

3 

3 

5 

5 

5 

S 

5 

S 

5 
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Sp.  Camph .    i 

Sod.  Hypophos I 

Tannalbin i 

Tr.  Lobel i 

Tr.  ScJll I 

Vin.  Antim i 

Vin.  Colch i 

Sod.  Phos.  Acid 1.5 

Spirits 2 

(Except  Sp.  Glyceryl  Nit 0.05) 

i Except  Sp.  Amygd.  Amar 0.5) 
Except  Sp.  iCther 4 
Except  Sp.  Juniper  Co 10 

Acid.  Acet.  Dil 2 

Acid.  Phosp.  Dil 2 

Acid.  Sulph.  Arom 2 

Fidext.  Buchu 2 

Fldext.  Glycyrrh 2 

FIdexL  Senn 3 

Fldext.  Hydrast 2 

Pot.  Bitart 2 

Sp.  ^ther.  Nitros 2 

Sp.  Chlorof 2 

Syr.  Scill a 

Syr.Scill.Co 2 

Tr.  Card 2 

Tr.  Colch 2 

Tr.  Guaiac  Ammon 2 

Tr.  Hyoscy 2 

Tr.  Quass 2 

Tr.  Rhei  Arom 2 

Tr.  Valer.  Ammon 2 

Tr.  Zingib 2 

Uv»  Ursi,  Fldext 2 

El.  Ferr.  Quin.  et  Strych.  Phos. . .  4 

Glycerin 4 

Liq.  Hydrog.  Dioxid 4 


Magma  Bism 4 

Pot.  Cit.  Eff 4 

Senn 4 

Sp.  /Ether 4 

Sulphur 4 

Syr.  Pic,  Liq 4 

Syr.  Seneg 4 

Syr.  Senn 4 

Tr.  Calumb 4 

Tr.  Card.  Co 4 

Tr.  Cinch,  and  Co 4 

Tr.  Garabir  Co 4 

Tr.  Gent.  Co 4 

Tr.  Hydrast 4 

Tr.  Kino 4 

Agar 10 

Aq.  Camph 10 

Aq.  Creosot 10 

Magma  Mag to 

Mist.  Glycyrrh.  Co 10 

Sinapis 10 

Syr.  Hypophos lo 

llavonng  Syrups 15 

(Except  Pic.  Liq 4) 

(Except  Pruni.  Virg 4) 

Flavoring  Waters 15 

(Except  Aq.  Amygd.  Amar. . ..  4II 

Aq.  Chlorof 15 

Emuls.  Asafoct 15 

Emuls.  01  Morrh ;    15 

ExL  Malt IS 

Liq.  Ammon.  Acct 15 

Liq.  Calc 15 

Mist.  Cret 15 

Mucil.  Acac 15 

01.  Oliv 30 

Ferr.  Hydrox.  c.  Magn.  Oxid. . . .    120 


Gkoup  D. — Slight  Impoetance 


Arsen.  lod o .  005 

Aur..  et  Sod.  Chlor o .  003 

lodum 0.005 

Sod.  Arsen.  Exsic o. 005 

Ext.  Physostig o .  008 

Ext.  Aconit o .  01 

Ext  Gelsem 0,01 

Ext.  Stramon o .  01 

Ferr.  Sulph o.oi 

Hydrarg.  Succinim o.oi 

Uran.  Nit o.oi 

Aconit.  Fldext 0.03 

Benzaldehyd o .  03 

Chrysarobin o .  03 

Ext.  Colocynth o .  03 

Gelsem.  Fldext 0.03 

Hypophysis  Sice o .  03 

Oleores.  Capsic o .  03 

Oleores.  Piper o .  03 

Oleores.  Zingib o ,  03 

Trinitrophen o .  03 

Trit.  Elaterin o .  03 

Vaaillin o .  03 

Cresol o. 05 

Menthol 0.05 


Nuc.  Vom.  Fldext 0.05 

Sod.  Arsanil o .  05 

Arg.  Oxid o .  06 

Bellad.  Fol 0,06 

Calc.  Sulph.  Vcn 0.06 

Capsic 0.06 

Colocynth 0.06 

Euonym.  Ext 0.06 

Ferr.  Chlor 0.06 

Staphisag 0.06 

Stramon o .  06 

Strophanthus o .  06 

Tr.  Canthar 0.1 

Liq.  Ferr.  Chlor o .  i 

Scill.  Fldext 0.1 

Verat.  Vir.  Fldext o.  i 

Bism.  et.  Ammon.  Cit o.  125 

Cambog o .  r  25 

Camph.  Mqnobrom o.  1 25 

Lobel.  Fldext 0.125 

Res.  Jalap o.  1 25 

Sanguin 0.125 

Zinc  Phenolsulph o.  125 

Colch.  Sem.  Fldext 0.2 

Eugenol 0.3 
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Liq.  Ferr.  Subsulph 0.2 

01.  Pic.  Liq 0.2 

Res.  Scammon 0.2 

Betanapthol o.  25 

Caryopn 0.25 

Ext.  Cimicif 0.25 

Cinnam 0.25 

Colch.  Corm o.  25 

Ext.  Colocynth.  Co o.  25 

Ext.  Sumbul 0.25 

Ferr.  et  Quin.  Cit o.  25 

Glycrrh.  Ammon o.  25 

Mangan.  Diox.  Prsc o.  25 

Mosch o.  25 

Scammon.  Rad 0.25 

Sod.  Carb.  Monohyd o.  25 

Supraren.  Sice o.  25 

Zinc.  Oxid. o.  25 

Eucalyptol 0-3 

Glycer.  Phenol 0.3 

Liq.  Sod.  Glycerophos 0.35 

Acid.  Hydriod.  Dil 0.5 

Acid.  Hypophos.  Dil 0.5 

Acid.  Tart 0.5 

Ammon.  Salicyl 0.5 

Anis .  o-S 

Coriand 0.5 

Diastas 0,5 

Euonym.  Cort 0.5 

Ext,  Hydrast 0.5 

Ext.  Viburn.  Prunif 0.5 

Galla 0.5 

Kino 0.5 

Lupulin 0.5 

Myrist o.s 

Myrrh , 05 

Oleores.  Petrosel 0.5 

01.  Cajup 0.5 

01.  Cubeb 0.5 

01.  Eucalypt 0.5 

Piper 0.5 

Pix.  Liq 05 

Podoph.,  Fldext 0,5 

Quass 0,5 

Tr.  Stramon 0.5 

Acid.  Salicyl o  75 

Acet.  Scill I 

Acids,  Dilute:  Hydrobr.,    Nitr., 

Sulph 

Acid.  Gall 

Amylen  Hydr .  . 

Aq.  -Ammon 

Benzoin 

Card.  Sem , 

Carum 

Chloral  Formam   . 

Cimicif.,  Fledxt 

Cinch.,  Fledxt 

Creosot,  Carb 

Cubeb 

Fldext,  Arom 

Fldext.  Erodict 

Fldext.  Sabal 

Fccnic 

Frangul.,  Fldext 

Gambir ,  .  


Geatian  Fldext 

Guaiac 

Ichthyol 

Jalap 

Lactucar 

Liq.  Ferr.  Dial 

Liq.  Potass,  or  Sod.  Hydrox .... 

Pot.  Carb 

Pulv.  Arom 

Rhei,  Fldext 

Seneg 

Serpent 

Sod.  Sulphis  Exsic 

Sod.  Thiosulph 

Styrax 

Tr.  Arnic 

Tr.  Asafcet 

Tr,  Benzoin 

Tr.  Myrrh 

Tr.  Physostig 

Vin.  Ipecac 

Zingib.,  Fldext 

Calumb 

Emul.  01.  Tereb 

Eucalypt.,  Fldext. .    

Granat.,  Fldext 

Gossyp.  Rad.  Cort,  Fldext 

Grindel.,  Fldext 

Guaran.,  Fldext 

Pareira 

Pilocarp.,  Fldext 

Prun.  Virg 

Pulv.  Cret.  Co 

Pulv.  Rhei  Co 

Pyreth 

Sarsap,,  Fldext.  and  Co 

Sumbul.,  Fldext 2 

Sod.  Phos.  Exsic. 2 

SUlling.  Fldext 2 

Tr.  Aloes 2 

Tr.  Benzoin  Co 2 

Tr.  Cinnamon. . 2 

Tr.  Lactucar 2 

Tr.  Lavand 2 

Tr.  Tolut 2 

Valer 2 

Vibum.  Prunif.,  Fldext 2 

Xanthox.,  Fldext 2 

Aspid 4 

Aspidosp.,  Fldext .   4 

Mel  Rosae 4 

Menth.,  Pip,  or  Vir 4 

Spigel.,  Fldext .    4 

Syr.  Acid.  Hydriod 4 

Tr.  Guaiac 4 

Tr.  Mosch 4 

Tr.  Rhei 4 

Tr,  Valer 4 

Liq.  Sod.  Phos 10 

Sassafras 10 

Sod.  Phos.  Eff 10 

Syr.  Calc.  Lactophos 10 

Syr.  Lactucar 10 

Syr,  Rhei 10 

Tarax.  Fldext 10 

Trit.,  Fldext 10 
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Manna 15  Sod.  Chlor i  j 

Matricar 15  OLLini 30 

Liq.  Ferr.  et  Ammon.  Acct tj  Pepo 30 

Liq.  Pot.  Cit 15  Inf.  Senn.  Co 110 


APPENDIX  B.— CHECK-LIST  FOR  THE  STUDY  OF 
PREPARATIONS 

Introductory. — The  student  should  keep  a  separate  notebook,  ruled 
in  columns  as  illustrated  in  the  schema/  into  which  the  names  of  the 
drugs  and  the  relevant  data  are  entered  as  they  are  studied.  The  prepara- 
tion of  these  tables  is  probably  the  most  efficient  method  of  learning  the 
subject.  The  synonyms,  ori^n,  miscibility,  dose,  and  remarks  will  be 
found  in  the  text.  The  appearance,  odor,  and  taste  should  be  studied 
directly  from  the  specimen.  It  is  highly  desirable  that  the  physician  should 
be  somewhat  familiar  with  the  physical  characters  of  the  principal  drugs, 
if  for  no  other  reason  than  that  it  will  give  hira  some  confidence,  save  him 
some  embarrassment,  and  guarantee  the  proper  dispensing  of  his  prescrip- 
tions. This  knowledge  may  be  of  vital  importance  for  the  prompt  diagno- 
sis of  poisoning. 

Those  drugs  which  may  be  readily  recognized  by  their  physical  char- 
acters are  marked  with  an  asterisk.  It  is  expected  that  the  student  will 
learn  these  so  that  he  can  identify  the  unlabelled  specimens.  The  other 
specimens  should  be  learned  sufficiently,  so  that  the  student  is  able  to 
decide  whether  or  not  an  unlabelled  sample  may  or  may  not  be  whatever 
is  suggested.  For  instance,  whether  a  white  powder  may  be  arsenic 
trioxid;  whether  a  colorless  fluid  may  be  Tincture  of  Nux  Vomica,  etc. 
The  drugs  which  are  bracketed  in  the  list  are  for  inspection  only.  No 
data  need  be  entered  for  them. 

The  Materia  Medica  Museum  should  contain  the  drugs  mentioned  in  the  follow- 
ing exercises.  These  may  be  duplicated  for  large  classes.  It  will  be  found  convenient 
to  arrange  the  drugs  in  the  order  of  this  list. 

A  card  index  is  almost  indispensable.  It  should  give  the  case,  shelf, 
and  bottle  number,  and  these  should  also  be  placed  on  the  containers. 
The  labels  should  give  the  name  of  the  drug;  whether  it  is  for  iden- 
tification, important,  or  unimportant;  and  whether  it  may  be  tasted. 
Separate  gummed  slips,  distinguished  by  colors,  are  very  handy  for  this 
purpose). 

White  Labels 


Strong  Poison!  "x'^S* 

Identification. 

(Red  Label) 

(Red  Print) 

Poison!    c7a"ou.ly. 

Important. 

(Blue  Label) 

(Blue  Print) 

Practically  Harmless. 

Unimportant. 

■  (Green  Label) 
>  Sea  "Sch«nu,"  pttge  834. 

(Black  Print) 
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Other  drugs — especially  crude  specimens — are  valuable  for  reference,  but  may  be 
dispensed  with.  lUustrations  and  herbarium  specimens  of  important  and  domestic 
medicinal  plants  are  also  profitable. 

SCHEMA  FOR  THE  TABULATION  OP  MATERIA  MEDICA  NOTES 


Latin  Name 

and 
Synonym   { i ) 


Average  Dose 
(IJ^.P.) 


Metric 


U.S. 
System 


Origin:  (a) 
Part  of  Plant 
U»ei,    Impor- 
tant Constitu- 
ents. 


Per- 
cent- 
age 


Physical  Char- 
acters: Appear- 
ance.   Odor. 

Taste. 


Mtscibility  or 

Solubility  in 

Water 


Remarks 


Explanatory: 

(i)  Enter  the  full  Latin  name  and  the  abbreviation.  Synonyms  or 
English  Names  need  be  entered  only  if  they  differ  markedly  from  the 
Latin  name. 

(2)  The  origin  need  be  given  only  for  drugs  or  preparations  derived 
from  the  organic  kingdom. 

CHECK  LIST  OF  IMPORTANT  PREPARATIONS 

"H"  means  that  the  drug  is  harmless. 
"C"  that  it  may  be  tasted  cautiously. 
"Dnt.":  Do  Not  Taste! 


Colors 

Liq.  Carmin Dnt, 

(Coccus) Dnt. 

Tr.  Persion Dnt. 

Tr.  Curcura Dnt. 

Sugars  and  Syrups 

•Sacch 

*Sacch.  Lact.  Pulv 

(Sacch.  Lact.  Crvst.) 

•Syr ". 

•  Syr.  .\cid.  Cit 

•  Syr.  Aur 

•  Syr.  Tolu 

"  Pllixir  Arom 

(Glycyrrh.  Rad.) 

•  Syr.  Glycyrrh 

•  Fldext.  Glycyrrh 
•Elix.  Glycyrrh 


H 

.  H 

.  H 

,  H 

H 

H 

H 

H 

H 

.      ..  H 

.  H 

H 

Aromatic  Waters,   Spirits  and  Oils 

*  Aq,  Cinnam H 

(01.  Cassia) C 


•  Aq.  Menth.  Pip H 

•Aq.  Ros H 

•Tr.  Card.  Co H 

(Card.  Sem.) H 

Ferments  and  Nutrients 

Pepsin H 

Pancreatin H 

•  01   Morrh H 

•  Emul.  01.  Morrh H 

(Ext.  Malt.) H 

Emollients 

•  01.  Oliv H 

•01.  Theobrom H 

•  Adeps  Benz. Dnt, 

•  Adeps  Lan.  Hyd Dnt. 

•  Petrolat Dot. 

•Petrolat.  Alb Dnt. 

•  Petrolat.  Liq Dnt. 

DemolcentB 

♦Glycer H 

Supp.  Glycerin No  specimen 
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*  Acac H 

*  Mucil.  Acac '  H 

*Trag Dot. 

*  Gelat Dnt. 

Protectives 

*  Amylum Dnt. 

*  Talc.  Purif Dnt. 

*  Lycopod Dnt. 

*Lim  Sera.  Contus H 

(Linum) H 

•CoUod Dnt. 

CoUod.  Flex Dnt. 

Gossyp.  Purif Dnt. 

Caustic  Alkalies 

*  Pot.  Hydrox Dnt. 

Liq.  Pot.  Hydrox Dnt. 

Sod.  Carb.  Monohyd C 

Sod.  Carb C 

Liq.  Calc H 

Lin.  Calc Dnt. 

Soap,  Suli^ds  and  Sulphur 

Sapo '. Dnt. 

*  Sapo  Moll Dnt. 

*Lin,  Sapon Dnt, 

Lin.  Sapon.  Moll Dnt, 

Calc.  Sulphid.  Ven Dnt. 

'  Pot.  sulphurat Dnt. 

Sulphur  Sublim H 

•Sulphur  Lot H 

Ung.  Sulphur Dnt. 

Ichthyol C 

Caustic  Adds,  lodln.  Tannin 

•Acid,  Xit Dnt. 

*  Tr.  lodi Dnt. 

(lodum) Dnt. 

*  Acid.  Tann C 

*  Glycer.  .\cid.  Tann C 

(Galla) Dnt. 

Tannalbin C 

*  Tr.  Gambir.  Co C 

(Gambir) H 

Volatile  Oils 

*  Asafet Dot. 

*  Tr.  Vaier.  Ammon C 

(Valer.) H 

*  01.  Tereb C 

01.  Tereb,  Rect C 

*  01.  Pini  Pumil Dnt. 

Terpin.  Hyd C 

*0I.  Eucalypt C 

Eucalyptol C 

*  01.  Caiyoph C 

*  Copaib C 

*01.  Santal C 

*  Tr.  Benzoin.  Co C 

(Benzoin) H 

•Bals.  Peruv C 

(Bals.  Tolut.) H 

Tr.  Myrrh C 

(Myrrh) H 

•Sinap.  Nig.  Pulv : C 


(Sinap.Nig.) C 

Emp.  Sinap No  specimen 

01.  Sinap.  Vol •  Dnt. 

(Do  not  smell  directly) 

Fixed  Organic  Irritants 

Emp.  Canthar No  specimen 

(Canthar.) Dnt. 

Tr.  Capsic C 

(Capsic.) C 

Chrysarobin Dnt. 

Bitters  and  CanninatiTes 

Ext.  Gent C 

Tr.  Gent.  Co H 

(Gentian) H 

•  Sp.  Menth.  Pip C 

fOl.  Menth.  Pip.) C 

•  Tr.  Zingiber C 

(Zingib.) H 

Emodin  Cathartics 

Ext.  Case.  Sagr Dnt. 

•  FIdext.  Case.  Sagr C 

•  FIdext.  Case.  Sagr  Arom H 

•  Senna H 

Syr,  Senn H 

•  Pulv.  Glycyrrh.  Co H 

Syr.  Rhei H 

•  Syr.  Rhei  Arom H 

*Tr.  Rhei  Arom H 

(Rheum) H 

Aloe C 

Aloin Dnt. 

Phenolphthal C 

OOier  Cathartics 

Ext.  Fel.  Bov C 

•  01.  Ricin H 

(Mist.  01.  Ricin.) H 

Pulv.  Jalap.  Co C 

(Jalap) C 

Res.  Podoph Dnt. 

(Podoph.  Rhiz.) C 

Elatenn. .- Dnt. 

01.  Tiglii Dnt. 

Anthelmintics 

Oleores.  Aspid C 

(Aspid.) C 

Ol,  Chenopod. C 

Pellet,  Tann Dnt. 

Santonin C 

Strychnin 

Stryeh.  Nit Dnt. 

Ext.  Nuc.  Vom Dnt. 

Tr.  Nuc.  Vom C 

(Nux  Vom) Dnt. 

Caffein 

Caffein C 

Caff.  Cit C 

Caff.  Sod.  Benz C 
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Theobrom.  Sod.  Sal C 

Theophyll C 

Opium 

*  Opium C 

•OpiiPulv C 

*  Mist.  Glycyrrh.  Co .  H 

Pulv,  Ipecac,  et  Opii C 

*Tr.  Opu C 

*  Tr.  Opii  Camph C 

TrOpii  Deed C 

Morph.  Hydrochl Dnt. 

Ethylmorph.  Hydrochl Dnt. 

Diacetylmorph.  Hydrochl Dnt. 

Codein  Phos Dnt. 

Hydrastis,  Cannabis,  Cocain 

Fldext.  Hydrast H 

(Hydrastis) H 

Ext.  Cannab Dnt. 

Cocain.  Hydrochl Dnt. 

(Erythroxylon) C 

Atropin 

Homatrop.  Hydrobr Dnt. 

Atrop.  Sulph Dnt. 

Ext.  Bellad.  Fol Dnt. 

Tr.  Bellad C 

Ung.  Beilad Dnt. 

Tr.  Hyoscy C 

Stramon C 

Scopolamin.  Hydrobr Dnt. 

Pilocarpin  to  Ergot 

Pilocarp.  Nit Dnt. 

Physosligm.  .Sal.  Dnt. 

(Physostigraa) Dnt. 

Tr.  Lobel C 

Spartein.  Sulph Dnt. 

Epincph Xo  specimen 

Liq.  Hypophysis. Xo  specimen 

Thyroid  Sicc C 

*  Fldext.  Ergot C 

(Ergot) C 

Nitrite 

*  Amyl.  Nitris Dnt. 

*  Sp.  /l-Uher.  Xitr.o5 C 

Sp.  (Mvcervl  Nit Dnt. 

Sod.  Nitris Dnt. 

Digitalis 

Digit Dnt. 

Inf.  Digit C 

Tr.  Digit C 

Tr.  Struphanth C 

(Strophanthus; Dnt. 

Strophanlhin No  specimen 

Svr.  Sciil C 

fr.  Scill C 

(SciU.) C 

Camphor 
•Camph C 

*  Aq.  Camph C 


*  Lin  Camph Dnt 

•Sp.'Camph C 

*  Menthol C 

Saponins  to  Coldiictim 

*  Syr.  Sarsap.    Co H 

(Sarsap.) H 

Tr.  Aconit Dot. 

(Aconit.) Dnt. 

Tr.  Verat.  Vir DnL 

Tr.  Colch Dnt 

(Colch.  Corm.) Dnt. 

(Colch.  Sem.) Dnt. 

Apomorphin  and  ^>ecac 

Apomorph.  Hydrochl Dnt 

Ipecac.  Pulv C 

(Ipecac.  Rad.) C 

Fldext.  Ipecac C 

Syr.  Ipecac C 

Emetin.  Hydrochl No  specimen 

Quinin 

Quinin.  Bisulph C 

Quinin.  Hydrochl C 

*  Quinin.  Sulph C 

Quinin.  Tann C 

Quinin.  et  Urea  Hydrochl C 

Tr.  Cinchon H 

'  Tr.  Cinchon.  Co H 

(Cinchona) H 

Antij^etics 

Acetanil C 

.\cetphcn. C 

.\ntipyr C 

Coal  Tar  Antiseptics 

*  Phenol Dnt 

*  Phenol.  Liq Unt 

*UnB.  Phenol Dnt 

*CresoI Dnt 

•Liq,  Cresol Unt 

Resorcin C 

(UvaUrsi) H 

•Trinitrophen Dnt 

•Creosot C 

•Guaiacol C 

*Guaiacol C 

Guaiacol.  Carb C 

•PixLiq Dnt 

(Syr.  Pic.  Liq.) H 

•Ung.  Pic.  Liq Dnt 

•Thymol C 

Betanaphthol C 

Acid.  Benz C 

Sod.  Benz H 

•Liq.  .\ntisept.  Alk H 

Acid.  Salic C 

•Sod.  Salic H 

Acid,  .\cetylsal C 

•Methyl  Salic C 

•Phenyl  Salic C 

Acid.  Phenylcinch C 

Benzosulpmn C 
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Miscellaneous  Antiseptics 

*Liq.  Formald Dnt. 

Hexam H 

•Calx  Chlorin.. Dnt. 

•Liq.  Sod.  Chlorin Dnt. 

Sod.  Sulphis  Exsic C 

"Liq.  Hydrog.  Diox H 

•Pot.  Permang Dnt. 

•Acid.  Bor.  Pulv H 

(.\cid.  Bor.  Cryst.) H 

Glycer.  Boroglyc H 

Ung.  Acid.  Bor.. Dnt. 

•Liq.  Antisept H 

'Sod.  Bor H 

•lodof Dnt. 

Thymol.  lod Dnt. 

Serums  and  Vaccines 

Ser.  Antidiph No  specimen 

Ser.  Antidiph.  Purif No  specimen 

Ser.  Antitet No  specimen 

Ser.  Antitet.  Purif No  specimen 

Ser.  Antitet.  Sice No  specimen 

Virus  vaccin No  specimen 

Tuberculin  Old No  specimen 

Alcohol  and  AnesOtetics 

•Alcohol C 

•Chlorof C 

•Aq.  Chlorof H 

Lin.  Chlorof Dnt. 

•/Ether C 

'Sp.  ^ther C 

Etnyl  Chlor No  specimen 

Hypnotics 

•Chloral  Hydr C 

•Paraldehyd C 

Sulphonmeth C 

Add.  Diethylbarb C 

Gases 

Nitrogen  Monox No  specimen 

Oxygen No  specimen 

Cyanids 

•Acid  Hydrocyan.  Dil Dnt. 

•Pot.  Cyan Dnt. 

•Syr.  Prun.  Virg H 

Cathartic  Salts 

Sod.  Sulph H 

Sod.  Phos H 

Sod.  Phos.  Eff H 

Sod.  Phos.  Acid H 

•Pot.  Bitairt H 

•Pot.  et  Sod.  Tart H 

•Mag.  Carb H 

Liq.  Mag.  Cit Dnt. 

Magma  Mag H 

Mag.  Oxid.  Pond H 

•Mag.  Sulph H 

Water       

Aqua No  specimen 

Aq.  Dest No  specimen 

Aq.  Dest.  Steril No  specimen 


Salt  Cathions 

Sod.  Chlor No  specimen 

Liq.  Sod  Chlor.  Physiol.. .  .  No  specimen 

Liq.  Ammon.  Acet H 

*Ammon.  Carb C 

•Sp.  Ammon.  Arom C 

•Ammon.  Chlor C 

•Aq.  Ammon Dnt. 

•Lin.  Amman Dnt. 

Calc.  Carb.  Prax H 

•Cret.  Price H 

Calc.  Chlor C 

Calc.  Lact C 

Calc.  Phosph H 

Salt  Anions 

Pot.  Brom H 

•Sod.  Brom H 

•Pot.  lod H 

Sod.  lod H 

•Pot.  Chloras C 

Dilute  Acl^  and  Alkalies 

Acid.  Hydrochl.  Dil C 

Pot.  Bicarb H 

•Sod.  Bicarb H 

•Acid.  Acet.  Dil H 

Pot.  Acet H 

Acid.  Cit H 

Pot.  Cit H 

Pot.  Cit.  Eff H 

Arsenicals 

Arsen.  Triox Dnt. 

Liq.  Acid.  Arsen Dnt. 

Liq.  Arsen.  et.  Hydrarg.  lod Dnt. 

•Liq.  Pot.  Arsen Dnt. 

Sod.  Arsen Dnt. 

Sod.  Cacodyl Dnt. 

Salvarsan No  specimen 

Neosalvarsan No  specimen 

Antimony  and  Bismuth 

Antira.  et.  Pot.  Tart Dnt- 

Vin.  Antim C 

•Bism.  Subcarb H 

Bism.  Subgall H 

Bism.  Subnit H  . 

Bism.  Subsalic H 

Iron 

•Ferr.  Reduct H 

•Ferr.  Carb.  Sacch H 

Mass.  Ferr.  Carb Dnt. 

•Ferr.  et  Ammon.  Cit C 

Ferr.  Phos C 

•El.  Ferr.  Quin.etStrych.  Phos....  C 

•Syr.  Ferr.  lod C 

Ferr.  Suiph.  Exsic C 

•Tr.  Ferr.  Chlor C 

Aluminum,  Silver  and  C<^>per 

•Alum C 

Alum.  Exsic Dnt. 
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Liq.  Alum.  Acet Dnt. 

Arg.  Nit Dnt. 

•Arg.  Nit.  Fus Dnt. 

Arg.  Protein Dnt. 

•Cupr.  Sulph C 

Zinc 

Zinc  Acet C 

Liq.  Zinc.  Chlor Dnt. 

Zinc.  Sulph C 

Zinc.  Oxid H 

•Ung.  Zinc.  0:iid Dnt. 

Merctuy 

Hydrarg.  c.  Cret C 

*Massa  Hydrarg Dnt. 

*Ung.  Hydrarg Dnt. 

Ung.  Hydrarg.  Dil Dnt. 


01.  Cinereum Dnt. 

Hydrarg.  Chlor.  Mit C 

Hydrarg.  lod.  Flav Dnt. 

Hydrarg.  Ammon Dnt. 

Hydrarg.  Oxid.  Flav Dnt. 

Ung.  Hydrarg.  Oxid.  Flav Dnt. 

Hydrarg.  Chlor.  Corr Dnt. 

Toxit.  Hydrai^.  Chlor.  Corr.  Xo  specimen' 

Hydrarg.  lod.  Rubr Dnt. 

Hydrarg.  Salicyl Dnt. 

Lead 

Plumb.  Acet Dnt. 

Liq.  Plumb.  Subacet Dnt. 

Phosphoms 

•Phosphor Dnt. 
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Abietis,  oleum,  144 

Abrin,  174 

Absinthe,  147 

Absorption,  88,  643 

Acacia,  no 

Acaciae  cortex,  138 

Acapnia,  607 

Aceta,  3^ 

Acetanilid,  456,  470,  475 

Acetates,  730 

Acetone,  561 

substances,  717 
Acetonitrile  test,  350 
Acetphenetidin,  470,  475 
Acetum,  730 
Acetyl  salicylic  acid,  503 
Acidosis,  714 
Acid  sulphuricum,  132 
Acids  and  alkalies,  remote  effects  of, 

caustic,  131 

dilute,  132 

oi^anic,  and  their  salts,  729 
Acidum  aceticum,  730 

agaricum,  287 

arseniosum,  743 

boricum,  524 

camphoricum,  416 

chromicum,  773 

citricum,  731 

diaethyl-barbituricum,  600 

formicum,  732 

galltcum,  138 

hydriodicum  dilutum,  705 

hydrobromicum  dilutum,  699 

hydrochloricum,  132 
dilutum,  721 

hydrocyanicum  dilutum,  617 
Acidum  lactiaim,  132 

nitrigum,  132    ■ 
dilutum,  721 

nitrohydrochloricum,  132 

oleicum,  105 

osmicum,  132 

oxalicum,  692 

picricum,  486 

phen yl cinch oninicum,  S<yj 

phosphoricum,  721 

stearicum,  105 

sulphuricum,  132 
aromaticum,  721 

sulphurosum,  519 

tannicum,  138 

tartaricum,  654 

acidum  trichloraceticum,  133 
Aconite,  422 


Aconitin  and  aconitum,  433,  437 
Acrolein,  510 
Adalin,  699 
Addison's  disease,  338 
Adeps,  105 

benzoinatus,  105 

lanai  hydrosus,  106 
Administration  of  drugs,  84 
Adonis,  382,  409 
Adrenalinum,  338 
Adsorption,  623 
^ther,  590 

aceticus,  590 
jEtheris  nitrosi,  spiritus,  381 
^thylis  carbamas,  600 

chloridum,  590 
^thylmorphinje  hydrochloridum,  344 
Agar-agar,  178 
710      Agropyron,  in 
A^rin,  214 
Ajowan,  oleum,  69 
Albumoses,  374 
Alcohol,  458,  541,  558 

denatured,  561 
Alcoholic  beverages,  peculiarities  of,  557 
Aldchyds,  510 
Aliphatic  hj-pnotics,  590 
Alkalies,  caustic,  125 

dilute,  127 

mild,  721 

remote  effects,  710 
Alkaline  salts,  127 

Alkalinity,  actual  and  potential,  127 
Alkaloids,  19 
Allspice,  14s 
Aloes  and  aloin,  169,  170 
Alopecia,  129 
Alstonia,  469 
Althoea  radix,  no 
Alumcn,  774 
Aluminum,  773,  774 
Alypin,  262 
Amanita,  305 
Amber,  oil  01,  146 
Amblyopias,  316 
Ammonia,  126 

water,  681 
Ammoniacum,  150 
Ammonia:,  aqua,  681 

fctidus,  spiritus,  143 
Ammonii  benzoas,  494 

bromidum,  699 

carbonas,  681 

chloridum,  681 

iodidum,  705 
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^^^^^1             Anaphylactic  shock,  369 

syrup,  68                                                  H 

^^^^^B              Anaphyb toxin,  371 
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I^^^^^H              Andromedotoxin,  433 
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^^^^^H            Anrtihpftin,  263 
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^^^^H                          251 
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^^^^^H               Anginii  pLttoriiJ,  380 

Arsenicalis,  liquor.  743                               ^^^| 
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^^^^^B              Anli^-'lrrjtics.  287 
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Asatcctida,  143                                             ^^^B 
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^^^^^B              Anlsotonic  solutions,  364 

^^^^^H              Anisum,  69 
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i^^^^^H                  mnf^nesiitm  and  calcium,  641 
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I^^^^^H              AnthclmtntiLS.  179 
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^^^^^H              Anlhoiiiis,  160 
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^^^^^1            Antispasmodics.  142 
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BAFACtK,  383                                                          ^^H 
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^^^^H                  scrums,  527 
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Rolutinns,  tabic  of,  642                      ^^^^^H 
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^^^^H                       147 
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Barbttonum,  600                                      ^^^B 
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^^^^^B            Araroba,  155 

Benzamin,  363                                              ^^^H 

^^^^H            Arcca,  183 
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^^^^H            Arecolin,  183,  397 

Bcnxoatcs  and  bouoic  acid,  492,  494               ■ 
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Br-r--^ .  775 

Ci — i=:i.  viec—    145 

Bet&r~=a==L  jfa 

Cal&SttT  Ntiui.  3*3 

B«a_  ,507 

Ca'iA'-iarisL  303 

Betasipr^b^C  491 

C>'.» <.  ite 
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Ca.^  -Li.i_;I .  *99 

fi^^a-'^-  n'  I  '•'  r-.ii— >-r*  r*«'—    4*^                         c%r~.*.c^aA.  009 
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B3e,  171.  17a 

pb.-«=.i*5.  «»o 

oa  caOiartsos.  161 

s=!p=4i  essKciras.  IM 

salts.  17a 

Bio-assay.  30 

Caj.-is,  '---v^t —   ia6 

Birch,  ctl  ci.  504 

tiqa:r.  ta6 

Bisnrztru  759-  7*i 

saoki^iararzs.  SqoiV.  ij6 

Bitter  al^icod,  417 

Calcts-  saltis  6«^ 

apple.  177 

Ca^ots*^  7^1.  798 

Bitters,  1 5* 

Cala=iba.  158 

Bladder.  270 

Ca'x   ia« 

■Black  vas^  79S 

c^oiri:;ata.  519 

Bland's  p^s  770 

sa!ph=ntA.  laS 

Bleaching  powiieT.  519 

Blistering  Hqcid,  154 

Cazaphcc.  413,  416 

Ca=n>bc-ra  :=K-<io*evcTi*ia.  4x6 

Blood  root.  344 

Caniphoeic  add.  41ft 

Bhie  cohosh.  43a 

CarLa.i:an  bfsip.  411 

flag.  17* 

f'^"*-'-'^.  246 

ointment.  798 

Canna^^is.  249 

Bone  black.  160 

Cantharidin  and  caniharis.  151* 

<53 

marrow,  354 

Capsicusi,  154 

Borax.  523 

Capsules,  3S 

Boric  acid  and  Vfaie.  523" 

Cara=3«x.  100.  t6o 

Bomeol,  416 

Carbo  Irgni.  160 

Bomyral,  143 

Carbon.  co3oidal.  160 

Brain  lipoids,  531 

dioxid.  M>5 

Brayera,  181 

disalphid,  5SQ 

Brom.  strvcluuns,  189 

monoxiii.  60S 

Broniates,  709 

tetrachlorid,  5*9 

Brometone,  ^99 

Carbolic  acid.  478 

Bromids,  694 

Carbonic  acid,  605,  608 

Bromin,  134 
Bromipin,  699 

Carbosani.  149 

Cardamomi  seTn«i.  69 

Bromoform,  589 

Carminatives,  160 

Bromofomram,  590 

Carminum.  65 

Bromural,  699 

Carron  oil.  xa6 

Bronchial  muscles,  279 

Carum,  69 

Brovalol,  699 

Car>-ophy!Ius,  145 

Brown  mixture,  Z43 

Cascara  sagrada,  167.  168 

Brucin,  189 

Cascarilla,  159 

Bryonia,  176 

Cassia,  69     * 

Buchu,  148 

Cassiae  fructus.  168            ^  ^    - 

,*v  . 

Buckthorn,  168 

pulpa,  169 

Bufanin  and  Bufotalin,  382 

Cjistor  oil,  172.  173 

•M 

Burow's  solution,  774 

Castoreiim,  143 

Butea,  138,  183 

Cataphoresis,  85 

Butter,  105 

Cataria,  143 

Butternut,  176 

Catechu.  138 

Butyl-chloral  hydras,  595 

Cathartic  resins,  174 
salts.  648 

Cacao,  216 

Cathartics.  161 

Cachets,  39 

Catnip,  143 

Cactus,  412 

Caulophyllum,  308,  420 
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^^^^^H             Cauterization,  121 
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^^^^^B                   into,  90 
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Cotacvnth,  176,  177                                  ^^^B 

^^^^^B              Chamomile,  160 
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^^^^^B               Chlon>ntorphidR,  441 
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^^^^^^^^       Cocatn  group,  351 

Cymarin,  408                                              ^^^B 

^^^^^^^^m         hyperthermia,  454 

Qrtisin,  308                                             ^^H 

INDEX 


893 


Dandelion,  159 

Datura,  377,  293 

Decoctions,  32 

Delirium  tremens,  557 

Delphinium,  437 

Demulcents,  109 

Dermatitis  from  systemic  drugs,    115, 

156 
Dermatol,  763 
Dextrin,  no 
Dextrose,  100 
Diabetes  foods,  100 
Diacetylmorphina,  344 
Dialysed  iron,  771 
Diaphoretics,  298 
Diarrhea  mixtures,  139 
Diastasum,  98 

Diet,  influence  on  drug  action,  94 
Diethyl  barbituric  acid,  599 
Digestive  ferments,  96 
Digitahs,  382,  411 

group,  382 

principles,  407 
Digitaloid  drugs,  407 
Dimcthylxanthin,  214 
Dionin,  217,  233,  344 
Diphtheria  antitoxin,  528,  531 
Diplosal,  504 
Disintoxication,  78 
Dispensatories,  non-official,  23 
Distribution  of  drugs,  77,  95 
Diuretics,  665 
Dturctin,  214 
Dobell's  solution,  483 
Donovan's  solution,  743 
Dosage,  90 
Doses  for  children,  91 
Dover's  powder,  343 
Drug  action,  conditions  influencing,  92 
Drugs,  administration  of,  84 

official,  22 

proprietary,  22 
Duotol,  489 
Dusting  powders,  112 
Dyes,  absorption  of,  636 

EcnoLic  oils,  146 

Ecbolics,  367 

Ecgonin,  261 

Echinacea,  150 

Edema,  647 

Effervescent  salts,  37 

Eisen-Zuckcr,  770 

Elaterin,  176 

Elaterium,  177 

Electrolytes,  actions  of,  638 

Electrolytic  dissociation,  630 

Electron  actions,  632 

Elixir  aromaticum,  68 

Elixirs,  32 

Embelia,  138 

Emetics,  therapeutic  use  of,  447 

Emetin,  442,  445 

Emmenagogues,  367 

Emodin  cathartics,  i6fi 

Emollient  laxatives,  178 


Emollients,  103 
Emplastrum,  113 

calefaciens,  154 
Emulsions,  35,  633 
Enemas,  evacuant,  178 
Epilepsy,  696 

Epinephrin,  264,  276,  322,  338 
Epsom  .salts,  658 
Equivalents    of    metric    and    common 

systems,  48 
Ergot,  357,  366 
Ergotin,  366 
Ergotinic  acid,  364 
Ergotism,  365 
Ergotoxin,  361 
Enodictyon,  70 
Erythema,  223 
Erythrophlein,  382,  409 
Erythroxylum,  261 
Eschar,  115 
Eserin,  303 
Ether,  561 
Ethyl  bromid,  589,  590 

carbamate,  600 
chlorid,  588 

hydroxycuprein,  469 

iodid,  589 

nitrit,  liquor,  381 
Eucalyptol,  144,  145 
Eucalyptus,  145 

gum,  139 
Eumydrin,  386 
Euonymi  cortex,  413 
Euphorbium,  i^ 
Euphthalmin,  386 
Euc^uinin,  468 
Excipicnts,  37 
Excretion  of  drugs,  90 
Exodin,  170 
Expectorants,  681 
Extractive  matter,  31 
Extracts,  solid,  35 

F*X  medicinalis,  355 
Pats,  21,  105 

on  growth,  loi 
Fatty  oils,  104 
Pel  bovis,  172 
Ferments,  digestive,  96 
Ferri  carbonas  saccharatus,  770 
chloridum,  771 
et  ammonii  citras,  771 
et  potassii  tartras,  771 
et  quininae  citras,  771 
hydroxidum     cum    magnesii     oxido, 

770 
phosphas,  771 
quin.  et  strychn.  phosph.,  elixir  and 

syrupus,  198 
sulphas,  771 
Ferrosilicon,  740 
Perrum  reductum,  770 
Fetus,  passage  of  drugs  into,  90 
Fever,  452 

treatment  of,  1J59 
Fibrillary  twitchings,  333 
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Fibrolysin,  131 
Pilicic  acid,  180,  181 
Pilicis,  extractum  liquidum,  181 
Filmaron,  181 
Flavoring,  66 
Fluidextracts,  34 
Fluid  magnesia,  658 
Fluorescein,  509 
Fluorescent  substances,  510 
Fluorid  ion,  692 
Poeniculum,  69 
Food  preservatives,  526 
Foods,  medicinal,  99 
Pormaldehyd,  510  , 
compounds,  513 
FormaJdehydi,  liquor,  51a 
Formates,  731 
Fowler's  solution,  743 
Pox  glove,  411 
Prangula,  168 
Friar  s  balsam,  149 
Fuchsin,  510 
Fuller's  earth,  88 

Galbanum,  150 

Galenic  preparations,  23 

Galla,  138 

Gall-bladder,  164,  271    " 

Gambir,  138 

Gamboge,  176 

Gas,  illuminating,  608 

Gases,  systemic  actions  of,  601 

Gasolin,  1 07 

Gastric  juice,  concentration  of,  645 

Gastro-intestinal  irritation,  119 

Gaultheria,  oil  of,  504 

Gelatinum,  iii 

Gelscmium,  317 

Gentian  violet,  510 

Gentiana,  159 

Gin,  146 

Ginger,  161 

Ginseng,  160 

Glauber's  salt,  653 

Glaucoma,  284 

Ghicosids,  19 

Glucosum,  67 

Glusid,  507,  508 

Gluten  flours,  100 

Glycerin,  109 

Glyceritcs,  32 

Glyccritum  boroglycerini,  524 

Glycerj-lis  nitratis  spiritus,  381 

Glyciironic  acid,  477 

Glycyrrhiza,  68 

Glycyrrhizinum  ammoniatum,  68 

Goiters,  348 

Gold,  782 

Golden  seal,  247 

Gonoioccus  vaccin-,  535 

Gossyj)ii  cortex,  366 

radicis  cnrtex,  367 

seminis,  oleum,  204 
Gossypiiim  purifieatum,  113 
Goulard's  extract,  806 
Gout,  relation  of  uric  acid  to,  727 


Granatum,  183 
Gray  oil,  798 
Grindelia,  150 
Growth,  fats  on,  loi 
Guanidin,  323 
Guarana,  314,  316 
Guaiacol,  487,  489 
Guaiacolis  carbonas,  489 
Guaiacum,  430 
Gummi  indicum,  no 
Gums,  18,  no 
Gun-powders,  smokeless,  381 

Habituation,  93 
Haematoxyli  lignum,  139 
Haloids,  133 
Hamamelidis.aqua,  145 

cortex,  139 
Hay  fever  serum,  533 
Headache  powders,  473 
Heat  puncture,  451 

regulation,  448 
Hebra's  ointment,  806 
Hediosit,  100 
Hedonal,  600 
Helenium,  147 
Hellebore,  black,  432,  435 

green,  432,  435 
xielleborem,  409 
Helleborus,  383 
Hemidesmi  rad.,  430 
Hemoglobin,  fate  of,  768 
Hemostatic  tissue  extracts,  531 
Hemp,  Indian,  349 
Herom,  217,  344 
Hexamethylenamin,  513,  517 

on  uric  acid,  729 
Hexamina,  517 

Hippuric  acid  formation,  477,  494 
Hifudin,  375 
Histamin,  362 
Holoeain,  263 
Homatropina,  286 
Homeopathic  doctrine,  71 
Honeys,  67 
Hops,  250 
Hordenin,  364 
Hormonal,  375 
Horse-radish  root,  151 
Horse  serum,  531 
Humulus,  350 

Hydrarg^Ti  chloridum  corrosivum,  799 
mite.  798 

cyanidum,  799 

iodidum  flavum,  798 
rubrum,  799 

oxidum  flavum  and  rubrum,  798 

oxycyanidum,  799 

salicylas,  799 

subchloridum,  798 

succinimidum,  799 
Hydrargyrum,  797 

ammoniatum,  798 

cum  creta,  797 
Hydrastin,  245,  347 
Hydrastinin,  245,  347 
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Hydrastis,  245,  246 
Hydrocyanic  add,  613 
Hydrogen  dioxid,  521 

ion  concentration,  711 

peroxid,  521 

sulphid,  128 
Hydrogenii  dioxidt  (percxidi),  531 
Hydroxylamin,  376 
Hyoscin,  233,  297 
Hycscyamin,  392 
Hyoscyamus,  277,  393 
Hypericum,  156 
Hypnotics,  aliphatic,  590 

chlorinated,  595 
Hypochlorous  acid,  518 
Hypophysis,  345 
Hysteric  sedatives,  143 

IcHTHYOL,  130 
Idiosyncrasy,  92 

racial,  94 
Illuminating  gas,  608 
Imbibition,  621 
Impurities  in  drugs,  92 
Incompatibility,  43 
Indigo  carmin,  509 
Indolethylamin,  364 
Inflammation,  pain  on,  120 
Infusions,  32 

Infusum  rosae  acidum,  731 
Inhalation,  85 
Insect  powder,  433 
Intestinal  antiseptics,  527 
Intestine,  269,  274 
Intramuscular  injection,  87 
Intraocular  tension,  284 
Intraperitoneal  injections,  87 
Intrapleural  injections,  87 
Intravenous  administration,  87 

feeding,  102 
Inulin,  100 
lodids,  699 
lodin,  133 

compounds,  thyrectotropic,  350 

preparations,  organic,  701 
lodism,  704 
Iodoform,  524,  525 
lodcthyrin,  346 
lodoxybenzoic  acid,  522 
lodum,  134 
Ion  actions,  632 

relations,  639 
Ipecacuanha,  442,  445 
Ipecacuanhic  acid,  445 
Ipomcea,  175 
Iris,  176 
Iron,  762 
Irritants,  114 

hypodermic  injections  of,  117 

reflex  effects  of,  118 

toxicology  of,  122 
Iso-amyl  alcohol,  559 
Ispaghula,  iii 

Jaborandi,  297,  301 
Jalap,  175 


Jambul,  10 1 
famestown  weed,  293 
[asmine,  317 
[avelle  water,  519 
[equirity,  174 
fervin,  435 
fimson  weed,  393 
[uglans,  176 
[uices,  34 
funiper  and  oil,  146 

Kaladana,  17s 
Kamala,  181 
Kaolinum,  112 
Kava,  149 
Kidneys,  354 
Kino,  139 
Kousso,  181 
Krameria,  139 

Labarraque's  solution,  519 

Lactates,  731 

Lactic  acid  ferments,  98 

organisms,  720 
Lactucarium,  350 
Lanolin,  106 
Lanthanum,  775 
Lard,  105 
Lassar's  paste,  785 
Latin,  prescription,  63 
Laudanum,  243 
Laughing  gas,  601 
Laurocerasi  folia,  618 
Lavandula,  70 
Lead,  799 

water,  806 
Leptandra,  176 
Lettuce,  350 
Leucocj^es,  276 
Levulose,  100 
Lily  of  the  valley,  413 
Lime,  136 

water,  136 
Limonis  cortex,  67 
Lini  oleum,  105 
Liniments,  35,  146 
Linimentum  ammonite,  6S1 

camphoras  ammoniatum,  681 
Linum,  113 
Liquor  acidi  arsenosi,  743 

alumini  acetatis,  774 

ammontx,  681 

ammonii  acet.,  681 
citratis,  731 

antiseplicus,  524 
alkalinus,  494 

arseni  ct  hydrargyri  iodidonim,  743 

arsenici  hydrochloricus,  49,  743 

epistasticus,  154 

ferri  dialysatus,  771 

et  ammonii  acetatis,  771 
oxychloridi,  771 
perchloridi  fortis,  773 
persulphates,  773 
subsulphate,  773 

magnesii  citratis,  658 


^^^^^^8<>6 

INDEX                                            ^^^^^^H 

^^^^H                 Liquor  plumbi  suhacetatis,  806 

Metallic  salts,  Irx-al  actions.  134         ^^H 

^^^^^^^^            saponatus, 

Metab  and  thdr  salts,  733                    ^^H 

^^^^^^^K            sodii  )x<ratts  cumu.,  482 
^^^^^^^^f                chlfiriiii  physin  ofjicus,  674 

colloid,  734                                            ^^H 

Methaform,  595                                    ^^H 

^^^^^^^^                phosphatus  coropositiis,  653 

Methcmoglabtn  fonnatioD,  709            ^^^B 

^^^^^1                 Liqiiorcfi, 

^^^^H                 Lithii  biomidum,  699 

Methyl  al>--ohol,  559                                ^^H 

saliuylas.  504.                                        ^^H 
xant}iin^,  300                                        ^^^B 

^^^^H                     carbonn^,  677 

^^^^H 

Mclhyk-nc  blue,  508                                ^^^ 

^^^^^B                 Litliitim  t^iills,  677 

Mel!iylMiljihon.nI,  $98                                        ■ 

^^^^^B                 Liver  of                  lag 

MethylthtoninjE  olilonduin,  50lt,  509          B 

^^^^B               Lobelia,  317 

Metric  system.  45                                            fl 

^^^^H                 Loc^il  application,  B4 

Metrology,  45                                             ^^B 

^^^^^H                 Localization  nf  action,  R7 

Mczcrcum,  154                                         ^^fl 

^^^^^H                 Lijclcc's  solutiun,  642 

Meyer-Ov'crton  law,  536                        ^^^B 
Milk  of  lime,  ia6                                     ^^H 

^^^^^1                 Loco,  2^0 

^^^^H                 Ixilio  hydrargyri,  flava  and  mj^a. 

798              of  iTiagnc^ia,  658                                     ^^^H 

^^^^H                     opii  el  planihi,  343 

Mineral  waters,  663                                ^^^B 

^^^^H                 Luttol'-:  solution,  134 

Mistura  crctie.  690                                  ^^H 

^^^^^B 

fern  com[H>silii,  770                             ^^^| 

^^^^H                 Lunar  caustic,  781 

^lyc>Trhizie  cornjiosita,  343                ^^H 

^^^^H 

Mixlun»,  35                                             ^^H 

^^^^H                 Lupulinic  add,  150 

Molecular  conccniratioD,  619                ^^H 

^^^^H                  Lutein,  156 
^^^^^B                   Lyrnpodium,  113 

Monsel's  <4ilutit>n,  772                            ^^^| 

Morpliin  (TToup,  217,  458                       ^^^B 

^^^^H                 Lymph  formation,  647 

Morjihina,  344                                              ^^^B 

^^^^^H                 Lyotropio  series,  ft»  t 

Morrlnue,  oleum.  lOl                                 ^^^B 

^^^^^H 

Muschus,  143                                            ^^^B 

^^^^H                Macbkation, 

Mountain  laurel.  433                            ^^H 

^^^^H                Magma  bismuihi,  762 

sicknc&s,  613                                         ^^^1 

^^^^H                     magiiesiic,  6^ 

Mudlagines,  31                                         ^^^| 

^^^^H                Ma^esta.  658 

Mudla^nous  substances,  tog               ^^H 

^^^^H                 ^].'ig^»iii  carbonas,  658 

Muriatic  add,  13a                                       ^^^| 

^^^^H 

Miist^-arin,  275,  303                                     ^^^B 

^^^^H 

Mushroom  ['•fiisrimng,  305                      ^^^B 

^^^^^K                 NL-ignesium  compounds,  654 

MushnKniis,  edible.  305                         ^^^B 

^^^^^B                 Mntf  fern,  180,  iBl 

Miifik  r'X>t,  143                                         ^^H 

^^^^^H                 Multiini,  98 

Mu!iturd,  151                                            ^^H 

^^^^H                 M.-iinmar^'  ^land,  ^7 

Mydriatics,  3fi6                                        ^^H 

^^^^^B                 Muiidragoru,  277 

M>Tistica,  X47                                          ^^^B 

^^^^H                 Mandrake,  176 

M\Toba1anum,  139                                  ^^^B 

^^^^^B                 Manganese,  J72 

Myrrha,  150                                             ^^H 

^^^^^B                 Man)>ani  dioxiduni,  773 

^^^H 

^^^^H 

Napbtuai.&nl'h,  491                          ^^H 

^^^^^fl                                              lOO 

Naphthalin,  490                                       ^^^B 

^^^^H                 Massa  hydrarg^'ri,  797 

Naphthul.  491                                          ^^^1 

^^^^^B                 Mastiche,  150 

N'arcein,  J41                                                  ^^^B 

^^^^^B                 Matico,  149 

Naroophin,  343,  344                             ^^H 

^^^^H                 Matricaria,  160 

Noroottn,  341                                         ^^H 

^^^^^B                 May  appli!,  176 

Narcosis,  theorie  of,  ^3$                     ^^H 

^^^^H                 Mniiiurc:^, 

National  Formulary.  :r3                        ^^H 

^^^^H                 Meal  extracts,  too 

Nauseant  expe«.torantft,  446                   ^^H 

^^^^^B               Mi-ionK-           241 

Neudymium,  775                                      ^^H 

^^^^H                 Meconium.  243 

Ncosalvarsan,  748,  754                         ^^H 

^^^^^B                 M»licincs,  patent,  33 

Nephrites,  dru£,  Its                               ^^H 

^^H                           67 

Ncurin,  307                                               ^^H 

^^^^H                 Melon  seeds,  183 

Nickel,  785                                                ^H 

^^^^^B                 Mclul^nn,  475 

N'tcotin,  264,  368,  276,  308;,  3x6           ^^| 

^^^^H                 Mentha  piperita,.  160 

Nitrates.  707                                          ^^H 

^^^^H                    pip<rrita:,  aqua,  6g 

alkyl.  375                                           ^H 

^^^^H                         161 

Nitrio  pen>xia,  I2S                                      ^^^B 

^^^^^B                 Mcnthx  viridiii,  aqua,  69 

Nitrites,  373                                                  ^^H 

^^^^H 

NitrobenKil,  466                                   ^^H 

^^^^H               Mercury,  jSO,  797 

Kitrogenii  nionoxidurn,  604                   ^^H 

^^^^H               Mescal,  413 

^^^^H               Meta-CKsyl  acetAte,  4A4 

Nitroglycerin,  37s                                 ^^H 

Nitrous  oxid,  601                                  ^^H 
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Normal  saline  solution,  674 

Novaspirin,  504 

Novatophan,  507 

Novocain,  262 

Nucleoproteins,    nudeins    and    nucleic 

acids,  355 
Nutgall,  138 
Nutmeg,  147 

poisoning,  147 
Nux  vomica,  185,  198 

Obesity,  350 
Oils,  fatty,  21,  104 

volatile,  21 
Ointment  bases,  108 
Ointments,  40 
Oleatum  hydrargyri,  798 
Oleic  acid  anemia,  104 
Oleoresins,  35 
Oleum  cinereum,  798 
Olfactory  stimulants.  142 
Olivffi.  oleum,  204 
Olivcri  cortex,  69 
Opium,  343 

Opiumism,  chronic,  232 
Optical  isomers,  273 
Optochin,  469 
Oral  administration,  85 
Orchitic  extracts,  356 
Organ  extracts,  306 
Origani,  oleum,  145 
0ms  root,  176 
Orthoform,  262 
Oscin,  277 
Osmosis,  624 
Osmotic  effects  on  cells,  633 

exchanges  in  the  body,  643 
Ouabain.  411 
Ovarian  extract,  356 
Oxalic  acid  and  oxalates,  691 
Oxgall,  173 

Oxidation  theories,  610 
Oxidizing  agents,  520 
Oxycamphor,  416 
Oxygen,  610,  613 

deficiency,  613 
Oxymcl,  67 
Oxytocics,  367 
Ozone,  520 

Panax,  160 

Pancreas,  352 
Pancreatinum,  98 
Pantopon,  242,  244 
Papain,  98 
Papavcrin,  241,  245 
Paraffin  dermatitis  and  cancer,  489 
Paraffinum,  107 
Paraformaldehydum,  513 
Paraldehydum,  596 
Parasympathetic  system,  263 
Parathyroids,  351 
Paregoric,  244 
Parcira,  159 

Parrntcral  alimentation,  102 
Parsley,  147 
Patent  medicines,  23 
67 


Pathologic    states,    influence   on    drug 

action,  95 
Pediculosis,  150 
Pelletierin,  i8a 
Pennyroyal,  147 
Pepo,  183 
Pepper,  154 
Peppermint,  x6o 
Pepsi  num,  98 
Percolation,  27 
Permeability,  selective,  635 
Peroxids  of  metals,  521 

organic,  522 
Persionis,  65 
Petrolatum,  106,  107 

liquidum,  107 
Petroleum,  107 

products,  106 
toxic  effects,  107 
Petroselinum,  147 
Pharmaceutic  methods,  23 
Pharmacognosy,  17 
Pharmacology,   chemical  and  physical 

basis,  75 
Pharmacopeias,  22 
Pharmacy,  22 
Phenacetin,  456,  475 
Phenazonum,  475 
Phenol,  478 

camphor,  48a 

coefficient,  483 
Phenoloid  disinfectants,  484 
Phenolphthalcin,  171 
Phenols,  polyatomic,  484 
Phenol  sulphonates,  483 
Phenolsulphonephthalein,  171 
Phenyl  s^icylate,  504,  505 
Phenylethylamin,  364 
Phenyl-guinolin-carboxylic  acid,  505 
Phlobaphens,  19 
Phlorhizin,  353 
Picric  acid,  486 
Picrorhiza,  159 
Picrotoxin  group,  199 
Pills,  37 

Pilocarpin,  268-272,  275,  297,  301 
Pilocarpus,  301 
Pilula  ferri,  770 
iodidi,  771 

plumbi  cum  opio,  805 
PiluUc  aloes  et  ferr,,  771 

aloin.  bellad.  et  strychnin,  170 

cathartica;  compositae,  177 
Pimenta;,  oleum,  145 
Pine  needles,  oil,  144 
Pineal  gland,  351 
Pini  pumilionis,  oleum,  144 
Pink  root,  183 
Piper,  154 
Piperin,  154 
Piperazin,  729 
Piscidia,  303 
Pituitary,  334,  339,  345 
Pix  carbonis,  489 

liquida,  489 
Plant  constituents,  18 
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Plasmapheresis,  673 
Plasters,  41,  113 
Platinum,  782 
Plumbi  acetas,  805 

carbonis,  806 

iodidum,  806 

oxidum,  806 
Podophyllin,  176 
Podophyllum,  175,  176 
Poison,  definition  of,  49 

ivy,  T55 
Poisoning,  treatment  of,  54 
Pomegranate,  183 
Popular  measures,  47 
Posotogy,  62,  90 
Potentiation,  96 
Potassa  sulphurata,  128 
Potassii  acetas,  730 

bicarbonas,  725 

bichromas,  773 

bitartras,  654 

bromiduin,  609 

carbonas,  120 

chloras,  708 

chloridum,  677 

citras,  731 

cyanidum,  617 

et  sodii  tartras,  654 

hydroxidum,  126 

iodidum,  705 

nitras,  707 

permanganas,  523 

sulphas,  652 

tartras  acidus,  654 
Potassium  chlorate,  707 

mercuric  iodid,  799 
Prfesodymium,  775 
Prescription  writing,  59 
Preservatives,  food,  526 
Prickly  ash,  159 
Primula  dermatitis,  156 
Principles,  neutral  or  bitter,  20 
Proponal,  600 
Prothesis,  103 
Protopin  group,  224 
Protovcratrin,  434 
Prunus  virginiana,  6i8 
Ptomain  poisoning,  364 
Pulsatilla,  154 
Pulvis  antimonialis,  757 

cretac  ammaticus,  690 
compositus,  690 

elTer\'escens  compositus,  654 

glycyrrhiza;  aimpositus,  168 

ipecacuanha;  et  opii,  243 

sodre  tartarata;  cner\'escens,  654 
Pumpkin  seed,  183 
Punicin,  182 
Pupil.  26S,  282 
Purgatin,  170 

Pus  formation,  aseptic,  115 
Pustulatjon,  1 15 
Pyrethnim,  150 
Pyrogallnl,  485 
Pyrophosphates,  653 
Pyroxylinum,  113 


Quassia,  159 

Quebracho,  442 

Queen's  root,  176 

Quillais  cortex,  420  . 

Quinic  acid,  507 

Quinin,  455,  461,  468 

and  urea  hydrochlorid,  463,  468 
Quininae  cthylcarbonas,  468 
Quinolin,  491 

Rachitis,  685 
Radioactive  metals,  775 
Radium,  775 

Reaction  of  the  l>ody,  710 
Rectal  administration,  86 

feeding,  102 
Red  gum,  139 
Reduced  iron,  770 
Reducing  properties  of  tissues,  376 

substances  in  the  urine,  607 
Renal  irritation,  655 
Rennet,  98 
Resina,  108 
Resins,  20 

artificial,  35 
Resorcinol,  485 
Respiratory  reflexes,  118 
Rhamus  frangula,  168 

purshiana,  168 
Rhatany,  139 
Rheum,  169 
Rhodanates,  706 
Rhododendron,  432 
Rhoeados  petala,  67 
Rhubarb,  169 
Rhus,  155 
Ricin,  173 
Ricini,  oleum,  173 
RosEv  gallica,  67 
Ros£c,  aqua,  69 
Rosemary,  146 
Rosin,  108 

Rosmarini,  oleum,  146 
Rottlcra,  181 
Rubefaction,  1 14 
Rubidium,  678 
Rubijervin,  435 

Sabal,  149 

Sabromin,  699 

Saccharin,  67,  507 

Saccharum  lactis,  67,  675 

Sale)),  III 

Salicin,  503 

.Salicyl  compounds,  458,  495 

derivatives,  502 
Saline  infusions,  672 

solutions,  642 
Saliva,  excretion  by,  90 
Salt  actions,  phvsical  factors  of,  618 
Salt,  common,  674 

fever,  674 

glycosuria,  674 

starvation,  670 
Saltpeter,  707 
Salt-poor  diet,  670 
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Salts,  fervescent,  37 

of  tartar,  126 
Salvarsan,  748,  754 
Sandal  oil,  149 
Sanguinaria,  344 
Santali,  oleum,  149 
Santalum  rubrum,  66 
Santonin,  183,  184 
Sapo,  X37 
Saponaria,  430 
Saponins,  417 
Saponis  linimentum,  127 
Sappan,  139 
SarSaparilla,  430 
Sassafras  medulla,  iii 
Savin,  147 
Saw  palmetto,  149 
Scammonium,  175 
Scarlet  red,  medicinal,  155 
Scilla,  409,  411 
Scoparii  cacumina,  318 
Scoparin,  318 
Scopola,  277 
Scopolamin,  293,  397 
Scopolamtn-morphin  narcosis,  296 
Sea  water,  642 
Season  variations,  94 
Secretin,  352 
Seidlitz  powder,  654 
Selective  absorption,  ^9 

action,  79 
Selenium,  755 

Semipermeable  membranes,  624 
Senecio,  147 
Senega,  430 
Senna,  168 
Serpentaria,  159 
Serum,  373 

antidiphthericum,  531 

antimeningococcus,  531 

antitetanicum,  533 

disease,  530 

hay  fever,  533 

horse,  531 
Serums,  527 
Sesami,  oleum,  105 
Sevum,  praeparatum,  105 
Sexual  glands,  356 
Shock,  119 
Silicate,  sodium,  114 
Silver,  780 

nitrate,  781 
Sinapis,  151 
Slcunk  cabbage,  143 
Snake  venom,  421 
Snakeroot,  159 
Soap,  137 

bark,  420 

root,  430 
Soaps,  127 

Soda:  chlorinatse,  liquor,  519 
Sodium  acetate,  730 

arsanilate,  746,  747 

arsenate,  743 

benzoate,  494 

benzosulphinid,  508 


Sodium  bicarbonate,  721,  726 

borate,  534 

bromid,  699 

cacodylate,  745,  746 

carbonate,  126 

chlorate,  708 

chlorid,  667,  674 

citrate,  731 

dtro-tartrate,  effervescent,  731 

cyantd,  617 

diethyl  barbiturate,  600 

hydroxid,  136 

hTOosulphite.     See  Thiosidphate. 

inoigotindisulphonate,  509 

iodid,  706 

meta-vanadate,  756 

nitrate,  707 

nitrite,  381 

perborate,  522,  534 

phenolsulphonate,  4S3 

phosphate,  652,  653 
acid,  653 

salicylate,  502 

silicate,  liquor,  113 

sulphate,  652 

sulphite,  519,  520 

tellurate,  287 

thiosulphate,  518,  530 
Sodium-potassium  tartrate,  654 
Sojourn  in  blood,  89 
Solanin,  420 
Solubilities,  41 
Solution  tension,  632 
Solvents,  pharmaceutic,  28 
Spanish   flies,  153 
Spartein,  318 
Spearmint,  161 
Species  pectorales,  683 
Spermaceti,  108 
Spigelia,  183 
Spirit  of  mindererus,  681 
Spirits,  32 

Spiritus  ammonis  aromaticus,  681 
fetidus,  143 

rectificatus,  558 
Spleen,  relation  of,  to  iron  metabolism, 

767 
Sprays,  85 
Squill,  411 
Stains,  123 
Staphisagria,  437 
Starch.  18,  in,  ii3 
Sterilization,  29 
Stillingia,  176 
Stomachics,  157 
Storax,  150 
Stovain,  262 
Stramonium,  277,  293 
Strontii  bromidum,  699 

iodidum,  706 

lactas,  690 

salicylas,  503 
Strontium,  690 
Strophanthin,  275 
Strophanthins,  384,  f 
Strophanthus,  4IX 
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Strychnina,  185,  198 
.  Stypticin,  349 
Styptics,  139 

astringent,  139 
Styrax,  150 
Subdural  injection,  87 
Subcutaneous  feeding,  102 

hypodermic  administration,  86 
Subnasal  injection,  87 
Succini,  oleum,  146 
Sugar  substitutes,  67 
Sugars,  67 
Sulphids,  128 
Sulphocarbolates,  482 
Sulphocyanids,  615,  706 
Sulphonal,  597,  5^^ 
Sulphonated  dyes,  190 
Sulphonethylmethanum,  598 
Sulphonmethanum,  597,  59S 
Sulphur  dioxid,  519 
Sulphurous  acid,  519 
Sumbu],  143 

Sun  cholera  mixture,  139 
Suppositories,  39 
Suprarenin,  338 
Surface  phenomena,  622 
Susceptibility  to  drug  action,  92 
Sweat,  excretion  by,  90 
Sympathetic  system,  263 
Symplocarpus,  143 
Synergism,  96 
Syrup,  31 

Syrups,  flavoring,  67 
Synipus,  67 
Syrupus  acidi  citrici.  67 

calc.  lactophos,,  690 

iodidi,  771 

pini  strobi  compositus,  683 

Tablets,  39 

Talcum  purificatum,  112 

Tamarindus,  178 

Tannalbin,  138 

Tannigen,  138 

Tannin,  138 

Tannins,  ig,  136 

Tansv,  147 

Tar,  489 

Taraxacum,  159 

Tartrates,  653 

Tea,  215 

Teas,  demulcent,  no 

Tellurium,  755 

TempcTature  on  dnijj  action,  94 

Tcrebenum,  144 

Tercbinthina  canadensis,  144 

Terebinthinre  nleuni,  144 

Terpin  hydrate,  144 

Terra  silieea  purificata,  112 

Tetanus,  ,^31 

antitoxin,  531,  533 
Tetany,  686 

Tctrahvdro-beta-naphtlivlamin,  453 
Thallium,  806 
Thohaicum,  243 
Thcin,  213 


Theobromatis,  oleum,  105 

Theobromin,  200,  213,  314 

Theocin,  314 

Theophorin,  314 

Theophyllin,  200,  213,  3x4 

Therapeutics,  70 

Thiocyanates,  706 

Thiosinamin,  130 

Thiosinamina,  131 

Thorium,  775 

Thymi,  oleum,  146 

Thymol,  490,  490 

Thymolis  iodidum,  525 

Thymus,  355  _ 

Thyreotropic  iodin  compounds,  350 

Thyroid,  334,  345 

Thyroideum  siccum,  351 

Tiglii,  oleum,  178 

Tin,  782 

Tinctura  benzoini  composita,  149 

ferri  chloridi,  772 
Tinctures,  33 
Tobacco,  308 

habitual  use  of,  313 
Tolerance,  93 
Tolu,  150 
Toluol,  478 

Tolutanus,  syrupus,  68 
Toxicodendrol,  156 
Toxicologic  analysis,  51 
Toxicology,  49 
Trachea,  injections,  87 
Tragacantha,  no 
Transfusion,  673 
Treatment  of  disease,  70 
Tricresol,  484 
Trinitrini,  381 
Trinitrophenol,  486 
Trional,  598 
Trioxymethylen,  513 
Triticum,  iii 
Triturations,  37 

Trochini  trameriae  et  cocaine,  362 
Troi)acocain,  262 
Tropin,  277 

Trypanosome  experiments,  744 
Tuberculin  preparations,  534 
Turlington's  balsam,  149 
Turpentine,  143,  144 

Canada,  144 
Turpethum,  175 
Twilight  sleep,  297 
Typhoid  vaccine,  534 
Tyramine,  363 

Ulmus,  III 
Unguentum,  108 

diachylon,  806 
Upas,  198 
Uranium,  757,  759 
Urate  solvents,  726 
Urea  derivatives,  hypnotic,  598 

formation,  679 
Ureter.  271 
Urethane,  601 
Urginea,  412 
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Urinary  antiseptics,  526 
Urotropin,  513,  517 
Useful  drugs,  23 
Ustilago  maydis,  366,  367 
Uterine  sedatives,  367, 
Uterus,  270 
Uva  ursi,  485 
Uzara,  339 

Vaccinb  virus,  533 
Vaccines,  527 
Valerates,  143 
Valeriana,  143 
Valerianates,  143 
Validol,  143 
Vallet's  mass,  770 
Valyl,  143 
Vanadium,  755 
Vanillinum,  68 
Vaselin,  107 
Vasodilation,  376 
Vasomotor  reflexes,  119 
Veratrin,  428,  432 
Veratrum,  435 
Vermicides,  179 
Verona!,  599,  600 
Vesication,  114,  153 
Viburnums,  368,  369 
Vinegar,  730 
Vinum  antimoniale,  757 

fern,  771 
citratis,  771 
Virus  vacdnicum,  533 
Vitamins,  1 01 
Vitriol,  blue,  784 

green,  77 1 

oil  of,  132 

white,  785 
Vlemingla's  solution,  128 
Volatile  caustics,  124 

oils,  21 

ecbolic,  146 
irritant,  14I 


Wahoo,  41a 
Warming  plaster,  154 
Washing  soda,  ia6 
Water,  658 

distUled,  661 

withholding,  661 
Waxes,  21,  108 
Weights,  46 
White  lead,  806 

precipitate,  798 
Wild  cherry  bark,  618 
Wines,  34 

Wintergreen,  oil  of,  514 
Witch  hazel,  145 
Wood  alcohol,  559 
Wool  fat,  106 
Worm  seed,  American,  183 
Levant,  184 


Xanthoxyluii,  159 


Yeast,  355 
Yellow  wash,  798 
Yohimbin,  263 
Yttrium,  775 


ZiNX,  784 

phosphid,  811 
Zinci  carbonas,  785 

chloridum,  785 

oleostearas,  775 

oxidum,  785 

phenolsulphonas,  785 

sulphas,  785 

valeras,  785 

valerianas,  785 
Zingiber,  161 
Zirconium,  775 
Zygadenus,  428 
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Prentiss*  Embryology 

Laboratory  Manual  and  Text-Book  of  Embryoloii;y.  By  Charles 
W.  Prentiss,  Ph.D.,  Professor  of  Microscopic  Anatomy,  Northwestern 
University  Medical  School,  Chicago.  Large  octavo  of  400  pages,  with 
368  illustrations,  50  in  colors.     Cloth,  $375  net 

ORIGINAL  ILLUSTRATIONS 

Prof.  Prentiss"  new  work  has  many  features  that  mnke  it  extremely  valuable 
to  students  and  teachers  of  vertebrate  or  human  einbryulogy.  It  is  the  only  re- 
cent single  volitnne  describing  tke  thick  and  pig  ^mhryos  usually  studied  in  the 
laboratory  ;  and  at  the  same  time  it  ^ives  a  concise,  systematic  account  of  human 
embr\o]ogy.  The  descriptions  of  the  embryos  to  be  studied  in  the  laboratory  are 
concise,  yet  they  are  profusely  illuslraicd,  the  majont)'  of  the  pictures  being  original. 

It  is  the  only  comparatively  brief  text  in  which  a  lar};e  number  of  original 
dissections  of  pig  and  human  embryos  are  described  and  illustrated,  »nd  in  which 
directions  are  given  for  making  dissections  of  the  ner\-ou&  system,  viscera,  face, 
palate,  and  tongue  of  these  embryos.  Of  the  same  embr>'os  from  which  series 
of  transverse  sections  have  been  made,  illustrations  are  given,  showing  the  ex- 
ternal form  and  internal  sirucUire.  The  .«udent  will  thus  he  enabled  to  determine 
the  position  and  plane  of  section  of  each  section  studied.  There  are,  in  addition, 
original  illustrations  of  the  development  of  the  heart,  urogenital  organs,  and  ner- 
vous system.     The  book  contains  368  illustrations.  50  in  colors. 


MacCallum*s  Pathology 

Text-Book  of  Patholosy.  By  W.G.MacCallum.  M.  D..  Professor 
of  Pathology,  College  of  Physicians  and  Surgeons,  New  York.  Octavo 
of  1083  pages,  with  575  original  illustrations,  many  in  colors.  Cloth. 
^7.50  net;    Half  Morocco,  $9.00  net. 

JUST  ISSUED 

Dr.  MacCallum's  new  work  presenis  pathology  from  an  entirely  sew  angle. 
Most  text-books  on  pnthology  consider  the  diseases  of  each  organ  fteparately  under 
the  name  of  the  organ  as  a  heading,  Dr,  MacCallum's  book,  however,  considera 
pathology  on  the  principle  that  pmctically  every  pathologic  condition  is  the  direct 
or  indirect  effect  of  an  injury ;  that  is.  the  direr t  effect  or  the  immediate  or  remote 
reaction  of  the  tissues.  Tumors  alone  cannoL  be  brought  under  this  category'. 
In  a  word,  this  book  presents  t\iihohigy  based  en  Efio/ogy.  The  treatment  tif  the 
subject  is  not  limited  to  anatomic  and  morpholopc  descriptions,  but  functional 
disturbances  are  discussed,  as  well  as  those  of  chemical  character,  and  even 
symptoms  are  described.  The  entire  work  is  based  upon  the  study  of  the  materia]  , 
itself,  and  practically  all  the  illustrations  were  made  direct  from  those  particular 
specimens  studied. 


Heisler's  Embryology 

A  Text-Book  of  Embryology.  By  Johk  C.  Heisler,  M.  D.,  Pro- 
fessor of  Anatomy  in  the  Medico-Chirurgical  Collie,  Philadelphia. 
Octavo  volume  of  435  pages,  with  212  illustrations,  32  of  them  in 
colors.     Clotli,  $3.00  net. 

THIRD  EDITION— WITH  tit  ILLUSTRATIONS.  32  IN  COLORS 

This  edition  represents  alt  the  advances  recently  made  in  the  science  of  em- 
bryology. Many  portions  have  been  entirely  rewritten,  and  a  greax  deal  of  new 
and  important  matter  added.  A  number  of  new  illustrations  have  also  been  iatiO-, 
duced  and  these  will  prove  very  valuable.  Heisler's  Kmbryolot;y  has 
a  suntlard  work. 

G.  Cari  Huber.  M.  D.. 

Froftnor  of  Emiryvlogy  ta  tk*  Whtar  InUiiutr.  IMittnity  mf  BiiaujUwU, 
"  I  And  this  cdtlion  of     A  Texl-Book  of  Enil>rToloBy.*  by  Dr.  HcWer,  ui  taiprDU 
on  th*  farmer  one.    Tl«  flgurw  added  Increue  gmU>   ibe  value  of  the  wort.     I  an 
Kcommcfldlng  it  to  our  sludenls." 
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PATHOLOGY 


Mallory  and  Wright's 
Patholo£(ic  Technique 

New  (6th)  Edition 

itrchniquc.  A  Practical  Manual  for  Workers  in  Patho- 
logic 'logy,  including  Directions  for  the  Performance  of  Autopsies 
and  foi  Clinical  Diagnosis  by  Laboratory  Methods.  By  Fkank  B, 
Mallory,  M.D.,  Associate  Professor  of  Pathology,  Har^'ard  Univer- 
sity; and  JA3IES  H.  Wright,  M.  D.,  Pathologist  to  the  Massachusetts 
General  Hospital.  Octavo  of  538  pages,  with  160  illustrations.  Cloth, 
$300  net. 

In  revising  the  book  for  the  new  edition  the  authors  have  kepi  in  view  the 
needs  nf  ihe  ]abnraior>-  worker,  whether  student,  practitioner,  or  pathologist,  for 
a  practical  manua!  of  histologic  and  bacterinlogic  mclhods  in  the  study  of  patho- 
logic material.  M-iny  parts  have  l>ccn  rewritten,  many  new  methods  have  been 
added,  and  the  number  of  illustrations  has  been  considerably  increa.^ed. 

Boston  Medical  and  Surreal  Journal 

-*  Ttiisnuinunl.ainceiu  Ar^iappejrancc.  hasbeearecoenliedastbfl  liandard  (oi^*" in  patho- 
logical iectiiik)ue,  uad  )ia9  becoine  well-nigh  iodisprnsdblc  lo  the  laborator?  worker." 


E^yre's   Bd^cteriolo^ic   Technic 

Bacterlologic  Technic.  A  Laboratory  Guide  for  the  Medical, 
Dental,  and  Technical  Student.  Hy  J.  W.  H.  Kyke,  M.  D.,  V.  R.  S. 
Edin.,  Director  of  the  Bacteriologic  Department  of  Guy's  Hospital, 
London.     Octavo  of  530  pages,  219  illustrations.  Cloth,  $3.00  net. 

NEW   1 2d  I   EDITION.  REWRITTEN 

Dr.  Eyre  has  subjected  his  work  to  a  most  searching  revision.  Indeed,  so 
thorough  was  his  revision  that  the  entire  book,  enlarged  by  some  150  pitf^es  and 
50  illustrations,  had  to  be  reset  from  cover  lo  cover.  He  has  included  all  the 
latest  technic  in  every  division  of  the  subject.  Jlis  thoroughness,  his  accuracy,  his 
attention  to  detail  make  his  work  an  important  olic.  He  gives  clearly  the  technic 
for  the  bacteriologic  examin.ition  of  water,  sewage,  air.  soil,  milk  and  Its  products, 
meats,  etc.  And  he  gives  you  good  technic — methods  attested  by  his  own  lar^e 
experience.  To  any  one  interested  in  this  line  of  endeavor  the  new  edition  of 
I>r.  Eyre's  work  is  indispensable.     The  illu.'ttraiions  are  as  practical  as  the  text. 
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Mallory's 
P&tholog(ic   Histology 

Patholofflc  Histology.  By  Fkank  B.  Mallory.  M.  D..  Associate 
Professor  of  Patholt^y,  Harvard  University  Medical  School.  Octavo 
of  677  pages,  with  497  figures  containing  683  original  illustrations,  124 
in  colors.  Cloth,  $5.50  net ;  Half  Morocco,  $7.00  net 

REPRINTED  IN  THREE  MONTHS 

Dr.  Mallory  here  presents  patholo/y  frmn  the  morphologic  point  of  view.  He 
presents  his  subject  biologically,  first  by  ascertaining  the  cellular  elements  out 
of  which  the  various  lesions  arc  built  up  :  then  he  truces  the  development  of  the 
lesions  from  the  simplest  to  the  most  complex.  He  so  presents  patholo^-  that 
you  are  able  to  trare  b.-ickward  from  any  given  end-resuti,  such  as  sclerosis  of  an 
organ  (cirrhosis  of  (he  liver,  for  example),  through  all  the  various  acute  lesions 
that  may  terminate  in  that  particular  end-result  to  the  primal  causf  of  the  lesion. 
The  iliyitrations  arc  most  beautiful. 

Dr.  W.  G.  MAcCallum.  CWumiia  University 

"I  hare  loiiked  over  ItiR  l>ook  ntul  lliink  Ihe  plnn  is.  admirably  carried  uul  and  tkM  I 
book  sti[iplies  a  neci)  we  have  fell  very  inurli.     I  shall  bt  very  gtad  to  recommend  iL" 


Howeirs  Physiology 


A  Text-Book  of  Physiology.  By  William  H.  Howell,  Ph.D^ 
M.  D,,  Professor  of  Physiology  in  the  Johns  Hopkins  University.  Haiti- 
more,  Md.    Octavo  of  1020  pages,  306  illustrations.     Cloth,  $4.00  net. 

THE  NEW  [6lh)  EDITION 

Dr.  Howell  has  had  many  years  of  experience  as  a  teacher  of  physiolo^  \at 
several  of  the  leading  hicdical  schools,  and  is  therefore  eKceedingly  weil  fitted  to 
write  a  texl-bouk  on  this  subject.  Main  emphasis  has  been  laid  upon  those  facts 
and  views  which  will  be  dirercly  helpful  in  the  practical  branches  of  medicine.  At 
the  same  time,  however.  sulTicienC  consideration  has  been  given  to  the  experimen- 
tal side  of  the  science.  The  entire  litcranire  of  physiology  has  been  thoroughly^ 
digested  by  Dr.  Howell,  and  the  important  x-iews  and  conclusions  introduced  into 
his  work.  Illustrations  have  been  most  freely  used. 
The  Lancet,   London 

"  This  is  oau  uf  die  tieil  recent  text-Iiooks  on  physiolofy,  sad  wc  w«rmly  commend  K  to  1 
■Itenlion  ol  siutloDts  who  desire  to  obuio  by  readine  ik  general,  All-rouDd,  yet  cunoM  mrwiy  1 
the  «cop«,  &CU.  tbeariea,  and  speculations  iha)  make  up  its  suliject  iriBtter." 


BACTERIOLOGY  AND  HISTOLOGY. 


McFarland's  Pathogenic 
Bacteria    and    Protozoa 

Pathogenic  tSacteria  and  Protozoa.  By  Joseph  McFarland,  M.D,. 
Professor  of  Pathologj'  and  Bacteriology  in  the  Medico-Chtrurgical 
College  of  Philadelphia.  Octavo  of  807  pages,  finely  illustrated. 
Cloth,  I4.00  net. 

NEW  (8tb)  EDITION.  ENLARGED 

Dr.  McFarland's  bonk  tearhes  you  the  laboratory  technic  with  reference  to 
the  needs  of  medical  students  and  practitioners.  It  briog^  each  tnicro-organism 
into  a  historic,  geographic,  biologic,  and  pathologic  scltin(f.  It  dwells  tipon  the 
anatomic  and  physiologic  disturbances  referable  lo  the  various  micro-organisms. 
It  describes  the  lesions  occasioned  by  the  difTerent  micro-organisms.  It  explains 
such  melhodsuf///<rJ4'7i^»(iA///r'Ai/MU-fl/as  grow  out  of  a  knowledge  of  microbiology. 

U.  B.  Andenoo.  M.  D., 

Proftsior  ef  Pathotegy  md  BatttrwUgy.  TWmVy  Mtditai  ColUgi.  Toromtt. 
"Tlie  book  isa  Mii^Cnctory  one.  and  I  shall  take  pleasure  in  recommending  it  to  ihe  srudents 
ot  Trinity  CoHegc." 

TTm  Luicat,  London 

"  It  a  excellently  adapted  Cor  the  medkal  students  snd  pnciitionen  for  whom  il  ia  arowcdly 
wrilicB.  .  .  .  The  dexrtptioai  (tvea  are  accurate  and  readable." 

Hill's  Histolo^  and  Org^ano^raphy 

A  Manual  of  Histology  and  Organography.  By  Charlgs  Hill, 
M.  D.,  formerly  Assistant  Professor  of  Histology  and  Embryology, 
Northwestern  University.  Chicago.  i2mo  of  483  pages,  337  illustra- 
tions.    Cloth,  f2.25  net. 

THE   NEW    Od)   EDITION 

Dr.  Hill's  work  is  characterized  by  a  completeness  of  discussion  rarely  met  in 
a  bonk  of  this  size,     rarticular  consideration  is  given  the  mouth  and  teeth. 

PsntuyWaoia  Medical  Journal 

-'  It  is  amngetl  in  such  a  manner  as  to  be  easy  of  ucoi  and  coitiprebeosion.  To  any 
contemplating  the  study  of  biMology  and  organography  «re  would  cOtnmcDd  Ihn  work." 


SAi/NDEltS    BOOKS  ON 


McFarland's   Pathology 


A  Text-Bcmk  of  Pathology.    By  Joseph  McFarland,  M.  D^  Pro* 
feasor  of  Palhology  and  liactcriolog)'  in  the  Mcdico-Chirurgical  CoUegs^ 
of  Philadelphia.     Octavo  of  856  i»agcs,  with  437  iUu^ttratiuns,  many  u 
colors.    Cloth,  $SX)0  net;  Half  Morocco,  $6.50  net 

THE   NEW    (24)   EDITION 

Yoti  cannot  successfully  treat  disease  unless  yuu  have  a  practical,  ctitiu^ 
know]ed(;e  of  the  pathnlogic  changes  praduced  by  disease.  For  this  purpose  Dr. 
McKarlnnd's  work  is  well  fitted.  It  was  written  with  jus(  such  an  end  in  view — io 
fu^l1i^h  A  ready  means  of  acquiring  a  thoruu^'h  trainin;;  in  the  subject,  a  training;] 
such  as  would  be  of  daily  help  ir.  your  practice.  For  this  edition  every  page  hO 
been  none  over  most  carefully,  correcting,  omitting  the  obsolete,  and  adding  the 
new.  Some  sections  have  been  entirely  rewritten.  You  will  find  tt  a  book  wfS\ 
worth  constilting.  for  it  is  the  work  of  an  authority. 

St.  PauI  Medical  Journal 

"  It  h  vifir  to  %uy  rh.il  Iberr  nre  trvr  who  are  belter  qualified  to  gtve  ■  r^smn^  of  Ihe  i 
vl<>w<  on  1I1I1  iiitijcct  t)i.tn  McFftrlanc].    The  subjeci-matter  Is  thoroughly  up  lo  dale** 


ftoiton  M«dlcal  aod  Sur^al  Journal 

"  It  conlaint  a  grrni  ihhhi  of  wcll'Cliutified  fiwts. 
SpMMl  pathology  of  the  blood." 


One  of  the  best  sections  it  ifau  1 


McFarland's 

Biolo^:  Medical  and  General 

Biology:  Medical  and  General — By  JosErii  McFarlakd.  M.D.. 
Professor  of  Pathology  and  Pncteriology  in  the  Medico-Chirurgical  Col- 
lege of  Phila.     i2mo,  457  pages,  160  illusirations.     Cloth,  Jl.75  net. 

Nt:W  ^Sd)  EDITION 
This  work  is  both  a  general  an4  medical  biology.     The  former  because  it  db> 
cusses  the  peculiar  nature  and  reacvions  of  hving  substance  generalty;  the  latt 
because  particular  emphasis  is  laid  on  those  subjects  of  special  interest  aod  ralvc 
in  the  study  and  practice  of  medicine.     The  tllustiatioDS  wiU  be  found  of  £>**> 
a^tistance. 


rMd«ric  p.  OoflkHi.  A.  Mm  Bnwm  Vrnhfrtity. 

"  I  kill  graatly  pleased  with  ft  Perhaps  ibe  hlcbeti  pmiw  wtiich  I  cut  p**  ibe  book  b  la 
afty  Am  ft  mor«  acailr  appnadMs  ihr  counc  I  an  dov  pvlnf  In  geosral  btolocr  i^a  ^^ 
oth«r  work." 


PATHOLOGY 


Sten£(el  (^  Fox*s  P&tholo^ 

Pathology.  By  Alfred  Stengel,  M.  D.,  Sc.  D..  Professor  of  Medj> 
cine,  University  of  Pennsylvania;  and  Herbert  Fox,  M.  D..  Director 
of  the  Pepper  Laboratories  of  Clinical  Medicine,  University'  of  Pennsyl- 
vania. Octavo  of  1045  pages,  with  468  text-illustrations,  many  in 
colors,  and  15  colored  plates.    Cloth,  $6.00  net ;  Half  Morocco,  $7.50  net. 

NEW  (eth>  EDITION.  REWRITTEN 

This  new  (6th)  edition  i*  virmally  a  new  work.  It  has  been  rewritten  through- 
out, reset  in  new  type,  and  a  larger  type  page  used.  New  matter  equivalent  to 
175  pages  has  been  added  and  some  75  new  illustrations,  many  of  Ihem  in  colore. 
The  work  is  a  handsome  vohime  of  over  1000  pages.  In  the  fir^i  portions,  de- 
voted ti>  general  pathology,  (he  sections  on  inBammatian,  retropreisive  processes, 
disorders  of  nutrition  and  metabolism,  general  etiology,  ami  diseases  due  to  bac- 
teria were  wholly  rewritten  or  very  largely  recast.  A  new  section  i<n  transmissible 
diseases  was  added;  the  terata  were  included,  with  a  synoptical  chapter  on  terat- 
ology. The  glands  of  internal  secretion  were  given  a  separate  chapter,  and  new 
chapters  on  the  pathology  of  eye.  ear.  and  skin  were  added. 


Stiles'  Human  Physiology 

JUST  ISSUED 

The  simplicity,  the  clearness  with  which  Dr.  Stiles  presents  this  dift'icult 
subject  makes  the  work  decidedly  valuable  as  a  texi-book  for  High  Schools  and 
General  Colleges.     The  text  u  illustrated  in  Dr,  Stiles'  usual  striking  way, 

limn  a'' 404  tMK«*,  illu*tr»l«<l.  By  Pwcv  GounnWAri  SriLas.  AmUum  ProhMar  of  PliytloloKjr 
ftt  Htrvmrd  iJnivcnity.  Clodi,  li.jaDCt. 

Stiles'  Nutritional  Physiolo^ 

NEW  {2d)  EDtTION 

Prof.  Stiles'  work  opens  with  a  briefbut  adequ.ite  presenuiion  ofihe  physiology 
of  free-hv'ing  cells  and  leads  up  to  the  more  complex  function  in  man.  It  discusses 
the  rile  each  organ,  each  secretion  plays  in  the  physiology  of  nutrition — in  the 
transformation  of  energy. 

tsiHD  t*  mB  pacn.  UhuuvMil.     Bjr  Pwcv  G.  Stil^,  Hannud  Uolwraliy.    Clmh,  ^.as  »**- 


Stiles*  The  Nervous  System 

This  new  book  is  really  a  physiology  and  anatomy  of  the  nenous  system, 
cmphasiting  the  means  of  conserving  Der\'ous  energy.  You  get  chaptcra  on  the 
minute  structure,  reflexes,  afferent  ner^'ous  system,  neuromuscular  system  and 
fatigue,  autonomic  system,  the  cerebrimi  and  human  development,  emotion,  sleep, 
dreams,  causes  of  nervous  impairment,  netirastlienia.  hygiene. 

nrna  of  sjo  pac«a,  iHflunwd.    Br  l*nKT  COLirtKWArr  5T».>»,Ramnl  IJiilvtnltr.   Chxh.ft  »5  Ml> 


SAUNDERS'    BOOKS   ON 


Jordan's 
General   Bacteriology 

A  Text-Book  of  Qeneral  Bacteriology.  IJy  Edwin  O.Jordan,  Ph.D., 
Professor  of  Bacterioloffy  in  the  University  of  Chicago  and  in  Rush 
Medical  College.     Octavo  of  667  pages,  illustrated.      Cloth.  $3.25  nct. 

JUST  OUT-NEW  (5thl  EDITrON 

Professor  Jordan's  work  embraces  the  entire  field  of  bacteriology,  the  non- 
pathogenic as  well  as  the  p.ithngenic  bacteria  being  considered,  giving  greatvr 
emphasis,  of  course,  to  the  latter.  There  are  extensive  chapters  on  methods  tA 
studying  bacteria,  including  staining,  biochemical  tests,  cultures,  etc.;  on  the 
development  and  composition  of  bacteria  ;  on  enzymes  and  fermentation- products; 
on  the  bacterial  production  of  pigment,  arid  and  alkali  :  and  on  ptomains  and 
toxins.  Especially  complete  is  the  presentation  of  the  scrum  treatment  of  gonor- 
rhea, diphtheria,  dysenierj'.  and  tetanus.  The  relation  of  bovine  to  hummn 
tuberculosis  and  the  ocular  tuberculin  reaction  receive  extensive  consideration. 

This  work  will  also  appeal  to  academic  and  scientific  students.  It  contains 
chapters  on  the  bacteriology  of  plants,  milk  and  milk-products,  air.  agricultuic, 
water,  food  preservatives,  the  processes  of  leather  tanning,  tobacco  curing,  and 
vinegar  making  ;  the  relation  of  bacteriolog)-  to  household  administration  and  to 
sanitary  engineering,  etc. 

Prof.  Severance  Burra^e.  AttPciaU  Prpftsi6t  0/ Samilary  Siitmtt,  Pmrdtt  Umiv*rn/y. 

"I  am  much  impreucd  with  lh«  cotnp]etm«n  and  accuracf  of  ibc  book.  It  oeitiM^ 
covers  tlie  (raund  more  completely  than  iiny  nihrr  American  book  thai  I  have  SMQ." 


Wadsworth's  Postmortems 

Postmortem  Examinations.  By  William  S.  VVadsworth,  M.  D., 
Coroner's  Physician  of  Philadelphia.  Octavo  of  600  pages,  wHh  304 
original  illustrations.  Cloth,  ^6.00  net;  Half  Morocco,  $7.50  net. 

BASED  ON  4000  POSTMORTEMS 

This  new  work  is  based  on  Dr.  Wadswonh's  sixteen  years'  constant  study  of] 
the  human  body  and  of  some  4000  postmorcems.  So  far  as  possible  the  principles 
dre  presented  rather  ihan  niles.  The  tutual  technic  is  explained  in  detail— Car 
more  fully  than  m  any  other  work.  Many  errors,  commonly  accepted  as  ^ts,  are 
pointed  out  and  corrected.  .K  strong  feature  is  the  great  attention  given  to  the 
inlerprciaiion  of fimiini^s. 

The  illmtnttions  are  actual  photographs  taken  by  Dr.  Wadsworth  himself. 
They  arc  photographs  of  the  fresh  cadaver — not  of  preserved  specimens. 

Anatomists,  surgeons,  medical  men  of  all  departments  will  find  a  great  deal 
of  real  value.  To  those  who  are  called  upon  to  perform  postmortem  examina- 
tions this  new  book  is  indispensable  beiause  it  gives  them  the  new  technic.  the 
new  interpreution  of  findings,  the  last  word  on  the  subject. 


'^ 


PATHOLOGY 


GET  ^  «  THE  NEW 

THE  BEST  AinCriCSill  STANDARD 

Illustrated   Dictionary 

New  (8th)  Edition— 1500  New  Terms 


The  American  Illustrated  Medical  DIctloiiary.  A  new  and  com- 
plete dictionary  of  the  tenns  used  in  Medicine,  Surgery,  Dentistry, 
Pharmacy,  Chemistry,  Veterinary  Science,  Nursing,  and  kindred 
branches ;  with  over  100  new  and  elaborate  tables  and  many  handsome 
illustrations.  By  W,  A.  Newman  Dorland,  M.D.,  Editor  of  "The 
American  Pocket  Medical  Dictionary."  Large  octavo,  1 137  pages, 
bound  in  full  flexible  leather.  Price,  ^.50  net;  with  thumb  index, 
$5.00  net 

IT  DEFINES  ALL  THE  NEW  WORDS— IT  IS  UP  TO  DATE 

The  American  Illustrated  Medical  Dictionary  defines  hundreds  of  the  newest 
terms  not  defined  in  any  other  dictionary — ^bar  none.  These  new  terms  are  live, 
active  words,  taken  right  from  modem  medical  literature. 

It  gives  the  capitalization  and  pronunciation  of  all  words.  It  makes  a  feature 
of  the  derivation  or  etymology  of  the  words.  In  some  dictionaries  the  etymology 
occupies  only  a  secondary  place,  in  many  cases  no  derivation  being  given  at  all. 
In  the  American  Illustrated  practically  every  word  is  given  its   derivation. 

Every  word  has  a  separate  paragraph,  thus  making  it  easy  to  find  a  word 
quickly. 

The  tables  of  arteries,  muscles,  nerves,  veins,  etc.,  are  of  the  greatest  help  in 
assembling  anatomic  facts.  In  them  are  classified  for  quick  study  all  the  neces- 
sary information  about  the  various  structures. 

Every  word  is  given  its  definition— a  definition  that  defines  in  the  fewest  pos- 
fflble  words.  In  some  dictionaries  hundreds  of  words  are  not  defined  at  all, 
referring  the  reader  to  some  other  source  for  the  information  he  wants  at  once. 

Howard  A,  Keller,  M.  D..  Johns  Hopkim  Univerniy,  Baltimore. 

"  The  American  Illustrated  Dictionary  is  admirable.  It  is  so  well  gotten  up  and  of  such 
convenient  dze.     No  errors  have  been  found  in  my  use  of  it." 

|.  Collini  Warren.  M.  D.,  LL.D.,  r.R.C.S.  (Hon.).  ffaruard  Medical  Sehod 

"  I  regard  it  as  a  valuable  aid  to  my  medical  literary  work.  It  is  very  complete  and  of 
convenient  dze  to  handle  comfortably.     I  use  it  in  prefBrence  to  any  other." 


r 
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SAUNDERS"    BOOKS  ON 


Wells'  Chemical  Pathology 


Chemical  Patholosry — Being  a  Discussion  of  General  Fathology 
from  the  Standpoint  of  the  Chemical  Processes  Involved.  By  H. 
Gideon  Wells.  Ph.  D..  M.  D.,  Assistant  Professor  of  Pathology  in  the 
University  of  Chicago.     Octavo  or6i6  pages.     Cloth,  $3.25  net, 

NEW  (2d!  EDITION 

Dr.  Wells'  work  is  written  for  the  physician,  for  those  engi^ed  in  research  in 
pathology  and  physiologic  chemistry,  and  for  the  medical  student.  In  the  irnro- 
ducton-  chapter  are  discussed  the  chemistr)-  and  physics  of  the  animal  cell.  givtAC 
the  essential  facts  of  ioniiation,  diffusion,  osmotic  pressure,  etc.,  and  the  relaticMi 
of  these  facts  to  cellular  activities.  Special  chapters  are  devoted  to  Diabetes  and 
to  Uric-acui  Metabolism  and  Gout. 

Wot.  n.  W«lch.  M.  D. 

Professor  p/  P,tfic/<>£Tf.  Johmt  Ihpkins  VnivtrMy. 

"  The  work  filb  a  real  need  hi  ihe  English  literature  of  a  vrrr  iRiportant  snbjed.  attd  I 
shall  be  glad  10  FCcoTnmcnd  tt  \o  ray    siudcnts." 

Lusk's 
Elements  of  Nutrition 

Elements  of  the  Science  of  Nutrition.  By  Gr.'VH.\m  Lusk,  Ph.  D., 
Professor  of  Physiologj*  at  Cornell  Medical  School.  Octavo  voltune 
of  302  pages.     Cloth,  $3.00  net. 

THE  NEW   (Zd)  EDITION— TRANSLATED  INTO  GERMAN 

IVof.  Lusk  presents  the  scientific  foundations  upon  which  rests  our  knowledg* 
of  nutrition  and  metabniisra.  both  in  health  and  in  disease.  There  arc  special 
chapters  on  the  metabotism  of  diabetes  and  fever,  and  on  purin  metaboltan. 
The  work  will  also  prove  valuable  to  students  of  animal  dietetics  at  africultiinl 
stations. 

UweTlyt  r.  Butter.  M.  D. 

Professor  0/  the  Prmd/^es  anJ  Practice  of  Medicine,  JtAm  /TofJ^nt  t^ivrrtify. 

"  I  shnll  rccommrnd  it  higUr  to  taf  students.    U  »a  cocniort  to  bav*  neh  *  1 
of  the  subject  In  £ngli»b." 


HISTOLOGY, 


II 


Daugherty*s 
economic   Zo61o£(y 

Economic  Zoolo^.  By  L.  S.  Daughertv,  M.S.,  Ph.  D.,  Professor 
of  Zoology,  State  Normal  School.  Kirkst-illc,  Mo.,  and  M.  C.  Daugh- 
ERTY,  author  w-ith  Jackson  of  "  Agriculture  Through  the  Laboratory 
and  School  Garden."  Part  I :  Field  and  Laboratory  Gvide.  l2mo  of 
237  pages,  interleaved.  Cloth,  51-25  net.  Part  II:  IMnctpUs.  l2mo 
of  406  pages,  illustrated.     Cloth,  f2.oo  net 

ILLUSTRATED 


There  is  no  other  boot:  just  like  this.  Not  only  does  it  K<ve  the  saHent  (kcts 
of  structural  zoQId^-  and  the  development  of  the  various  branches  of  animals,  but 
also  the  nntural  history — the  life  anti  Aadi/s — thus  showing  the  intcrreLitions  of 
structure,  habit,  and  environment.  In  a  word,  it  gives  the  principles  of  zo6logy 
and  fAfir  actual  applicaium.  The  economic  phase  is  emphasized. 
Part  I — the  Field  and  Laboratory  Guid/r — is  designed  for  practical  instruction  in 
the  Beld  and  laboratory.  To  enhance  its  value  for  this  purpose  blank  pages  ue 
inserted  for  notes. 


DrewV 

Invertebrate  Zo6Io£(y 

A  Latmratory  Manual  of  Invertebrate  Zoolofry.  By  GiiAfAN  A. 
Drkw,  Ph.D.,  /\>bistanl  Director  at  Marine  Biological  laboratory.  Woods 
Hole,  Mass.  With  the  aid  of  Fonuer  and  Present  Members  of  the  Zooli^cal 
Staff  of  InstriictOTS.     i2moof2i3  pages.  Cloth,  f  1.25  net. 

NEW  (td)  EDITION 

The  subject  is  presented  in  a  logical  way.  and  the  t>'pc  method  of  study  hai 
been  followed,  as  this  method  has  been  the  prevailing  one  for  many  years. 

Prof.  AlHioo  A.  Snrth,  Jr.,  Vir^nift  Polytechnic  Imtihita 

"  1  think  tt  I*  tlie  best  laboratory  mnnual  of  loology  1  have  yet  teen.  The  Urge  number 
of  forms  dolt  with  makes  the  work  iifipUcable  to  almost  any  locaiJiy." 


SAUNDERS    BOOKS    aV 


Norris'   Cardiac  Patholo£(y 

Studies  in  Cardiac  Pathology.  By  George  W.  Norris,  M.D.. 
Associate  in  Medicine  at  the  University  of  Pennsylvania.  Large  octav-o 
of  235  pages,  witli  85  superb  illustrations.     Cloth,  $5.00  net 

SUPCRB    ILLUSTRATIONS 

The  illustralions  are  superb.     Each  illustration  is  accompanied  by  a  detailed 
description;  besides,  there  is  ample  letter  press  supplementing  the  pictures. 

Botloa  MedtcftI  «nd  Sur^ic«]  Journal 

"The  illustralions  :irc  ArranKcd  in  such  a  way  at  to  illustrate  all  the  common  uid  many  k4 
the  rart;  csrdi^c  Iciioni,  &nd  th«  aircompanj'itig  <lcscnplive  text  cotistiiuic* a  fairly  coaimmnM 
didactic  trealisc." 


McConnelFs  Pathology 

A  Manual  of  Patholofi^y.  By  Gin'iiKTe  McConnell,  M.  D..  As- 
sistant Surgeon,  Medical  Reserve  Corps,  U.  S.  Navy.  i2tno  of  523 
pages,  with  1 70  illustrations.     Flexible  leather.  $2.50  net 

NEW  (td)  CDinON 
Dr.  McConnell  has  discussed  his  subject  with  a  clearness  and  precision  of 
style  that  make  the  work   of  great  assistance  to  both  student  and  prmctltioncr. 
The  illuslrations  have  been  introduced  for  their  practical  value. 

New  York  State  Journal  of  Mcdidne 

"  The  book  treats  ihe  subject  of  pathology  with  a  thoroughness  lacking  In  many  works  of 
greater  pretension.     The  illu^iralioru — many  of  ihem  original— ar«  profuse  and  of  cxccpcteiMl 

esccllcnce." 


9t««.^a 


McConnell's  Pathology  and  Bacteriology 

Pathology  and  BactcriolojO'  for  Dental  Students.  By  Githrie 
McConnell.  M.  U.,  Assistant  Surjjeon.  Medical  Reserve  Corps.  U.  S.N. 
l2nJo  of  309  pages,  illustrated.     Clolh.  $2.25  net 

ILLUSTRATED 

This  work  is  written  expressly  for  dentists  and  denl.it  students.  eniphasitzni{ 
throughout  the  ajiplicntion  nf  {mtholugy  and  bacteriology*  in  dentnl  study  and  prac- 
tice. There  arc  chapters  on  disorders  of  nietabolism  and  circulation;  recro- 
gressive  processes,  cell  division  inflamtnation  and  rc>;eneration ,  ^ranuloaias,  pro- 
gressive processes,  tumors,  special  month  pathology,  sterilization  and  disinfcctioa. 
bacteriologic  methods,  specific  micro-organisms,  infection  and  immunity,  and 
laboratory  technic. 


HISTOLOGY. 


IS 


Durck  and  Hektoen's 

Special    Pathologic    Histolo^ 


Atlas  and  Epitome  of  Special  Pathologic  Histology.     By  Dr.  H. 

DCrck,  of  Munich.  Kditcd.  with  additions,  by  Luovic  Hektoen,  M.  D., 
Professor  of  Pathology.  Rush  Medical  College,  Chicago.  In  two  parts. 
Part  I. — Grculatory,  Respirator>',  and  Gastro-intcstinal  Tracts.  120 
colored  figures  on  62  plates,  and  158  pages  of  text.  Part  II. — Liver, 
Urinary  and  Sexual  Organs,  Nervous  System.  Sldn,  Muscles,  and 
Bones.  123  colored  figures  on  60  plates,  and  192  p^es  of  text.  Per 
part:  Clotli.  $3.00  net     In  Sauttders'  Hand-Atias  Scries. 

The  great  value  of  these  plates  is  that  they  represent  in  the  exact  colors  the  efTect 
of  the  stains,  which  is  of  such  x^eat  importance  for  the  ditferentiatinn  of  tissue. 
The  text  portion  of  the  book  is  admirable,  and,  while  brief,  it  is  enlirely  Siatisfac- 
tory  in  that  the  leading  facts  are  stated,  and  so  stated  that  the  reader  feels  he  has 
grasped  the  subject  extensively. 

WUUuB  U.  Welch.  M.  D.. 

Prcfiii«r  of  PalMa^,  J^kiu  Hepkim  {/mwtrritr,  Ba/timotv. 

"  t  consider  Dilrek's  'Alias  at  Sp«ctal  Pntholoj^e  HUtoloify.'  edited  by  Heliloen.  a  very 
tucrnl  bonk  Ut  ^hiilpnti  and  olhcr^.     Th«  plaits  nrc  ixtniirable.  " 


Sobotta  atid  Huber's 
Human  Histology 

Atlas  and  Epitome  of  Human  Histology.  By  Phivatchjcrnt  Dr. 
J.  Sobotta,  of  Wijrzburg.  Edited,  with  additions,  by  G.  Carl  Huber, 
M.  D.,  Professor  of  Histology  and  Embryology  in  the  University  of 
Michigan,  Ann  Arbor.  With  214  colored  figures  on  80  plates,  68 
text-ilhistrations.  and  248  pages  of  text  Cloth.  $4.50  net.  /» 
Saunders'  Nand-A/Zas  Sm'rs. 

INCLUDING   MICROSCOPIC   ANATOMY 

The  work  combines  an  abundance  of  wcll-chosen  and  moat  accurate  illustra- 
tions, with  a  concise  text,  and  in  such  a  manner  as  to  make  it  both  atlas  and  text- 
hook.  The  f^reat  majority  of  the  iUnstrations  were  u\ade  from  settinns  prepared 
from  human  tissues,  and  always  from  fresh  and  in  cvcr>-  respect  normal  specimens. 
The  colored  lithographic  plates  have  been  produced  with  the  aid  of  over  thirty  colors. 

Bofton  Medical  and  Surfkal  Journal 

"  In  color  and  proportion  tUvy  are  chaneterised  by  gralifying  accuracy  and  lilhognpbte 
bcAuty." 


SAUNDERS-    BOOKS  OX 


Bosanquet  on  Spirochaetes 

Spirochetes:  A  Review  of  Recent  Work,  with  Some  Original  Ob- 
servations. By  W.  Cecil  BosANtJUET,  M.D.,  Fellow  of  the  Royal  Col- 
lege of  Physicians.  London.    Ocuvo  of  1 52  pages.  Ulustratcd  f  2.50  net. 

ILLUSTRATED 

Hiis  is  a  complete  and  authoritative  monograph  on  the  spirocluetes.  giving 
morphology,  pathogenesis,  classification,  staining,  etc.  I'seudospi  roc  hastes  ar« 
also  considered,  and  tlie  entire  text  well  nittstrated.  The  high  standing  of  Dr. 
Bosanquet  in  this  field  of  study  makes  this  new  work  particularly  valuable. 


Levy  arid  Klemperer's 
Clinical  Bacteriolo^ 

The  Elements  of  Cfinical  Bacteriology.    By  Drs.  Kkn.st  Levy  and 

Felix  Klemperek,  of  the  University  of  Strasburg.  Translated  and 
edited  by  Augustus  A.  Esiiner,  M.  D.,  Professor  of  Clinical  Medicine, 
Philadelphia  Polyclinic.  Octavo  volume  of  440  pages,  fully  illustrated. 
Cloth,  $2.50  net. 

8.  SoUi-Cohen.  M.  D., 

Prvftisor  of  ClinUai  MtdUSnt,  Jtftnom  Mtdual  Cothgt.  PbiUdelphia. 
"  ]  coulder  it  an  excellent  book.     I  have  recomniend«d  it  In  speaking  to  mjr  itudenci.*' 


Lehmann,  Neumann,  and 
Weaver's  Bacteriology 

Atlas  and  Epitome  of  Bacteriolo^ :  including  a  Text-Book  of 
Special  Bacteriologic  Diagnosis.  By  Prof.  Dr.  K.  B.  Lehmakm 
and  Dr.  R.  O.  Neumann,  of  Wtirzburg.  From  tki  Second  Rrifised  and 
Enlarged  German  Edition.  Lditcd,  with  additions,  by  G.  H.  \Vea\'ER, 
M.  D.,  Assistant  Professor  of  Pathology  and  Bacteriology,  Rush  Medical 
College,  Chicago.  In  two  parts.  Part  I. — 633  colored  figures  on  69 
lithographic  plates.  Part  11. — 51 1  pages  of  text,  illustrated  Per  part: 
Cloth,  $2.50  net.     In  Saunders'  Hand-Adas  Series. 
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Durck  and  Hektoen's  General  Pathologic  Histolo^ 

Atlas  and  Epitome  of  General  Pathologic  Histology.  By  Pr. 
Dr.  H.  Durck,  of  Munich.  Edited,  with  additions,  by  Ludvig  Hek- 
toen,M.  D.,  Professor  of  Pathology  in  Rush  Medical  College,  Chicago. 
172  colored  figures  on  77  lithographic  plates,  36  text-cuts,  many 
in  colors,  and  353  pages.  Cloth,  J5.00  net.  In  Saunders' Hand-Atlas 
Series. 

American  Text-Book  of  Physiology  second  cifiiioa 

American  Text-Book  of  Physiology.  In  two  volumes.  Edited  by 
Wiluam  H.  Howell,  Ph.  D.,  M.D.,  Professor  of  Physiology  in  the  Johns 
Hopkins  University,  Baltimore,  Md.  Two  royal  octavos  of  about  600 
pages  each,  illustrated.  Per  volume:  Cloth,  53.00  net;  Half  Morocco, 
$4.25  net. 

"  The  work  will  stand  as  a  work  of  reference  oa  phydology.  To  him  who  dedres  to  know 
the  status  of  modem  physiology,  who  expects  to  obtain  suggestions  as  to  further  physio- 
logic inquiry,  we  know  of  none  in  English  which  so  eminentiy  meets  such  a  demiind." — 
The  Aftdicai  Ntva. 

Warren's  Pathology  and  Therapeutics       s^ond  Editk» 

Surgical  Pathology  and  Therapeutics.  By  John  Colons  Warren, 
M.  D.,  LL.D.,  F.  R.  C.  S.  (Hon.),  Professor  of  Surgery,  Harvard  Med- 
ical School.  Octavo,  873  pages,  136  relief  and  lithographic  illustrations, 
33  in  colors.  With  an  Appendix  on  Scientific  Aids  to  Surgical  Diagnosis 
and  a  series  of  articles  on  Regional  Bacteriol<^.  Cloth,  S5.00  net; 
Half  Morocco,  $6.50  net 

Raymond's  Physiology  New  (3d)  tmon 

Human  Physiology.  By  Joseph  H.  Raymond,  A.  M.,  M.  D.,  Pro- 
fessor of  Physiology  and  Hygiene,  Long  Island  College  Hospital,  New 
York.     Octavo  of  685  pages,  with  444  illustrations.     Cloth,  I3.50  net. 

"The  book  is  well  gotten  up  and  well  printed,  and  maybe  regarded  as  a  trustworthy 
guide  for  the  student  and  a  useful  work  of  reference  for  the  genera!  practitJooer,  Tht 
illustrations  are  numerous  and  are  well  executed." — Tk4  Laiutt,  London. 

Bohm,  Davidoff,  an?  Ruber's  Histology  |S^ 

A  Text-Book  of  Human  Histology.  Including  Microscopic  Technic. 
By  Dr.  A,  A.  Bohm  and  Dr.  M.  Von  Davidoff,  of  Munich,  and  G. 
Carl  Huber,  M.  D.,  Professor  of  Embryology  at  the  Wistar  Institute, 
University  of  Pennsylvania.  Octavo  of  528  pages,  with  361  beautifiil 
original  illustrations.     Flexible  cloth,  f3-5o  "ct. 


Ball's  Bacteriolo^  sev«ath  t^tio^.  KevtMd 

E55ENT1AI2  OF  Bacteriolocy  :  being  a  concise  and  systematic  intro- 
duction to  the  Snidy  of  Micro-organisms.  By  M.  V.  Ball,  M.  D.,  Late 
Bacteriologist  to  St.  Agnes'  Hospital^  Philadelphia.  i2mo  of  3S9  pages, 
with  135  illustrations,  some  in  colors.  Cloth,  |i.oo  net.  /ft  SaunJtrf 
Question-  Compend  Series. 

"  The  technie  with  r<!g.ird  lo  media,  &tainln|r>  moonllnc  mni  the  tOw  h  cuUed  fnm 
blest  uilhorilAtive  works." — Tkt  AMicai  Timet.  New  York. 

Budgett's  Physiology  New  (4th)  eanion 

EssESTiAii  OF  PnvsiOLOCY.  Prepared  especially  for  Students  of  Medi 
cine,  and  arranged  with  questions  following  each  cJiapier.  By  Sidney 
P.  BuDOETT,  M,  D.,  formerly  Professor  of  ?h>-sioIogy,  Washington  Uni- 
versity. St.  Louis.  Revised  by  Harold  E.  B.  Pardee.  M.  D..  Instructor 
in  Physiology,  Columbia  University  (College  of  Physicians  and  Surgeons), 
New  York.  i2ino  volume  of  206  pages,  illustrated.  Cloth,  $1.00  net. 
Saunden'  Question-Comptnd  Series. 

"Hv  has  an  csccllcni  conception  of  his  suh^cvl.  .  .  tt  is  one  of  ibe  moil  latislaciorr 
tiooks  of  this  class" — {Jmiv<riity  t/  PtiHsyivania  AfedUai  BuiltUn. 

Leroy's  Histology  n«w  (4th^  EdiHiM 

t>iSiF.NTiAi.s  Of-  HisTOLOGV.     By  LoiTis  I.EROV,  M.  D.,  Professor  of 

Histology  and  Pathology,  Vanderbilt  Univeraity,  Nashville,  Tennessee. 

i3mo,  263  pages,  with  92  original  illustrations.     Cloth,  $i.ao  net.     /n 

Sounders'  Queslion-  Compend  Series. 

"  The  work  in  ii&  present  form  stands  as  a  model  of  what  a  sludecrt  aid  should  be ;  and 
wc  unhcsiUiinKtv  suy  itiut  the  |tnt<:tilioner  as  tteW  would  lind  a  glance  ihrough  Ute  booll 

of  U^ting  hrnefit,"^7"^^  MeJital  IVarld.  Philadelphia. 

Barton  and  Wells'  Medical  Thesaiirus 

A  THESArRUs  OF  Medical  Words  and  Phrases.  By  Wilfked  M. 
Barton,  M.  D.,  Assistant  Professor  of  Materia  .Medica  and  Therapeutics, 
and  Walter  A.  Wells, M.D.,  DemonstratorofLar)'ngologv,Georgetowi: 
University,  Washington,  D.  C.  izmo,  534  pages.  Flexible  leather. 
f  Z.50  net ;  thumb  indexed.  5300  net. 

American  Pocket  Medical  Dictionary       ^^  ^^^,  cdstiaa 

A.MEKICAN  Pocket  Mkuical  Diltionahv.  Edited  liv  W.  .\.  New- 
man Dorland,  M.  D.,  Editor  "American  Illustrated  Medical  Dic- 
tionary." Containing  the  pronunciation  and  definition  of  the  princip*d 
words  used  in  medicine  and  kindred  sciences,  with  75  extensive  tables. 
693  pages.  Flexible  leather,  with  gold  edges,  J1.25  net;  with  patent 
thumb  index,  |i.50  net. 

"  1  c;>Ti  rrcnmmenil  it  Ih  uur  ntudenis  without  reMnc." — J.  H.  HOLLAND,  M,  D..  ^ 
t^t  J/fmom  Mrdifoi  CiUtgt,  Pbiladelphtu. 
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symptomatic  t«;'.tni.nl.  an  astringent  mipht  l.c  used. 
It  K.  a  25  per  cent.  ioU-ti..r,  of  al»ni["fm  chlond.  as  recom- 
p  2015).  !l  is  dabbed  oii  gently  and  allowed  to  dry.  the 
application  is  repeated  ev^ry  sccund  or  third  day  (or  lhr<^ 
a,mlic3tinns.  and  t)i=n  once  a  week  to  prevent  recurrence*.    A 

aiS  were  rabbJa  In  the  Unds.  ju  "t  tcforc  hand-shakmB 
has  Riven  comfort  to  a  traveling  salesman  who  was  anno>':d 
by  finding  his  hands  snddenly  wei  on  such  occasions.  SbouM 
Ul  these  thin«.  prove  unsatisfactory,  a  ,^1;'*^""^  ^"J.f"^ 
>urs<  o(  roent«.mth.rapy  inay  i)utj»n  end  to  the  ^^^\ 


